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ABSTRACT 

 
Rock and soil distribution coefficient, Kd values, measurements (the ratio of radionuclide 
concentration sorbed to the concentration in the aqueous phase) were conducted in support of 
Combined License (COL) application at the V.C. Summer Nuclear Power site in Fairfield 
County, South Carolina.  Fifteen rock and five soil and four representative groundwater 
samples from the V.C. Summer site were provided for the Savannah River National 
Laboratory to conduct site-specific cobalt (Co), cesium (Cs), and strontium (Sr) Kd 
measurements.  Mineralogical (X-ray diffraction and X-ray fluorescence) and surface area 
information was also measured for selected samples.  Comparisons of  Kd measurements 
were made: 1) as a function of four ground rock sizes (approximately 10-, 100-, 1000-, and 
10,000-µm) 2) more widely between finely (~10 µm) and coarse (~10,000 µm) ground rock 
samples, 3) between rock samples collected along fractures and from the general matrix rock, 
and 4) between five soil samples.  The intent for some of the comparisons was to understand 
how these radionuclides may sorb in a fractured media.  At issue, is that there is not a 
standardized test for measuring sorption to fractured media; instead there is only the 
standardized test for measuring sorption to porous media (ASTM 4646: Kd test).  In almost 
all samples, Co Kd values (average across all treatments = 513.6 mL/g) > Cs Kd values 
(average = 268.5 mL/g) > Sr Kd values (average = 36.1 mL/g).  A comparison of the effect of 
particle size of one rock sample on Kd values showed that there was little difference in Kd 
values between the 10- and 100-µm particles, but that the Co, Cs, and Sr Kd values 
consistently decreased by about an order of magnitude as the particle sizes increased from 
100 to 10,000-µm particles. As expected, the finest ground samples (10 µm) always had 
appreciably greater Kd values than their coarse ground (10,000 µm) counter parts; the 
10µm:10,000µm ratios of the Kd values for Co = 16.6, Cs = 12.1, and Sr = 7.  In comparisons 
between fractured and matrix rock samples, the Kd values were always greater in the 10µm 
fracture samples than in the comparable matrix samples  For similar comparisons with the 
coarse ground samples (10,000µm), there was either no difference (Co and Sr Kd values) or 
the fracture samples were larger (Cs Kd values) than the matrix samples.  Finally, soil sample 
Kd values were generally comparable in magnitude with the rock 10-µm particle Kd values 
and followed the same trends, namely Co > Cs > Sr Kd values.  In general, the Kd values 
reported here followed expected trends based on geochemical principles and will provide the 
necessary sorption data for assessing the risk associated with subsurface movement of Co, 
Cs, and Sr at the V.C. Summer site. 
 
 
.    
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1.0 INTRODUCTION 
 
Distribution coefficients, Kd values, when used in reactive transport codes are conditional on 
the sediment type and groundwater (Krupka et al 1999a).  For this reason it is ideal to use Kd 
values derived from site-specific materials when possible.  The objective of this project was 
to provide site-specific cobalt (Co), cesium (Cs), and strontium (Sr) Kd values for the V.C 
Summer COL application.  Some additional objectives were to compare Kd values:  
 

1) as a function of four ground rock sizes (approximately 10-, 100-, 1000-, and 
10,000-µm); 

2) between finely (~10 µm) and coarse (~10,000 µm) ground rock samples; 
3) between rock samples collected along fractures and from the general matrix rock; 

and  
4) between five soil samples.   

 
Additionally, X-ray Diffraction (XRD), X-ray Fluorescence (XRF) and BET surface area 
analyses were conducted on select samples to provide insight into the solid phase 
mineralogy.  Fifteen rock, five soil, and four representative groundwater samples from the 
V.C. Summer site were provided by MACTEC for use in this study. 
 
 

2.0 MATERIALS AND METHODS 
 
2.1 MATERIALS 
 
The Materials and Methods are described in detail in Appendix A.  The following is a brief 
description to permit understanding of the results.  The representative rock, soil, and 
groundwater samples from the V.C. Summer site are described in Table 1.  The radionuclides 
used in the Kd measurements were gamma emitters purchased from Analytics, Inc. (Atlanta, 
GA; http://www.analyticsinc.com/prod01.htm).  The solids/groundwater suspensions were 
spiked with the following isotopes: 
 

• 60Co:  the sediments suspension was initially spiked at a concentration of 6.89e-7 
Ci/L. 

• 134Cs:  the sediments suspension was initially spiked at a concentration of 1.14e-5 
Ci/L. 

• 85Sr:  the sediments suspension was initially spiked at a concentration of 1.19e-5 
Ci/L. 

 
The magnitude of sorption to geological materials does not vary with isotope.  So even if the 
COL application is interested in making transport calculations with different isotopes of Co, 
Cs, and Sr than those used in these tests, the Kd values will remain the same.  At these very 
low concentrations, competition for sorption sites as a result of introducing more than one 
radionuclide at a time is essentially non-existent.  The test matrix is presented in Table 2 and 
the lithology of each sample is presented in Table 3.
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Table 1.  Sample description as provided by MACTEC. 

 

Kd Sample Locations for Soil, Rock and Groundwater Comments 

Boring 
Kd Sample Depth  

(feet below 
ground surface 

(bgs)) 

Kd Sample location description  Lithology of Kd 
Sample 

Water Sample 
Collection Location Sample Selection 

B-205 98-100 

Choose a fracture zone from which to 
extract 2 samples for Kd analyses (1 

sample for the 10µm sample and the other 
for the ~1cm sample) - Sample should be 

a minimum of 6 inches in length. 

Bedrock OW-205a Fracture zone 1 =  98.6', or 
Fracture zone 2 = 99.4' 

B-212/212a Sample #14 (48.5-
50.0) 

If this is not enough sample, mix with 
Sample 13.  Both  are Saprolite (SM) Saprolite OW-212 Jar Sample 

B-212/212a Sample # 18 (58.5-
60.0) 

PWR - choose representative 6 inch 
sample PWR 1 OW-212 Jar Sample 

B-212/212a 86-96 

Complete total of 6 Kd tests on one 18" 
core sample.  4 samples from the rock 

matrix and 2 samples from along a 
fracture surface - Sample should be a 

minimum of 18 inches in length. 

Bedrock OW-205a 

Fracture zones = 87.1' and 88.0', 
Matrix samples  = 87.1'-87.65' or 
87.65'-88' or 88'-88.65' or 88.65'-

89.2' 

B-305 64-64.5 

Choose a fracture zone from which to 
extract 2 samples for Kd analyses (1 at 

approximately 10 microns and 1 at 
approximately 1 cm)  - Sample should be 

a minimum of 6 inches in length. 

Bedrock OW-305a Fractured zone = 64.2'-64.6' 

B-305 59-60 Choose 6 inch sample from fracture zone 
logged from 57.5 to 60.5' MWR1 OW-327 Core fractured zone = 59.4'-59.9' 
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B-327 56-59 Choose 6" sample of good water bearing 
fractures MWR1 OW-327 Core fractured zone = 58.7'-59.1' 

B-333 63-65 
Choose 6" sample of good water bearing 

fractures (Highly Weathered to 
Completely Weathered) 

PWR1 OW-327 

Core weathered zone = 63.2'-65'.  
If possible, hand crush highly 
weathered material for testing 

and use fine material for testing. 

B-620 Sample #12 (38.5-
40.0) 

If sample is not enough, combine with 
Sample #11 Saprolite OW-212 Jar Sample 

B-627 66.5 to 76.5 

Choose a fracture zone from which to 
extract 2 samples for Kd analyses (1for 
the 10µm sample and the other for the 

1cm sample)  - Sample should be a 
minimum of 6 inches in length. 

Bedrock OW-305a 

Weathered fracture zones = 
~59.5'   I Could not identify any 
decent fractures at the requested 
depth. Best fractures are at 59.5' 

near top of rock.  

B-627 Sample #9 (23.5-
25.0) 

If sample is not enough, combine with 
sample #10 Saprolite OW-327 Jar Sample 

B-627 
Sample #14 (47.0-
48.5) and Sample 
#15 (53.5-55.0) 

If enough material, combine these 2 into 
1 sample for Kd analysis PWR OW-327 Jar Sample 

Notes: 
1 MWR = moderately weathered rock, PWR = partially weathered rock.  These samples are not technically considered "bedrock", however, these weathered  
rock samples are still relatively intact and will require crushing before Kd analyses can be run.  Samples should be crushed to 10 microns and tests run as  
appropriate for bedrock samples. 

  
 
 

DCN SC412 Rev 4



WSRC-STI-2007-00244 

 10

Table 2.  Kd test metrics. 

 

Boring Kd Sample Depth 
(feet bgs) 

Jar Sample 
(Soil 

Material) 

Rock Fracture 
Surface 10 µm 

(1) 

Rock 
Fracture 
Surface 
10,000 
µm(1) 

Rock 
(Matrix) 10 

µm(1) 

Rock 
(Matrix) 

100 µm (1) 

Rock 
(Matrix) 

1000 µm(1) 

Rock 
(Matrix) 
10,000 
µm(1) 

B-205 98-100   1 1         

B-212/212a Sample #14 (48.5-
50.0) 1             

B-212/212a Sample # 18 (58.5-
60.0) 1             

B-212/212a 86-96   1 1 1 1 1 1 
B-305 64-64.5   1 1         
B-305 59-60   1           
B-327 56-59   1           
B-333 63-65   1           

B-620 Sample #12 (38.5-
40.0) 1             

B-627 66.5 to 76.5   1 1         

B-627 Sample #9 (23.5-
25.0) 1             

B-627 
Sample #14 (47.0-

48.5) and Sample #15 
(53.5-55.0) 

1             

(1) Samples sizes are approximate.  They may be revised to meet the limitations of the laboratory sampling equipment. 
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Table 3.  Number of each type of geological material included in Kd tests. 

 
Material Type Number of Samples 

Saprolite 3 
PWR a 3 
MWR a 2 
Bedrock 12 

a PWR = partially weathered rock; MWR = moderately weathered rock 

 

Table 4.  Number of Kd test versus solid phase type. 

 
Solid Phase Total Number of Kd Tests/Type 

Jar Sample (Soil Material) 5 a 

Rock Fracture Surface 10 µm 7 
Rock Fracture Surface 10,000 µm 4 

Rock (Matrix) 10 µm 1 
Rock (Matrix) 100 µm 1 

Rock (Matrix) 1000 µm 1 
Rock (Matrix) 10,000 µm 1 

  
TOTAL Kd TESTS 20 

a Includes three Saprolite and two PWR samples. 
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The source solution was carefully selected so that the concentrations of Co, Cs, and Sr would 
not exceed the linear sorption range.  In the linear range, the Kd construct is appropriate to 
use.  At higher concentrations, it is often necessary to use more complicated models, such as 
the Freundlich model, and yet at higher concentrations, precipitation of the radionuclide of 
interest may occur.  If precipitation occurs, the measurement would incorrectly attribute 
reversible sorption to the Kd values, where in fact “irreversible” precipitation occurred.  (The 
latter should be described with a solubility constant and not a Kd value.)  The tests were 
conducted at several orders of magnitude lower concentrations than would be necessary for 
precipitation of Co, Cs, or Sr.  Regarding non-linear sorption, Krupka et al. (1999b) reported 
that non-linear sorption of Cs occurs at concentrations greater than about 10-5 M (0.12 Ci/L 
137Cs) and Sr at about 10-7 M (1.2e-3 Ci/L 90Sr).  Clearly, the concentrations used in these Kd 
tests are several orders of magnitude lower than where non-linear sorption occurs.  
 
2.2 METHODS 

2.2.1 Distribution Coefficients 
 
A detailed description of the methods used to measure Kd values is presented in Appendix A.  
This procedure follows ASTM D 4646-03: Standard test method for 24-hr batch-type 
measurement of contaminant sorption by soils and sediments (Appendix G).  Briefly, the 
rock samples came in 5-cm diameter cores. Using a Westward 6-ton hydraulic press, ~0.5-cm 
thin slices were cut from the various core samples as described in Table 2, Table 3, and Table 
4.  These slices were then ground by various techniques to obtain the other size particles.   
 

• To create the 1-cm sized particles, a chisel and hammer were used (See photos in 
Appendix D).  About a dozen pieces were made from the slice, from which one piece, 
with the dimensions closest to 1-cm, was selected for the Kd test.   

• To create the 10-µm sized particles, a chisel and hammer were used to break up the 
thin sections created from the hydraulic press to ~1-cm pieces (photos in Appendix 
D).  Approximately 20 g of these 1-cm pieces were placed in a Spex 8510 Shatter box 
for 5 minutes, ground, and passed through #400 (38µm) and #500 (25µm) sieves.  
The <25µm fractions were saved.  

• To create the 100- and 1000-µm2 sized particles, a chisel and hammer was used to 
break up the thin sections made from the hydraulic press to particles that were ~1-cm 
(10,000µm) in diameter.  Then approximately 100 g of these particles were placed in 
a jaw crusher (Retsch Jaw Crusher Type BB51 with tungsten carbide plates) for 10 
minutes.  The jaw crusher sample were then passed through a 1.4-mm sieve (#14 
sieve) and the less than fraction was placed in a shatter box (Spex 8510 Shatterbox) 
for 10 seconds.  The shatter box sample were then pass particles through a series of 
sieves (1400, 1180, 1000, 850, 710, 150, 125, 106, 90, and 75 µm) and shaken on an 
AS200 Analytical Sieve Shaker (Type AS200 Digit).  The <75-µm (#200 sieve) 
material was then placed in a Spex 8000 mixer/mill for 10 seconds and then in a Spex 
8510 Shatter box for 5 min.  This material was then passed through a 25-µm (#500 
sieve).  The “100-µm” was the >90µm/<106µm fraction.  The “1000-µm” fractions 
was a combination of two fractions (to provide enough sample) >1000µm/<1180µm 
and the >850µm/<1000 µm fractions.  
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For the five soil samples, the sample was first thoroughly mixed and then approximately 100 
g sub-samples were dried at 85 °C in a drying oven.  The dried samples were passed through 
a 2-mm sieve.  The entire soil sample passed through the 2-mm sieve. 
 
Thus our best estimate of the particle sizes for each category is: 
 

• “10,000µm” = 10,000µm 
• “1000µm” = >850µm <1180µm 
• “100µm” = >90µm <106µm 
• “10µm” = 13µm (or more specifically, <25µm) 
• “soil” = <2mm. 

 
Throughout the text, each fraction will be identified by their target size, rather than our best 
estimate of the actual size. 
 
0.5-g of dried solid phase (or 1 particle in the case of the 10,000µm particle size tests 
(generally about 1.2 g)) was added to a centrifuge tube, followed by 12 mL of groundwater.  
The suspension was mixed overnight to pre-equilibrate the sediments with the groundwater 
chemistry prior to adding the radionuclide spike. To separate the phases, the tubes were 
centrifuged and the aqueous phase was decanted and disposed.   
 
Following pre-equilibrating the sediment sample, 10 mL groundwater was added to the tubes 
followed by 80 µL of a gamma spike solution.  The spike activities introduced to each 
suspension were: 
 

• 2,340 dpm/mL 60Co (6.89 x 10-13 Ci/L), 
• 26,400 dpm/mL 85Sr (1.19 x 10-11 Ci/L), and 
• 25,400 dpm/mL 134Cs (1.14 x 1011 Ci/L), 

 
as shown in Table 15 for the “No soil Control” data. 
 
Because the background solution of the radionuclide spikes was very acidic (~0.1 M HCl), it 
was necessary to adjust the pH by adding base to each suspensions until the pH returned to 
approximately that of background, pH 6.  The actual amount of base added was recorded; it 
was in the order of 90 µL of 0.1 M NaOH.  It is important to maintain sediment pH because 
pH can greatly influence the extent that radionuclides sorb to sediments.  The suspensions 
were periodically shaken over a 7 day contact period.  At the end of the contact period, the 
samples were permitted to settle and the aqueous phase was passed through a 0.1µm filter 
and analyzed by standard gamma spectroscopy.  All Kd measurements were conducted in 
duplicate.  Three positive controls (spikes only in groundwater, no solid phase added) and 
eight negative controls (each of the 4 groundwater in duplicate, but no soil or spike) were 
included.  Therefore a total of: 
 

 (2 reps x 20 sediments) + 3 positive controls + 8 negative controls = 51 test tube 
measurements were made. 
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The three positive controls were used to provide estimates of radionuclide concentrations in 
the absence of sediment and accounted for any sorption to the labware that may have 
occurred as an experimental artifact.  It was these sample results that were used to establish 
the initial solute concentration used in the Kd calculation.  The negative controls provided a 
measure of how much radioactivity is in the native groundwater; they all came back 
indicating that there was <1 dpm/mL (<0.45 pCi/mL) of 60Co, 85Sr, and 134Cs.  The latter 
control is not used in the calculation of Kd values.  
 

2.2.2 Solid Phase Characterization 
 
XRF, XRD, and BET analyses were conducted on seven samples selected by Bechtel.  The 
samples were (Boring/depth below ground surface [ft]): B-205(98.6-99.8 bgs), B-
212/212a(86-96 bgs), B-305(64-64.5 bgs), B-305(59-60 bgs), B-327(56-59 bgs), B-333(63-
65 bgs), and B-627(66.5-76.5 bgs).  These tests were conducted with finely ground samples 
(~10µm).  The procedures followed were from the Savannah River National Laboratory’s 
standard operating procedures (which have been transmitted to MACTEC under separate 
cover): 
 
 XRD:  “Panalytical X’pert Pro 3040, X-ray Diffraction System.” Manual L.16.1, 
Procedure ADS-1120, Rev. 0. 
 BET:  “Procedure for Operating the Micromeritics ASAP 2010 Surface Area and 
Pore Volume Analyzer.”  Manual L16.1, Procedure: ADS-1.114, Rev 2. 
 XRF:  “Rigaku ZSX 101E, Wavelength Dispersive X-ray Fluorescence System.” 
Manual L.16.1, Prcedure ADS-115, Rev. 2. 
 
Another important reference for the XRD work, useful for interpreting the results is Whittig 
and Allardice (1986). 
 
The simple statistics used in this report (averages standard deviations, and regression) were 
generated by EXCEL (Microsoft Inc).  
 
The lab notebook used to record the activity of this work was WSRC-NB-2007-00029, pages 
5 - 33.  This unclassified notebook will be kept “permanently” by the Department of Energy.   
 
2.3 ANALYTICAL STANDARDS ANALYZED WITH SAMPLES 
 
Internal (SRNL) QA standards of nine isotopes that span the gamma energy range of interest 
were measured each morning prior to analyzing any samples.  The results from these 
analyses are presented in Appendix E.  A mark in the QA results in the “Deviation/Flags” 
column of “In” means the measured value needs to be “investigated”, but the instrument is 
within specifications of the standard.  A “Deviation/Flags” comment of “Ac” means the 
measured value is outside the acceptable range and “action” is required.  The “action” flag 
indicates that the analyses results are unacceptable.  During the five days that the samples 
were analyzed, there were a total of 90 standards that were measured, of which nine 
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“investigate” flags and zero “action” flags were identified.  This indicates that all 
measurement QA standards were within specification.   
 
USGS standards, USGS Diabase W1 Standard and USGS Syenite STM-1 Standard 
(http://minerals.cr.usgs.gov/geo_chem_stand/) were used to check the accuracy of the XRF 
(See Appendix E).  These standards were run at the start of analyzing the study’s samples.  
All measured elemental concentrations of the USGS standard samples are presented in 
Appendix E and indicate the instrument was operating correctly. 
 
One standard was run at the start of the XRD analyses, which were all completed in one day.  
The standard was provided by the manufacturer of the XRD instrument, PANalytical, 
Lelyweg 1, 7602 EA ALMELO, The Netherlands; http://www.panalytical.com/.  Two 
parameters are checked, the peak location (26.640°) and the peak intensity.  Peak intensity 
does not have a critical value; instead this value is compared to other values previously 
measured from this sample.  When it is ~20% of the original value (when the radiation 
source used in the XRD was new) than it indicates that the radiation source needs to be 
replaced.  In this case the peak intensity denoted in Figure 2 of Appendix E indicated <5% 
reduction, indicating that the gamma source did not need replacing. 
 
There are no certified standards for the BET surface area measurements.  Instead there are 
reference materials.  The reference material used to calibrate the Micromeritics ASAP 2010 
was purchased from the vendor, Micromeritics Instrument Corporation (Norcross GA) and 
had a BET surface area of 2.85 ± 0.09 m2/g.  The reference material was run at the start and 
end of the study sample analyzes.  The reference material had a measured surface area of 
2.84 m2/g at the beginning and at the end of the sample measurements, indicating the 
instrument was calibrated correctly. 
 
 

3.0 RESULTS & DISCUSSIONS 
 
3.1 ALL Kd DATA 
 
The Kd values for the 20 samples are presented in Table 5 and associated descriptive 
statistics are presented in Table 6.  A ranking of the radionuclides across all the various 
treatments and lithologies in order of their mean Kd values is: Co (>513.6 mL/g) < Cs (268.5 
mL/g) < Sr (36.1 mL/g).  This ranking of the radionuclides is consistent with general 
geochemical principles and are consistent with the ranking reported in Thibault et al. 1990 
and Krupka et al. 1999b.   

DCN SC412 Rev 4



WSRC-STI-2007-00244 

 16

Table 5.  Co, Cs, and Sr Kd values (average and standard deviation of two values). 

 

SRNL 
ID # Boring Lithology 

Particle 
Size (µm) Solid Phase 

Co Kd 
(mL/g) 

Sr Kd 
(mL/g) 

Cs Kd 
(mL/g) 

401 B-205 (98-100 bgs) Bedrock 10 Fracture 493.9 ± 298.7 13.8 ± 1.3 106.4 ± 26.8 
402  Bedrock 10000 Fracture 74.1 ± 15.1 1.9 ± 1.5 3.0 ± 0.8 
403 B-212/212a (86-96 bgs) Bedrock 10 Fracture 735.6 ± 162.5 34.4 ± 7.3 110.2 ± 25.3 
404  Bedrock 10000 Fracture 24.6 ± 3.8 0.9 ± 0.1 2.1 ± 0.1 
405  Bedrock 10 Matrix 300.3 ± 0.0 8.3 ± 0.0 8.5 ± 0.3 
406  Bedrock 100 Matrix 359.5 ± 45.0 7.6 ± 0.8 11.2 ± 0.1 
407  Bedrock 1000 Matrix 252.6 ± 111.7 2.3 ± 0.9 3.0 ± 0.2 
408  Bedrock 10000 Matrix 26.1 ± 2.2 0.7 ± 0.4 1.0 ± 0.3 
409 B-305 (64-64.5 bgs) Bedrock 10 Fracture 549.5 ± 53.4 14.2 ± 2.5 24.7 ± 2.8 
410  Bedrock 10000 Fracture 19.2 ± 0.0 8.2 ± 7.2 6.5 ± 0.6 
411 B-305 (59-60 bgs) MWR(a) 10 Fracture 788.7 ± 399.6 83.5 ± 24.8 140.2 ± 91.9 
412 B-327 (56-59 bgs) MWR 10 Fracture 658.1 ±323.4 86.8 ± 52.4 99.7 ± 89.4 
413 B-333 (63-65 bgs) PWR 10 Fracture >1433.4 ± 682.2 134.8 ± 31.7 730.4 ± 8.9 
414 B-627 (66.5 -76.5 bgs) Bedrock 10 Fracture 387.7 ± 381.6 33.9 ± 6.6 1035.1 ± 374.6 
415  Bedrock 10000 Fracture 4.4 ± 2.6 13.4 ± 3.4 93.8 ± 34.4 
416 B-212/212a (#14 (48.5-50 bgs) Saprolite <2000 Soil 676.1 ± 63.7 62.0 ± 0.3 89.3 ± 0.2 
417 B-212/212a (#18 (58.5-60 bgs) PWR <2000 Soil 390.8 ± 370.5 45.0 ± 22.6 81.5 ± 2.9 
418 B-620 #12 (38.5-40 bgs) Saprolite <2000 Soil 415.9 ± 188.5 38.5 ± 2.5 71.0 ± 7.4 
419 B-627 #9 (23.5-25 bgs) Saprolite <2000 Soil 1576.4 ± 727.0 67.9 ± 25.6 512.6 ± 283.3 
420 B-627 #14 (47-48.5bgs); #15 (53.5-55 bgs) PWR <2000 Soil 1105.3 ± 891.1 63.9 ± 0.0 2240.3 ± 942.7 

(a) MWP = moderately weathered rock; PWR = partially weathered rock. 
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Table 6.  Descriptive statistics of the Kd Values for all samples (mL/g). 

 Co Kd
(a) Sr Kd Cs Kd 

Mean 513.6 36.1 268.5 
Standard Error 100.7 8.2 120.6 
Median 403.4 24.0 85.4 
Standard Deviation 450.2 36.8 539.4 
Range 1572.0 134.1 2239.4 
Minimum 4.4 0.7 1.0 
Maximum 1576.4 134.8 2240.3 
(a) Co Kd measurements include a greater-than-value, therefore complete statistics 
were not possible to conduct. 

 
 
3.2 Kd VALUES AS A FUNCTION OF PARTICLE SIZE 
 
One sample, B-212/212a (86-96 bgs), was ground to varying sizes and the Kd value of each 
size fraction was measured (Table 7). 
 

Table 7.  Kd values as a function of particle size (averages of two replicates). 
Co Sr Cs 

Boring 
Part. Size 
(microns) 

Solid 
Phase 

Kd 
(mL/g) stdev 

Kd 
(mL/g) stdev 

Kd 
(mL/g) stdev 

B-212/212a (86-96 bgs) 10 Matrix 300.3 0.0 8.3 0.0 8.5 0.3 
B-212/212a (86-96 bgs) 100 Matrix 359.5 45.0 7.6 0.8 11.2 0.1 
B-212/212a (86-96 bgs) 1000 Matrix 252.6 111.7 2.3 0.9 3.0 0.2 
B-212/212a (86-96 bgs) 10000 Matrix 26.1 2.2 0.7 0.4 1.0 0.3 

 
 
The key findings from these samples are: 
 

• There was not a significant difference between the Kd values of the 10µm and 100µm 
samples. 

 
• For particles in the range of 100 to 10,000 µm, there was the expected inverse 

relationship between size and Kd values.  Regression analysis between Kd values and 
particles in the 100 to 10,000 µm size range indicated that there was a significant 
relationship between particle size and Co Kd (R2 = 0.84; n = 6; P ≤0.01), but not with 
Cs Kd (R2 = 0.50; n = 6; P ≤ 0.011) or Sr Kd ((R2 = 0.53; n = 6; P ≤ 0.10).  Regression 
correlations became significant for Sr and Cs when the Kd values were 
logarithmically transformed: log(Sr-Kd): R2 = 0.97, n = 6, P ≤ 0.0004; and log(Cs-
Kd): R2 = 0.88, n = 6, P ≤ 0.02.  Additional descriptive statistics, including the 
regression equations, are included in Appendix B. 
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3.3 Kd VALUES OF FINELY- VERSUS COARSE-GROUND SAMPLES 
 
There were five paired samples of finely ground (10µm) and coarse ground (10,000 µm) rock 
material for which Kd values were measured (Table 8). 
 

Table 8.  Kd values of finely- versus coarse-ground samples (averages of two replicates). 

Co Sr Cs 

Boring 

Part. 
Size 

(µm) 
Solid 
Phase 

Kd 
(mL/g) stdev 

Kd 
(mL/g) stdev 

Kd 
(mL/g) stdev 

B-205, 98-100 bgs 10 Fracture 493.9 298.7 13.8 1.3 106.4 26.8 
B-205, 98-100 bgs 10000 Fracture 74.1 15.1 1.9 1.5 3.0 0.8 
B-305 (64-64.5 bgs) 10 Fracture 549.5 53.4 14.2 2.5 24.7 2.8 
B-305 (64-64.5 bgs) 10000 Fracture 19.2 0.0 8.2 7.2 6.5 0.6 
B-627 (66.5 -76.5 bgs) 10 Fracture 387.7 381.6 33.9 6.6 1035.1 374.6 
B-627 (66.5 -76.5 bgs) 10000 Fracture 4.4 2.6 13.4 3.4 93.8 34.4 
B-212/212a (86-96 bgs) 10 Fracture 735.6 162.5 34.4 7.3 110.2 25.3 
B-212/212a (86-96 bgs) 10000 Fracture 24.6 3.8 0.9 0.1 2.1 0.1 
B-212/212a (86-96 bgs) 10 Matrix 300.3 0.0 8.3 0.0 8.5 0.3 
B-212/212a (86-96 bgs) 10000 Matrix 26.1 2.2 0.7 0.4 1.0 0.3 
         

   
 Mean 

avg 
Mean 
stdev 

Mean 
avg 

Mean 
stdev 

Mean 
avg 

Mean 
stdev 

Average 10  493.4 166.0 20.9 12.3 257.0 437.4 
 10000  29.7 26.3 5.0 5.6 21.3 40.6 
10µm/10000µm Ratio   16.6  4.2  12.1  

 

 The key findings from these samples are: 

 
• As expected, the 10µm fraction Kd values were always much greater than the 

corresponding 10,000µm fraction Kd values.  The 10µm/10,000µm ratios were 16.6 
for Co, 4.2 for Sr, and 12.1 for Cs.  This ranking is the same as the ranking of overall 
Kd values. 

 
• Ranking of overall Kd values for both fine and coarse samples are: Co > Cs > Sr; 

except B-627 (66.5 to 76.5 bgs), which was Cs > Co > Sr.  Regarding the exception, 
both the 10µm and 10,000µm samples followed this trend, providing added credence 
that this exception [B-627 (66.5 to 76.5 bgs)] was real and not some experimental 
artifact.  Such unique sorption behavior may be attributed to the mineralogy of the B-
627(66.5 to 76.5 bgs) sample compared to the other rock samples.  Effects of 
mineralogy are discussed in Section 3.6.  

 
Differences between matrix and fracture Kd values will be discussed in the next section. 
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3.4 Kd VALUES OF SAMPLES RECOVERED FROM FRACTURES VERSUS 
FROM THE MATRIX 

 
Samples were collected from one rock sample at two locations, along a naturally formed 
fracture and within the rock matrix (away from fractures, within the bulk portion of the rock 
sample (Table 9). 
 

Table 9.  Kd values of fracture vs. matrix samples (averages of two replicates). 
Co Sr Cs 

Boring 

Part. 
Size 

(µm) 
Solid 
Phase 

Kd 
(mL/g) stdev 

Kd 
(mL/g) stdev 

Kd 
(mL/g) stdev 

B-212/212a (86-96 bgs) 10 Fracture 735.6 162.5 34.4 7.3 110.2 25.3 
B-212/212a (86-96 bgs) 10000 Fracture 24.6 3.8 0.9 0.1 2.1 0.1 
B-212/212a (86-96 bgs) 10 Matrix 300.3 0.0 8.3 0.0 8.5 0.3 
B-212/212a (86-96 bgs) 10000 Matrix 26.1 2.2 0.7 0.4 1.0 0.3 

 

 The key findings from these samples are: 

 
• Co, Sr, and Cs Kd values of finely ground (10µm) rock samples were greater in 

samples collected along the fracture than in comparable bulk matrix samples. 
 

• Co and Sr Kd values for coarse-ground (10,000µm) were similar between fracture and 
matrix materials.  Cs Kd values of the coarse materials were >2x greater in the 
fracture compared to the matrix rock. 

 
3.5 Kd VALUES OF THE SOIL SAMPLES AND THE 10µm ROCK SAMPLES 

FROM THREE ROCK LITHOLOGIES  
 
The 10µm fraction was the most common rock size fraction analyzed.  There were three rock 
lithologies sampled (Table 3).  The only unusual sample was B-333(63-66 bgs), classified as 
a partially weathered rock (PWR).  It was not a solid rock like the other samples.  Instead it 
could be easily crushed by hand.  This sample was crushed by hand and then the fines were 
ground to ~10µm, as requested in the work instructions. 
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Table 10.  Kd values of 10µm rock samples (averages of two replicates). 

Co Sr Cs 

Boring 
Part. 
Size  Lithology 

Solid 
Phase 

Kd 
(mL/g) stdev 

Kd 
(mL/g) stdev 

Kd 
(mL/g) stdev 

B-305 (64-64.5 bgs) 10µm Bedrock Fracture 549.5 53.4 14.2 2.5 24.7 2.8 
B-627 (66.5 -76.5 
bgs) 10µm Bedrock Fracture 387.7 381.6 33.9 6.6 1035.1 374.6 
B-205 (98-100 bgs) 10µm Bedrock Fracture 493.9 298.7 13.8 1.3 106.4 26.8 
B-212/212a (86-96 
bgs) 10µm Bedrock Fracture 735.6 162.5 34.4 7.3 110.2 25.3 
B-305 (59-60 bgs) 10µm MWR(a) Fracture 788.7 399.6 83.5 24.8 140.2 91.9 
B-327 (56-59 bgs) 10µm MWR Fracture 658.1 323.4 86.8 52.4 99.7 89.4 
B-333 (63-65 bgs) 10µm PWR Fracture >1433.4 682.2 134.8 31.7 730.4 8.9 
B-212/212a (#18 
(58.5-60 bgs) <2mm PWR Soil 390.8 370.5 45.0 22.6 81.5 2.9 
B-627 #14 (47-
48.5bgs); #15 (53.5-
55 bgs) <2mm PWR Soil 

1105.3 891.1 
63.9 0 2240.3 942.7 

B-620 #12 (38.5-40 
bgs) <2mm Saprolite Soil 415.9 188.5 38.5 2.5 71.0 7.4 
B-627 #9 (23.5-25 
bgs) <2mm Saprolite Soil 1576.4 727.0 67.9 25.6 512.6 283.3 
B-212/212a (#14 
(48.5-50 bgs) <2mm Saprolite Soil 676.1 63.7 62.0 0.3 89.3 0.2 
          

    
mean 

avg 
mean 
stdev 

mean 
avg 

mean 
stdev 

mean 
avg 

mean 
stdev 

Soil Average <2mm Saprolite Soil 889.5 609.0 56.1 15.5 224.3 249.9 
Bedrock Average 10µm Bedrock Fracture 541.7 145.7 24.1 11.6 319.1 479.0 
MWR Average 10µm MWR Fracture 723.4 92.4 85.2 2.3 120.0 28.6 

PWR Average 10µm PWR 
Fracture

/ Soil >976.5 533.1 81.3 47.3 1017.4 1107 
Overall Average  All All All >708.6 438.7 52.2 36.5 403.2 635.5 
(a) MWR = moderately weathered rock; PWR = partially weathered rock. 

 
The key findings from this data set are: 
 

• Lithology had a significant effect on Kd values.  The ranking of the lithologies by 
their Co Kd values are: PWR > Saprolite > MWR > Bedrock.  For Sr Kd values the 
ranking is:  MWR = PWR > Saprolite > Bedrock.  The variability for the Cs Kd 
values was especially large, making such a ranking inappropriate.   

 
• Ranking elements by their average Kd values: Co > Cs > Sr.  Again, difference may 

be attributed to unique mineralogy of the latter.  As will be presented in the following 
section, the mineralogy varied moderately between the samples, with the most unique 
mineralogy belonging to the easily crushed sample, B-333(63-66 bgs) (Table 11).   A 
discussion of how mineralogy may have influenced Kd values is presented in Section 
3.6. 
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3.6 ROCK CHARACTERIZATION BY X-RAY DIFFRACTION, X-RAY 

FLUORESCENCE AND BET SURFACE AREA 
 
X-ray diffraction (XRD; Table 11) X-ray fluorescence (XRF; Table 12), and BET surface 
area analyses (Table 13) were conducted on seven samples.  XRD provides information 
about the mineralogy of crystalline minerals. XRF provides element concentration data of 
solids.  BET surface area provides specific surface area data. 
 
The actual XRD spectra are presented in Appendix B and the QA standard is presented in 
Appendix E (Figure 2).  The minerals identified in the samples by XRD are consistent with 
the type of rock material known to exist at the site (Table 11).  The one exception was for 
sample B-205 (98-100 bgs), where hematite and kaolinite were detected.  These minerals are 
not common in diorite, but perhaps reflect the presence of some weathering products.  
 
The mica minerals, biotite and muscovite, are present in all samples and are well known to be 
strong sorbing minerals of Cs (Krupka et al. 1999b).  Cs sorbs strongly to these minerals 
because its ionic radius (as well as hydrated radius) fits very well into the interlayers of the 
mineral structure (especially of frayed edge sites common in the micacious mineral, illite).  
Of the two samples that had the greatest Kd values, “B-627 (66.5-76.5)” and “B-627 #14 (47-
48.5bgs) #15 (53.5-55 bgs),” only the former had XRD analysis conducted on it, and it 
contained biotite.  Comparing the Cs Kd values of the 10µm rock samples (Table 10), the 
lowest value was 24.7 mL/g measured in sample B-305 (64-64.5 bgs).  This sample also had 
some biotite, albeit less than B-627 (66.5-76.5) (See spectra in Appendix B), and also quartz, 
ferroparagasite, and anorthite, all minerals that are not expected to have a high affinity for 
Cs.   
 
Strontium is well known to sorb via cation exchange.  Therefore, mineral surface charge and 
surface area are especially important.  Comparing the Sr Kd values of the 10µm rock samples 
(Table 10), the lowest values were 14.2 and 13.8 mL/g measured in samples B-305 (64-64.5 
bgs) and B-205 (98-100 bgs), respectively.  The largest Sr Kd value was measured in sample 
B-333(63-66).  XRD was performed on all three samples.  It is not clear which specific 
mineral(s) were likely responsible for these differences.  (As will be noted in the following 
discussions regarding surface area (Table 13), this sample had the greatest surface area, and 
thus this attribute, rather than the specific mineralogy, is likely responsible for the high Sr 
sorption by this sample.) 
 
Cobalt also sorbs to mineral surfaces by cation exchange and via inner sphere sorption.  The 
highest Co Kd values were measured on samples B-333 (63-65 bgs) (which also sorbed large 
amounts of Sr) and B-627 #9 (23.5-25 bgs).  XRD was conducted on the former, but not the 
latter sample.  Apparently the assembly of dickite, biotite, microcline and albite are strong 
sorbing agents of cations.  Quartz has little charge or surface area and is well known to sorb 
solutes weakly. 
 
The QA standards ran at the start and end of the sample XRF samples were within tolerances 
(Appendix E).  The elemental concentrations were consistent between both replicates (Table 
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12).   The high Fe2O3 and SiO2 concentrations are expected for this suite of minerals 
identified by XRD (Table 11).  The highest Fe2O3 concentration was measured in sample B-
212/212a (86-96 bgs), consistent with the mineral identification by XRD of the Fe-containing 
minerals, ferrosilite and biotite.  The highest K2O concentration was measured in sample B-
333 (63-65 bgs), consistent with the mineral identification by XRD of the K-containing 
minerals, microcline and biotite,  
 
BET sample and reference material results are presented in Table 13.  It is important to note 
that the surface area of the samples is controlled by the mineralogy, and perhaps more 
importantly by how and to what extent they were ground.  As such, it is important to note 
that the surface areas are all quite similar, i.e., within an order of magnitude of each other.  
This is important because it indicates that the grinding processes did not create any 
experimental artifacts for the Kd measurement (i.e., sorption would be expected to increase 
with increases in surface area, to the extent the samples were ground). The surface areas did 
not correlate with the lithology.  The sample B-333(63-66 bgs) was the unique sample that 
was easy to crush by hand, much like a cemented sand sample.  This sample had the highest 
Sr and Co Kd values, and quite high Cs Kd values (Table 10).  
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Table 11.  XRD of seven rock samples (10µm). 

 
SRNL # Sample Lithology Rock type(b) Minerals Comments 

401 B-205 (98-100 bgs) Bedrock Quartz diorite with 
quartz dikes 

quartz, albite, hematite, kaolinite, 
biotite, hornblende 

Surprised to see hematite and kaolinite in a diorite, 
perhaps weathering products. 

403 B-212/212a (86-96 
bgs) 

Bedrock Hornblend gneiss quartz, plagioclase, 
magnesiohornblend, ferrosilite, 
anthophylite, kaolinite, biotite 

Anthophylite is a questionable match.  Ferrosilite 
is the best match for the pyroxene phase; 
Ferrohornblende for the amphibole phase 

409 B-305 (64-64.5 bgs) Bedrock Amphibolite Schist quartz, ferropargasite, anorthite, 
biotite 

 

411 B-305 (59-60 bgs) MWR(a)  Granodiorite quartz, microcline, albite, biotite, 
ferrohornblende 

 

412 B-327 (56-59 bgs) MWR Quartz, biotite, 
hornblend plagioclase 
gneiss 

quartz, plagioclase, muscovite, 
kaolinite 

 

413 B-333 (63-65 bgs) PWR(a) Granodiorite quartz, dickite, biotite, 
microcline, albite 

Dickite is a slightly better match to the identified 
peaks than kaolinite; dickite exists in Graves Mt, 
GA. 

414 B-627 (66.5 -76.5 
bgs) 

Bedrock Granodiorite quartz, clinochlore, microcline, 
biotite, albite 

 

(a)  MWR = moderately weather rock ; PWR = partially weathered rock 
(b) Rock type provided by Clay Sams (MACTEC, Charlotte, NC). 
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Table 12.  XRF of seven rock samples (10µm) conducted in duplicate. 

 
SRNL  # Sample Lithology Material SiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O TiO2 P2O5 LOI(b) 

401-a B-205, 98-100 bgs Bedrock Fracture 60.01 15.48 7.23 0.114 2.27 4.44 4.29 2.07 1.21 0.624 2.19 
401-b    60.10 15.52 7.23 0.112 2.26 4.44 4.28 2.06 1.22 0.576 2.21 

403-a 
B-212/212a (86-96 
bgs) Bedrock Fracture 48.25 17.74 11.53 0.192 8.29 9.98 1.24 0.49 0.88 0.184 1.24 

403-b    48.25 17.71 11.54 0.192 8.31 10.00 1.24 0.49 0.88 0.182 1.22 

409-a 
B-305 (64-64.5 
bgs) Bedrock Fracture 55.47 15.82 9.13 0.179 4.35 9.46 3.46 0.83 0.68 0.136 0.50 

409-b    55.49 15.81 9.15 0.178 4.36 9.46 3.45 0.82 0.68 0.108 0.49 
411-a B-305 (59-60 bgs) MWR Fracture 63.66 16.27 5.12 0.119 1.28 2.98 3.50 4.54 0.90 0.295 1.35 
411-b    63.71 16.30 5.12 0.118 1.28 2.97 3.50 4.52 0.90 0.240 1.34 
412-a B-327 (56-59 bgs) MWR Fracture 70.75 14.98 3.01 0.087 0.95 2.41 3.03 1.95 0.53 0.049 2.25 
412-b    71.00 14.92 2.96 0.087 0.91 2.39 3.01 1.92 0.52 0.091 2.21 
413-a B-333 (63-65 bgs) PWR Fracture 67.05 15.21 5.69 0.16 0.96 0.45 0.71 4.38 0.91 0.093 4.40 
413-b    66.94 15.28 5.71 0.16 0.96 0.45 0.72 4.39 0.92 0.162 4.33 

414-a 
B-627 (66.5 -76.5 
bgs) Bedrock Fracture 60.72 16.24 7.52 0.086 1.85 2.03 3.73 3.24 1.26 0.395 2.93 

414-b    60.63 16.25 7.55 0.087 1.86 2.06 3.75 3.27 1.27 0.357 2.90 
(a) Samples prepared by fusing 1.5 g sample, 7.5 g lithium tetraborate, 0.45 g lithium fluoride and 2 drops of 100 µL of a 44 wt% lithium bromide solution ground 
in an agate mortar and pestle, and fired at 1000C for 15 min.  The disks were polished to 1 µm before running XRF. 
(b) LOI = loss on ignition; LOI was done by heating a 3 g  sample two times at 1000 C for 1 hr.   
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Table 13.  Surface area of seven rock samples (10µm). 

 
Description Lithology Surface Area (m2/g) 
SRNL standard.  Target = 2.85 ± 0.09 m2/g  2.84 
B-205, 98-100 bgs Bedrock 7.4 
B-212/212a (86-96 bgs) Bedrock 6.2 
B-305 (64-64.5 bgs) Bedrock 2.2 
B-305 (59-60 bgs) MWR 6.0 
B-327 (56-59 bgs) MWR 3.2 
B-333 (63-65 bgs) PWR 11.3 
B-627 (66.5 -76.5 bgs) Bedrock 8.8 

SRNL standard.  Target = 2.85 ± 0.09 m2/g 
 
 

 
2.84 
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R&D Directions: 
Kd Measurements of VC Summer Site Rock/Sediment Samples 

 
Objective  
 
Measure Co, Cs, and Sr Kd values of 20 rock/sediment samples collected from the VC 
Summer, in South Carolina.  Because these Kd values will be used in a reactive transport 
code as part of a Early Site Permit Project, all attempts will be made to make the 
experimental conditions of the tests representative of an accidental release.  These 
measurements will include site-specific sediments, site-specific groundwater, and 
radionuclides concentrations that are in the linear sorption range.  The linear sorption range is 
the lower range in an adsorption isotherm (x-axis: aqueous solute concentration, y-axis: 
sorbed concentration) before non-linearity occurs (the result of limitations of sorption sites 
with respect to aqueous radionuclide concentrations).1  Furthermore, the sediments were pre-
equilibrated with the groundwater prior to spiking with radionuclides, again to minimize 
“shocking the chemistry” and to provide a measure of steady state conditions, as implied by 
the Kd construct. 
 
The following method is taken from ASTM D 4646: Standard test method for 24-hr batch-
type measurement of contaminant sorption by soils and sediments. 
 
Materials 
 

1. 20 rock/sediment samples from the VC Summer site (Table 14) 
2. four VC Summer site groundwater samples 
3. 3 µCi source of Radionuclide Mixture Option 4 from Analytics, Inc. 

(http://www.analyticsinc.com/prod01.htm) 
4. 15-mL centrifuge tubes 
5. sandwich baggies 
6. large weighing boats 
7. 0.1-µm syringe filters 
8. 4-M NaOH 
9. Sieves: #500 (25-µm), #400 (38-µm), #200 (75-µm), #170 (90-µm), #140 (106-µm), 

#120 (125-µm), #100 (150-µm), #25 (710-µm), #20 (850-µm), #18 (1000-µm), #16 
(1180-µm), #14 (1400-µm). 

 
 

Methods 
1. Preparing crush rock samples:  The rock will come in two-inch (5-cm) diameter 

cores and will need to be crushed into 6 different sizes. 

                                                 
1 From a risk assessment point of view, it is important not to promote precipitation of the radionuclide by 
introducing too high a spike concentration into the sediment-groundwater system.  This may be construed by 
regulators and reviewers of the ESP as a non-conservative estimate of the sorption capacity of the sediment for 
the radionuclide.  Additionally, this may result in the precipitation of radionuclide to glassware, an experimental 
artifact that would be difficult (costly) to identify.  
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a. Using the Westward 6-ton hydraulic press, cut ~0.5-cm thin slices from the 
various core samples as described in the file associated with the Statement of 
Work “SCEG Kd Sample Location 092106rev_mfc.xls”.  These slices will 
then be used to create all the other size particles. 

b. 1-cm2 sized particles:  Using a chisel and hammer, break up thin sections from 
Step #1a to approximately 1-cm2.  Make a dozen pieces.  We will select only 
1 or 2 pieces per sorption test, depending on weight.  (Samples 402, 404, 410, 
415, 408) 

c. 10-µm2 sized particles:  Using a chisel and hammer, break up thin sections 
from Step #1a to ~1-cm2 pieces.  Place approximately 20 g in Spex 8510 
Shatter box for 5 minutes, grind, and pass through #400 (38-µm) and #500 
(25-µm) sieves.  Save the 25 to 38 µm fraction. (Samples 401, 403, 409, 411, 
412, 414). 

d. 100- and 1000-µm2 sized particles.  Using a chisel and hammer, break up thin 
sections from Step #1a to ~1-cm2 pieces.  Place ~100-g of these pieces in a 
jaw crusher (Retsch Jaw Crusher Type BB51 with tungsten carbide plates) for 
10 minutes, then take the <1.4-mm fraction (#14 sieve) and place them in a 
shatter box (Spex 8510 Shatterbox) for 10 seconds.  Pass particles through 
sieves (1400, 1180, 1000, 850, 710, 150, 125, 106, 90, and 75 µm) and shake 
on an AS200 Analytical Sieve Shaker (Type AS200 Digit).  Take the <75-µm 
(#200 sieve) material and put in a Spex 8000 mixer/mill for 10 seconds and 
then in a Spex 8510 Shatter box for 5 min.  Then pass this material through a 
25-µm (#500 sieve).  Depending on the percentages of materials in each size 
fraction, we will combine fractions to define the “100-µm2” and the “1000-
µm2” fractions. (Samples #406 and #407). 

 
2. Preparing sediment (jar) samples:  Mix field-moist sediments in jars.  Transfer to a 

labeled aluminum weighing boats and place in oven at 85°C until no weight change is 
noted. (Samples 416, 417, 418, 419, 420) 

3. Record “Tube Tare (g)” weight (without cap) of labeled 15-mL centrifuge tube. 
4. Add 0.5±0.01-g soil to each tube.  Weigh and record “Soils (g)” 
5. Add 12-mL of appropriate groundwater to each tube as defined in Table 1.  Note 

there are 4 different types of groundwater.  Put on shaker for overnight.  Let sit for 1 
hr.  Decant liquid.  If solids do not separate from the liquid, centrifuge at 15 min 6000 
rpm.  Then decant liquid.  Throw away liquid.  Error on the side of leaving liquid in 
tube rather than accidentally losing clays down the drain.  Add 10 mL of groundwater 
to each tube.  Also add 10-mL groundwater to the “No-soil Controls.  Record weight 
of each tube in “Tube + soils + Equil + GW (g)” 

6. Add 74-µL 4-M NaOH to each tube. This is to compensate for the acidity in the 
radionuclide spike solution.2 

                                                 
2 Initially, 64 µL of 4M NaOH was added to each tube.  pH measured for tube #138 (sand) was ~3; pH for tube 
#130 (clay) was ~2-3.  For tube #110 (clay), another 50 µL of 4M NaOH was added; pH was then ~12-13.  For 
tubes #130 (clay) and #138 (sand), another 10 µL of 4M NaOH was added; pH was ~5 for tube #130 and ~6 for 
tube #138.  100 µL of 1M HCl was added to tube #110 (clay) in an effort to bring down the pH; after the 
addition, pH was ~10. Based on these pH tests, it was decided to add 10 µL of 4M NaOH to the other tubes to 
make a total of 74 µL of 4M NaOH added to each tube (excluding tube #110). 
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7. Measure pH of 402-A, 405-A, 416-A, and 417-A. 
8. Move rack of tubes to hood.  Add 80-µL of radionuclide spike solution to each tube.  

Also add this to the No-soil Controls, Tube #421-A, -B, &-C.  Gently shake or swirl 
tube sediment and solution in each tube. 

9. Using litmus paper, test the pH of a few samples (e.g., 402-A, 405-A, 416-A, and 
417-A). 

10. Leave samples in rad hood for minimum of 2 days. 
11. Collect liquids by drawing liquids into a syringe and then passing liquid through a 

0.1-µm filter. 
12. Submit to Analytical Development Section for gamma spec analysis, rush order.  

Note in your order that the only important rads are 60Co, 90Sr, and 137Cs. 
 
Hazards Assessment Package: 
 
 SRNL-EST-2006-00-93:  for everything except for breaking up rocks. 
 SRNL-ADD-2006-00111: for breaking up rocks (step 1 in procedure). 
 
Hazards:   
 

Radionuclides, ~3 mL of strong acids, ~3 mL of strong base 
 
Hazards Mitigation:   
 
 Radionuclides:  Follow training of Rad Worker II, 
 Strong Acid:  wear appropriate gloves and as always protective eye ware 
 Strong Base:  wear appropriate gloves and as always protective eye ware, 
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Table 14.   Sediment descriptions and weights during Kd measurements. 

 

Tube # Boring 
Part. 
Size 
(µm) 

Rep Ground-
water Tube Tare (g) Soil (g) 

Tube + Soil + 
Equil + GW 

(g) 
Method 
Step    (5) (3) 

 (4) (6) 

        
401-A B-205, 98-100 bgs 10 1 205a    
401-B 
   2     

402-A 
  10,000 1 205a    

402-B 
   2     

403-A B-212/212a (86-96 
bgs) 10 1 205a    

403-B 
   2     

404-A 
  10,000 1 205a    

404-B 
   2     

405-A 
  10 1 205a    

405-B 
   2     

406-A 
  100 1 205a    

406-B 
   2     

407-A 
  1000 1 205a    

407-B 
   2     

408-A 
  10,000 1 205a    

 
408-B   2     

409-A B-305 (64-64.5 bgs) 10 1 305a    
409-B 
   2     

410-A 
  10,000 1 305a    

410-B 
   2     

411-A 
 B-305 (59-60 bgs) 10 1 327    

411-B 
   2     
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Tube # Boring 
Part. 
Size 
(µm) 

Rep Ground-
water Tube Tare (g) Soil (g) 

Tube + Soil + 
Equil + GW 

(g) 

Method 
Step     

 
(3) 

 
(4) (6) 

        
412-A 
 B-327 (56-59 bgs) 10 1 327    

412-B 
   2     

413-A B-333 (63-65 bgs) 10 1 327    
413-B 
   2     

414-A B-627 (66.5 -76.5 
bgs) 10 1 305a    

414-B 
   2     

415-A 
  10,000 1 305a    

415-B 
   2     

416-A B-212/212a (#14 
(48.5-50 bgs) Soil 1 212    

416-B 
   2     

417-A B-212/212a (#18 
(48.5-50 bgs) Soil 1 212    

417-B 
   2     

418-A B-620 #12 (38.5-40 
bgs) Soil 1 212    

418-B 
   2     

419-A B-627 #9 (23.5-25 
bgs) Soil 1 327    

419-B 
   2     

420-A 
 

B-627 #14 (47-
48.5bgs); #15 (53.5-
55 bgs) 

 1 327    

420-B 
   2     

421-A 
 No-soil control  1 205a    

421-B 
   2     

421-C 
   3     
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APPENDIX B.  Raw Kd Data and Statistics 
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Table 15.  Raw Data Used to Calculate Kd values. 
 

Tube # Boring Part. Size 
(microns) Rep Groundwater Soil (g) Aqueous 

Vol (mL)  Co  
(dpm/mL) 

Sr 
(dpm/mL) 

Cs 
(dpm/mL)  Co Kd 

(mL/g) 
Sr Kd 
(mL/g) 

Cs Kd 
(mL/g) 

               

401-A B-205, 98-
100 bgs 10 1 205a 0.4983 10.0458  1.02E+02 1.61E+04 3.52E+03  282.6 12.9 125.3 

401-B   2  0.4994 10.0232  4.24E+01 1.52E+04 4.74E+03  705.1 14.8 87.5 
402-A  10,000 1 205a 1.8253 10.0126  1.22E+02 2.29E+04 1.75E+04  63.4 0.8 2.5 
402-B     2   1.794 9.9656   9.42E+01 1.72E+04 1.55E+04   84.8 3.0 3.5 

403-A 
B-212 
/212a (86-
96 bgs) 

10 1 205a 0.5002 10.1285  4.84E+01 1.08E+04 4.57E+03  620.7 29.2 92.3 

403-B   2  0.4935 10.1001  3.60E+01 9.01E+03 3.50E+03  850.5 39.5 128.1 
404-A  10,000 1 205a 1.9086 10.0281  2.96E+02 2.22E+04 1.83E+04  21.9 1.0 2.0 
404-B     2   1.287 10.0589   3.41E+02 2.37E+04 1.98E+04   27.3 0.9 2.2 
405-A  10 1 205a 0.5082 10.0837  3.53E+02 2.10E+04 1.77E+04  66.3* 5.1* 8.6 
405-B   2  0.4997 10.0557  9.62E+01 1.87E+04 1.80E+04  300.3 8.3 8.3 
406-A  100 1 205a 0.5029 10.0184  8.78E+01 1.95E+04 1.63E+04  327.7 7.0 11.1 
406-B   2  0.4948 9.9967  7.52E+01 1.88E+04 1.63E+04  391.4 8.2 11.3 
407-A  1000 1 205a 0.5043 10.0076  8.65E+01 2.30E+04 2.20E+04  331.6 2.9 3.1 
407-B   2  0.5067 9.9719  1.56E+02 2.43E+04 2.22E+04  173.6 1.7 2.8 
408-A  10,000 1 205a 1.3694 9.9514  3.19E+02 2.32E+04 2.19E+04  27.6 1.0 1.2 
408-B     2   1.4298 9.9106   3.38E+02 2.48E+04 2.29E+04   24.5 0.4 0.8 

409-A B-305 (64-
64.5 bgs) 10 1 305a 0.492 10.3344  6.04E+01 1.66E+04 1.22E+04  511.8 12.4 22.7 

409-B   2  0.4939 10.0486  5.13E+01 1.48E+04 1.10E+04  587.2 15.9 26.6 
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Tube # Boring Part. Size 
(microns) Rep Groundwater Soil (g) Aqueous 

Vol (mL)  Co  
(dpm/mL) 

Sr 
(dpm/mL) 

Cs 
(dpm/mL)  Co Kd 

(mL/g) 
Sr Kd 
(mL/g) 

Cs Kd 
(mL/g) 

410-A  10,000 1 305a 0.9814 9.9052  2.32E+03 1.14E+04 1.51E+04  -3.4* 13.3 6.9 
410-B     2   1.228 9.8521   4.52E+02 1.90E+04 1.45E+04   19.2 3.1 6.0 

411-A B-305 (59-
60 bgs) 10 1 327 0.494 9.9629  5.87E+01 6.18E+03 5.37E+03  506.2 66.0 75.2 

411-B   2  0.5025 10.0217  2.80E+01 4.35E+03 2.25E+03  1071.3 101.1 205.2 

412-A B-327 (56-
59 bgs) 10 1 327 0.4968 10.0296  3.41E+01 3.70E+03 2.80E+03  886.8 123.9 162.9 

412-B   2  0.4996 9.7496  6.66E+01 7.43E+03 8.85E+03  429.4 49.8 36.5 

413-A B-333 (63-
65 bgs) 10 1 327 0.4993 10.2923  3.25E+01 3.06E+03 7.03E+02  951.1 157.2 724.2 

413-B     2   0.5015 10.3322 < 1.63E+01 4.09E+03 6.91E+02 > 1915.8 112.4 736.7 

414-A 
B-627 
(66.5 -76.5 
bgs) 

10 1 305a 0.502 10.1386  2.24E+02 9.07E+03 6.49E+02  117.9 38.6 770.2 

414-B   2  0.503 10.1697  4.57E+01 1.08E+04 3.89E+02  657.6 29.2 1299.9 
415-A  10,000 1 305a 1.6772 9.9074  7.46E+02 9.23E+03 1.99E+03  6.2 11.0 69.5 
415-B     2   1.1186 9.8384   1.19E+03 9.43E+03 1.76E+03   2.5 15.8 118.1 

416-A 

B-
212/212a 
(#14 
(48.5-50 
bgs) 

Soil 1 212 0.5082 10.4313  4.24E+01 6.55E+03 4.74E+03  721.1 62.2 89.5 

416-B   2  0.4987 10.0924  4.76E+01 6.51E+03 4.70E+03  631.1 61.8 89.1 
417-B   2  0.5033 10.1283  2.07E+02 1.08E+04 5.12E+03  652.8 29.1 79.7 

418-A 
B-620 #12 
(38.5-40 
bgs) 

Soil 1 212 0.5402 10.0511  5.02E+01 8.34E+03 5.60E+03  128.8 40.3 65.8 

418-B   2  0.4979 9.9322  1.01E+02 9.29E+03 5.27E+03  549.2 36.7 76.2 

419-A 
B-627 #9 
(23.5-25 
bgs) 

Soil 1 327 0.5026 10.4105  2.93E+01 7.76E+03 1.58E+03  282.6 49.8 312.3 
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Tube # Boring Part. Size 
(microns) Rep Groundwater Soil (g) Aqueous 

Vol (mL)  Co  
(dpm/mL) 

Sr 
(dpm/mL) 

Cs 
(dpm/mL)  Co Kd 

(mL/g) 
Sr Kd 
(mL/g) 

Cs Kd 
(mL/g) 

419-B   2  0.5076 10.6337  1.52E+01 5.17E+03 7.25E+02  2090.5 86.0 713.0 

420-A 

B-627 #14 
(47-
48.5bgs); 
#15 (53.5-
55 bgs) 

 1 327 0.505 10.4612  6.40E+01 6.46E+03 3.30E+02  475.2 63.9 1573.7 

420-B   2  0.4985 10.4005  1.82E+01 5.37E+02 1.81E+02  1735.3 1004.8* 2907.0 

421-A No-soil 
control  1 205a 0 10.1762  1.71E+02 3.03E+04 2.90E+04     

421-B   2  0 9.8936  4.23E+03 1.79E+04 1.69E+04     
421-C   3  0 9.8578  1.95E+02 3.10E+04 3.03E+04     

* Suspect analytical results, this replicate not included in Kd calculations. 
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Table 16.  Regression Analysis of Particle Size vs. Co, Sr, and Cs Kd Values 
 
Co Kd (mL/g) vs. Particle Size (Table 7; 100nm to 10,000 nm) 

Regression Statistics      
Multiple R 0.916345      
R Square 0.839689      
Adjusted R 
Square 0.799611      
Standard Error 72.31891      
Observations 6      
       
ANOVA       

  df SS MS F 
Significance 

F  
Regression 1 109576.7 109576.7 20.95148 0.010204  
Residual 4 20920.1 5230.024    
Total 5 130496.8        
       

  Coefficients 
Standard 

Error t Stat P-value Lower 95% 
Upper 
95% 

Intercept 324.5962 38.32658 8.46922 0.001065 218.1844 431.0081 
Co Kd (mL/g) -0.03023 0.006605 -4.57728 0.010204 -0.04857 -0.01189 

 
 
 
Cs Kd (mL/g) vs. Particle Size (Table 7; 100nm to 10,000 nm) 

Regression Statistics      
Multiple R 0.710299      
R Square 0.504525      
Adjusted R 
Square 0.380656      
Standard Error 3853.491      
Observations 6      
       
ANOVA       

  df SS MS F Significance F  
Regression 1 60482428 60482428 4.073057 0.113733  
Residual 4 59397572 14849393    
Total 5 1.2E+08        
       

  Coefficients 
Standard 

Error t Stat P-value Lower 95% 
Upper 
95% 

Intercept 7305.441 2380.422 3.068969 0.03733 696.3161 13914.57 
Cs Kd (mL/g) -715.775 354.6632 -2.01818 0.113733 -1700.48 268.9302 
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Sr-Kd (mL/g) vs. Particle Size (Table 7; 100nm to 10,000 nm) 
Regression Statistics      

Multiple R 0.726353      
R Square 0.527588      
Adjusted R 
Square 0.409486      
Standard Error 3762.735      
Observations 6      
       
ANOVA       

  df SS MS F 
Significance 

F  
Regression 1 63247300 63247300 4.467193 0.102078  
Residual 4 56632700 14158175    
Total 5 1.2E+08        
       

  Coefficients 
Standard 

Error t Stat P-value Lower 95% 
Upper 
95% 

Intercept 7560.588 2386.64 3.16788 0.033927 934.1994 14186.98 
Sr Kd (mL/g) -1087.48 514.5202 -2.11357 0.102078 -2516.02 341.0638 

 
Log(Sr Kd) vs. Particle Size (Table 7; 100nm to 10,000 nm) 

Regression Statistics      
Multiple R 0.983973      
R Square 0.968203      
Adjusted R 
Square 0.960254      
Standard Error 976.1975      
Observations 6      
       
ANOVA       

  df SS MS F 
Significance 

F  
Regression 1 1.16E+08 1.16E+08 121.7973 0.000383  
Residual 4 3811846 952961.6    
Total 5 1.2E+08        
       

  Coefficients 
Standard 

Error t Stat P-value Lower 95% 
Upper 
95% 

Intercept 21788.96 1686.815 12.91722 0.000207 17105.6 26472.32 
logSr Kd -8626.23 781.6319 -11.0362 0.000383 -10796.4 -6456.07 
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Log(Cs Kd) vs. Particle Size (Table 7; 100nm to 10,000 nm) 
Regression Statistics      

Multiple R 0.877924      
R Square 0.77075      
Adjusted R 
Square 0.713438      
Standard Error 2621.187      
Observations 6      
       
ANOVA       

  df SS MS F 
Significance 

F  
Regression 1 92397512 92397512 13.4482 0.021444  
Residual 4 27482488 6870622    
Total 5 1.2E+08        
       

  Coefficients 
Standard 

Error t Stat P-value Lower 95% 
Upper 
95% 

Intercept 8096.537 1606.996 5.038306 0.007291 3634.791 12558.28 
logCs Kd -8846.51 2412.347 -3.66718 0.021444 -15544.3 -2148.75 
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Table 17.  XRF raw data (data used to create Table 12). 

 
XRF VC Summer Samples         
            
            

 SiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O TiO2 P2O5 LOI 
            

236511a 60.01 15.48 7.23 0.114 2.27 4.44 4.29 2.07 1.21 0.624 2.19 
236511b 60.10 15.52 7.23 0.112 2.26 4.44 4.28 2.06 1.22 0.576 2.21 

            
            

236512a 48.25 17.74 11.53 0.192 8.29 9.98 1.24 0.49 0.88 0.184 1.24 
236512b 48.25 17.71 11.54 0.192 8.31 10.00 1.24 0.49 0.88 0.182 1.22 

            
            

236513a 55.47 15.82 9.13 0.179 4.35 9.46 3.46 0.83 0.68 0.136 0.50 
236513b 55.49 15.81 9.15 0.178 4.36 9.46 3.45 0.82 0.68 0.108 0.49 

            
            

236514a 63.66 16.27 5.12 0.119 1.28 2.98 3.50 4.54 0.90 0.295 1.35 
236514b 63.71 16.30 5.12 0.118 1.28 2.97 3.50 4.52 0.90 0.240 1.34 

            
            

236515a 70.75 14.98 3.01 0.087 0.95 2.41 3.03 1.95 0.53 0.049 2.25 
236515b 71.00 14.92 2.96 0.087 0.91 2.39 3.01 1.92 0.52 0.091 2.21 

            
            

236516a 67.05 15.21 5.69 0.16 0.96 0.45 0.71 4.38 0.91 0.093 4.40 
236516b 66.94 15.28 5.71 0.16 0.96 0.45 0.72 4.39 0.92 0.162 4.33 

            
            

236517a 60.72 16.24 7.52 0.086 1.85 2.03 3.73 3.24 1.26 0.395 2.93 
236517b 60.63 16.25 7.55 0.087 1.86 2.06 3.75 3.27 1.27 0.357 2.90 
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Table 18.  Raw BET data (used to make Table 13). 

 
David Missimer 
3/20/2007 
 
Subject: BET results 
 
Dan 
 
Your samples were all degassed at 200 C for 3 hrs.  The standard was degassed at 220C for 4hrs.  
The surface area for the standard is 2.85 +/- 0.09 m2/g. 
We ran a standard before and after your standards. 
 
We are the results: 
    Sample # 
Standard 2.84 m2/g  
236511      7.4 m2/g 401 
236512  6.2 m2/g 403 
236513  2.2 m2/g 409 
236514  6.0 m2/g 411 
236515  3.2 m2/g 412 
236516  11.3 m2/g 413 
236517  8.8 m2/g 414 
Standard 2.84 m2/g 
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APPENDIX C.  XRD Diffractograms 
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Figure 1.  XRD diffractograms. 
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B-212/212a (86-96 bgs) 
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[236512.xrdml] 403 B212/212a Kaplan
00-046-1045> Quartz - SiO2

01-083-1369> Plagioclase - Ca0.65Na0.35(Al1.65Si2.35O8)
01-089-7282> Magnesiohornblende - Ca2Mg4(Al,Fe +3)Si7AlO22(OH)2

00-031-0634> Ferrosilite - (Fe,Mg)SiO3
00-042-0544> Anthophyllite - Mg5Fe2

+2Si8O22(OH)2
00-014-0164> Kaolinite-1A - Al2Si2O5(OH)4

01-072-8210> Biotite - K2(Mg3.15Fe2.59Ti0.17Mn0.09)(Si5.98Al1.92Ti0.10)O20((OH)1.47F1.9
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B-305 (64-64.5 bgs) 
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[236513.xrdml] 409 B305 Kaplan
01-085-1053> Quartz - SiO2

01-085-1423> Ferropargasite - Na0.9K0.4Ca1.94Mg1.84Fe2.78Al2.3Si6.08O22(OH)1.72F0.28
01-085-0878> Anorthite - Na0.48Ca0.52Al1.52Si2.48O8

01-072-8210> Biotite - K2(Mg3.15Fe2.59Ti0.17Mn0.09)(Si5.98Al1.92Ti0.10)O20((OH)1.47F1.9

 
 
B-305 (59-60 bgs) 
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[236514.xrdml] 411 B205 Kaplan
01-083-0539> Quartz - SiO2

00-019-0926> Microcline - KAlSi3O8
00-041-1480> Albite - (Na,Ca)Al(Si,Al) 3O8

01-072-8211> Biotite - K2(Mg3.15Fe2.59Ti0.17Mn0.09)(Si5.98Al1.92Ti0.10)O20((OH)1.47F1.9
00-029-1258> Ferrohornblende - (Na,K)Ca2(Fe,Mg)5(Al,Si) 8O22(OH)2
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B-327 (56-59 bgs) 
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[236515.xrdml] 412 B327 Kaplan
01-085-0865> Quartz - SiO2

01-083-1371> Plagioclase - Ca0.64Na0.35(Al1.63Si2.37O8)
00-007-0042> Muscovite-3T - (K,Na)(Al,Mg,Fe)2(Si3.1Al0.9)O10(OH)2

00-014-0164> Kaolinite-1A - Al2Si2O5(OH)4

 
 
B-333 (63-65 bgs) 
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[236516r.xrdml] 413 63.6/64 Kaplan
01-075-0443> Quartz - SiO2

00-010-0446> Dickite-2M1 - Al2Si2O5(OH)4
01-072-8210> Biotite - K2(Mg3.15Fe2.59Ti0.17Mn0.09)(Si5.98Al1.92Ti0.10)O20((OH)1.47F1.9

01-076-1239> Microcline - K(Si3Al)O8
00-019-1184> Albite - NaAlSi3O8
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B-627 (66.5 -76.5 bgs) 
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[236517.xrdml] 414 59.5/61.3 Kaplan
00-046-1045> Quartz - SiO2

00-029-0701> Clinochlore-1MIIb - (Mg,Fe)6(Si,Al) 4O10(OH)8
01-087-1787> Microcline - K(AlSi3O8)

01-072-8210> Biotite - K2(Mg3.15Fe2.59Ti0.17Mn0.09)(Si5.98Al1.92Ti0.10)O20((OH)1.47F1.9
00-041-1480> Albite - (Na,Ca)Al(Si,Al) 3O8
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APPENDIX D.  Photographs of selected samples after crushing 
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Table 19.  Photographs of selected samples after grinding.  Clockwise starting from top left, 
using SRNL’s labeling system: 408 (10,000µm), 402 (10,000µm), and 404 (10,000µm) and 
403 (10µm). 
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APPENDIX E.  QA Results for Gamma Analyses, XRD, and XRF 
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XRD Analyses QA 
 
One standard was run at the start of the XRD analyses, which were completed all in one day.  
The standard was provided by the manufacturer of the XRD instrument, PANanytical, 
Lelyweg 1, 7602 EA ALMELO, The Netherlands; http://www.panalytical.com/.  To check 
that the instrument is operating correctly, two parameters are checked: the peak location 
(26.640°) and the peak intensity.  Peak intensity does not have a critical value; instead this 
value is compared to other values previously measured from this sample.  When it is ~20% 
of the original value (when the radiation source used in the XRD was new) than it indicates 
that the radiation source needs to be replaced.  In this case the peak intensity denoted in 
Figure 2 indicated <5% reduction, indicating that the gamma source did not need replacing. 

 

Figure 2.  XRD diffractogram of microcrystalline quartz standard (novaculite). 
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[Fix2TunXxcel23-30_0301071c.xrdml] 0301071c

 

Observed Peak Location  26.687° 
Actual Peak Location      26.640° 
 
Peak Intensity                241292 cps 
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Gamma Analyses QA 

 Internal (SRNL) QA standards are measured each morning prior to analyzing any samples.  
All analyses for this project were conducted on four days, March 26, 27, 28, and 29, 2007.  
Following are the QA print outs for each morning’s QA run.  As noted on the bottom of each 
page, a mark in the “Deviation/Flags” column of “In” means the measured value needs to be 
“investigated”, but the instrument is within specifications of the standard.  A 
“Deviation/Flags” comment of “Ac” means the measured value is outside the acceptable 
range and “action” is required.  During the four days, there were a total of nine “investigate” 
flags and zero “action” flags.  This indicates that all measurement QA standards were within 
specification.  There are 2 pages of reports per day. 
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Figure 3. Gamma analyses QA reports for March 26, 27, 28, and 29,2007.

LastMeasur~ment Q.A. Report 3/23/07 7:15:13 AM Page 1

..-** *..* * * ** *.** *.** * *i' * *'**** *_*._* * *'* *'*_* *.*-* * ** *** *** *** *. *::** * * * * *** * ** '* ** * * **"* * ** **-k..** G E N IE QlJ ALl T Y: A S SUR A NeE *****
k *~ *** **** ****** **** * ** * ***** * *** **.*******_* * ~**** *** * **** **** *** * * *** * *

Last Results Report
3/23/07 7:15:13 AM rtt1 0"'

') "
')/ c¡

QA FHe:
Sartple in:
Sample Quant.ity:
Measurement Date:
Elapsed Live Time:
Elapsed Real Time:

C: \ LOWLEV\LLDQAO 0 . QAF'
QA

1.0000E+000
3/23/07 6:59:36 AM

900.0 seconds
902.2 seconds

Parameter Description
(Mean +/- std. Dev. J

Value Deviation/Flags
~ LU : SD : un : BS ~

Am -. 241 Peak energy
(0.00+/-0.00)

Cs -13 7 Peak energy
(0.00+/-0.00)

Co-60 Peak energy
(0.00+/-0.00)

Am-241 Peak FWH
( 7.8680E-001+/- 0.039)

5.9562E+001 0.00
.: )0

6.6189E+002 0.00
.: ;:

0.00
.: ,::

-1. 1755E+000
-c ;:

6.2001E-001
.: ;:

-3.3353E-001
0( )0

1.3328E+003

7.4079E-OOI

Cb ~3 7 Peak FWH
( 1.4132E+OOO+/- 0.052)

1.4455E+000

Co-60 Peak FWHM
t 2.0209E+000+/- 0.094)

1.9896E+000

Am-241 activity
(0.00+/-0.00)

Co-60 activity
(0.00+/-0.00)

Cs-137 activity
(0.00+/-0.00)

1.8677E-002 0.00
'" )0

0.00
.: ;:

0.00
0( ::

7.6834E-003

1.4755E-002

Flags Key: LU
SD
un
BS

Lower /Upper Bounds Test (Ab
Sample Driven N-Sigma 'I'est (In
User Driven N-SIgnia Test (In
Measurement Bias Test (In

Above, Be ~ Below)
Investigate, Ac Action)
Investigate, Ac Action)
Investigate, Ac Action)

Page 52
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3/23/07 7:15:12 AM.' page 1

*-*~**_,__*,**,*,* *:*,**'k;****-.t*;*.*-***-*-*-l*.*.1t*'**,***:*--'I **:**'*.* -k **.* *-*** ** *-** ** * *-* **** * * * **--k-*** * ** G EN IE QUA L :i T Y ASS UR A NeE *** *** w****** * *:*********** *** ************ ***** ****-k******' * * *'** *** *.. ** * ****

Last Results Report
3/23/07 7:15:12 AM

QA File:
Sample ID:
Sample Quantity:
Measurement Date:
Elapsed Live 'l'ime:
Elapsed Real Time:

c: \S)?C2\SPC2QAOO. QAF
QA

1.0000E+OOO
3/23/07 6:59:58 AM

900.0 seconds
902.8 seconds

Parameter Description
(Mean + / - Std. Dev. J

Value

Am-241 Peak energy
(0.00+/-0.00)

Cs-137 Peak énergy
(0.00+/-0.00)

Co-60 Peak energy
(0.00+/-0.00)

Am-241 Peak FWH
(0.00+/-0.00)

Cs-137 Peak FWH
(0.00+/-0.00)

Cl ,0 Péak FWH
(0.00+/-0.00)

Am-241 activity
(0.00+/-0.00)

Co-60 activity
(O.OO+/~O.OOJ

Cs-137 activity
(0.00+/-0.00)

5.9523E+001

6.6148E+002

1.3323E+003

7.4621E-001

1.3232E+OOO

1.721lE+OOO

1.8075E-002

1.1213E-002

1.5771E-002

Flags Key: LU
SD
un
BS

Lower/Upper Bounds Test (Ab
Sample Driven N-Sigma Test (In
User Driven N-SIgma Test (in
Measurement Bias Test (In

Page 53

11 r' ..
1r 0

3"'1.

Deviation/Flags
.: LU : SD : un : BS ;:

0.00
0( ;:

0.00
0( )-

0.00
0( )-

0.00
~ ~

0.00
.: )0

0.00
-c ;:

0.00
0( ;:

0.00
0( )0

0.00
.: )0

Above, Be = Below)
Investigate, Ac Action)
Investigate, Ac Action)
Investigate, Ac Action)
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LastMeàßUr~ent Q.A. Report 3/26/07 8:06:29 AM Pàgf' 1

tl**: * *" _*,_*'k-k.* * ** *''i-'** * ~** **:*.* * "Á' *.*':* **.* 'l'l *' W'*'* *_:*_,* *::*,* *' -*'_*-* * * ,* *.'*.** ** *. *-*** * *:-*.*-*--** _*;'_* 1; *.-*

*** ** ,C E.N IE. QUAL I T Y ASS U R A .N C E **** *
**** .,******'** ***** *******.**.*.w **.***_***.*.*-*-* ***-*-*-_****-*-***'jr,***** *-* *** *_*.'*******

Laat Results E,épo:t:t
3/26/07 8:06:29 AM

t1 ¡t Gt .. Q -1'r1-
QA File:
Sample in:
Sample QUantity:
Méaßurement Date:
El apsed Li vé Time:
Elapsed ~eal Time:

C: \LOWLEV\LLDQAOO . QAF
QA

1.0000E+000
3/26/07 7:51:20 AM

900.0 seconds
902.2 seconds

Parameter Description
(Mean +/- Std. Dev.)

Value Deviation/Flags
-c LU : SD : UD : BS ;,

Am-241 Peak energy
(0.00+/-0.00)

Cs--137 Peak energy
(0.00+/-0.00)

Co- 60 Peak energy
(0.00+/-0.00)

Am.-241 Peak FWHM
( 7.8666E-00l+/- 0.039)

5.954lE+001 0.00
0( :;

6.619lE+002 0.00

CS-137 Peak FW
( 1. 4133E+000+/ - 0.052)

1.4630E+000

0( ::
0.00

0( ;:
-2 .5013E-00I

'" :;

9. 5310E~001
,: ::

-2.4748E-002
-( :;

1.3329E+003

7.7686E-001

Co-GO Peak F'WH
( 2. 020SE+000+/- 0.094)

2.01S5EfOOO

Au)-241 activity
(0.00+/-0.00)

Co-GO activí ty
(0.00+/-0.00)

Cs-137 activity
(0.00+/-0.00)

1. 7718E-002

1.4545E-002

0.00
c: :;

0.00
"" ;.

0.00, ;:

7.7060£-003

Flags Key: LU
SO
UD
BS

Lower/Upper Bounds Test (Ab
Sample Driven l\-Sigma Test (In
User Driven N-SI~ua Test (In
Measurement Bias Test (In

Above, Be = Below)
Investigate, Ac Action)
Investigate, Ac = Action)
Investigate, Ac = Action)

Page 54
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3/26/07 8:0i'l06 AM Page 1

** **-**-1r**:* * **:,* *-l'* *'f* *'ik''k-W-*:*_ik**-* * *'*, *** *'_**-*-_** *** '* **-w-*-* **._** *-*.:*.* **'*-'.**'."k,*-*'*-**'.'***

***** " G E N I E. qUA JJI T Y ,A S SUR AN C E. ***H
** *.*****1i'*.* **''** ** *-*~****_* ** **.** *** *.*** ******** *.** ***-**.*-**_*.**_***_*_********_***

LastResults Rep.ort
3/26/07 B:Q6:06 A'1

QA File:
Sample rD:
Sample Quantity:
Measurement Date:
Elapsed Live Time:
Elapsed Real Time:

c: \SPC2\Sl?C2QAO0 .QAF
QA

1.0000£+000
3/26/07 7:50:55 AM

900.0 seconds
902.7 seconds

Parameter Description
(Mean +/- Std. Dev.)

Value

AII-241 Peak energy
(0.00+/-0.00)

Cs-137 Peak energy
(0.00+/-0.00)

Co~60 Peak energy
(0.00+/-0.001

Am-241 Peak FWHM
(0.00+/-0,00)

Cs-137 Peak FMfM
(0.00+/-0.00)

Co- 60 peak FWlM
(0.00+/-0.00)

Am..241 activity
(0.00+/-0.00)

Co-60 activity
(0.00+/-0.00)

Cs-137 activity
(0.00+/-0.00)

5.9527E+001

6.6146E+002

1.3322E+003

7.1975£-001

1. 28051JJ000

1.6491E+000

1. 670S£-002

1. 0791JJ-002

1.5487E-002

Flags Key: LU
SD
un
BS

Lower /Upper Bounds Test
Sample Driven N-Sigma Test
User Driven N-SIgma Test
Measurement Bias 'fest

Page 55

t1 ¡)

J_.2~-Q-'

Deviation/Flags
.: LU : SD : UD : BS )0

0.00
0( ::

0.00
0( )0

0.00
-c ~

0.00
0( ~

0.00
0( ~

0.00
0( :In ::

0.00
" ;:

0.00
.: :In ;:

0.00
.: ;:

(Ab = Above, Be = Below)
(In Investigate. Ac Action)
(In = Investigate. Ac Action)
(In Investigate. Ac Action)
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Last Measi.rement Q.A. Report 3/27/07 7:00:30 AM page 1

'* ** '* * * *** * 'I''i* * *** * 'I '* **** * '* * * ** * *** '**** ** ******* *** * ** ** ******* ** *,* *** ** ***
***** G E, N IE, ,QUA I,IT Y ,A/?$ nR A, ;WeE ****.¡
*** * * ** ** * *****'** ** ****** ****** ****,*'~****'***** ********,**** * **** * *********'*

Last Results RepQX't
3/27/07 7: 00 :30 AM rtfl 'I\1..r.

') /cl

QA File:
sample in:
Sample Quantity:
Measurement Date:
Elapsed Live Time:
81apsed Real Time:

C: \LOWLEV\LLDQAOO . QAF
QA

1.0000E+000
3/27/07 6:45:19 AM

900.0 seconds
902.2 seconds

Parameter DescX'iption
(Mean + / - Std. Dev.J

Value Deviatiori/Flags
0( LU : SD : un : BS ;:

Am-241 Peak energy
(0.00+/-0.00)

Cs-137 Peak energy
(O.OO+/~O.OO)

Co-60 Peak energy
(0.00+/-0.00)

Am-241 Peak FWH
( 7.B664E-001+/- 0.039)

5.9591E:+001 0.00
0( )0

6.6190E+002 0.00

Co-60 Peak FWBM
( 2.02 OBE+OOO+/ - 0.094)

1.8772E+000

-c ;:
0.00

~ ;:
7.3377E-002

.( ::

1.2572E+000
.( ;:

-1.5333E+OOÒ
.( ;:

1.3328E+003

7. B952E-001

Cs-137 Peak FWB
( 1. 4134E+OOO+/_. 0.052)

1. 47B9E+000

Am-:21 activity
(0.00+/-0.00)

Co-60 activity
(0.00+/-0.00)

Cs-137 activity
(0.00+/-0.00)

1.4397E-002

0.00
.( )0

0.00
.( :In ).

0.00
.( ;:

1.7601E-002

7.5799E-003

Flags Key: LU
3D
UD
B8

Lower/Upper Bounds Test (Ab
Sample Driven N-Sigma Test (In
User Driven N-SIgma Test (In
Measurement Bias Test (In

Above, Be = Below)
Investigate, Ac Action)
Investigate, Ac Action)
Investigate, Ac Action)

Page 56
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Last Measüi;ement. Q.A. Report 3/27/07 7:00:51 AM Pag'e 1

** * *** * **** _** ** *:**, ** * * *-* ***- **_**.*** * 'i-'*****-** '* ***,******__* ***-****~.*-**:'# ***d*'!r-** **

***** G g,N I E Q lT A LIT Y" ,1\$8 UR ANC E *****
**** ** *** * ** *** **** **** * ** ***'*.**** ********.*"**** **,* * **** ** ** * ****** ********

QA File:
Sample 10:
Sample Quantity:
Measurement Date:
Elapsed Live Time:
Elapsed Real Time:

Parameter Description
(Mean +/- Std. Dev. J

Ar-241 Peak energy
(0.00+/-0.00)

Cs--137 Peak eIlergy
(O.OO+/-O.OOJ

Co-60 Peak energy
(O.OO+/-O.OOJ

Ar-241 Peak FWHM
(0.00+/-0.00)

Cs -13 7 Peak FWHM
(0.00+/-0.00)

Co-60 PeElk FWH
(0.00+/-0.00)

Ar-241 activity
(0.00+/-0.00)

Co-60 activity
(0.00+/-0.00)

Cs-137 activity
(0.00+/--0.00)

Flags Key: LU
SD
un
BS

Last Results R$port
3/27/07 7:00:51 AM

c: \SPC2 \SPC2QAOO .QAF
QA

1.0000E+000
3/27/07 6:45:42 AM

900.0 seconds
902.8 seconds

Value

5.9550E:+00l

6.6158E+002

1.3324E+003

7. 9467E~001

1. 2833E+000

l.7274E+000

1.8215E-002

1.10858-002

1..5708E-002

Lower /Upper Bounds 'llest.
Sample Driven N-Sigma Test
User Driven N-SIgma Test.
Measurement Bias Test.
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rt " 01
"Lir)'

Deviation/Flags
'" LU : SD : un : BS ?

0.00
0( ;.

0.00
0( ?

0.00
-c ::

0.00
.: ;:

0.00
-( ;,

0.00
0( ::

0.00
.: ;,

0.00
.: ?

0.00
-c ;,

(Ab
(In '"
(In
(In

Above, Be '" Below)
Investigate, Ac Action)
Investigate, Ac Action)
Investigate, Ac Action)
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Last Measu:tement Q. A. Report 3/28/07 9 :06:Ô8 ~ Pa,gé 1

* * * ** ** * * * * ** ** * * * * ***,******** **** **.****,** **** ***,* ***** * * *,*,**** *~ ***,*.**** *
* * * * * G E N ¡ E QUA L ¡ T Y ASS U RAN C E H ***
"* * * *"* ** * **** * *'!'************ ***** ***11 *~ * ******** * * **.** ******* ** * *'**** * *****

QA File:
Sample ID:
Satple Quantity:
Measurement Date;
Elapsed Live Time:
Elapsed Real Time:

Paraneter Description
(Mean +/- Std. Dev.)

Am-241 Peak energy
(O.OO+/-O.ÖO)

Cs -13 7 Peak energy
(0.00+/-0.00)

Co- 60 Peak energy
(0.00+/-0.00)

AnI-241 peak FWHM
(0.00+/-0.00)

Cs-137 peak FW
(O.OO+/-O.OOJ

Co-50 Peak F'WH
(0.00+/-0.00)

Am-241 activity
(0.00+/-0.00)

Co-60 activity
(0.00+/-0.00)

Cs-137 act.ivity
(0.00+/-0.00)

¡nags Key: LU
SD
un
BS

Last Resul tš Report
3/28/07 9;06:08 AM

C: \SPC2\SPC2QAOO .QAF
QA

1.0000E+OOO
1/28/07 8: 50: 57 AM

900.0 seconds
902.8 seconds

Value

5. 9584E+001

6; 6159E+002

1.3325E+003

8.0683E-00l
1.2949E+000

1. 6195E+000

1.6944E-002

1.1095,E-002

1.5714E-002

Lower/Upper Bounds Test (Ab
Sample Driven N-Sigma Test (In
User Driven N-SIgma Test (In
Measurement Bias Test (In

Page 58

¡1J'1 '"$,0'3~i.

Deviation/Flags
~ LU ; SD ; un : as ~

0.00
'" ~

0.00
-c ;:

O. 00
.0 ~

0.00
.: ;:

0.00
.0 ::..

0.00
.0 :In i! ;:

O. 00
0( ~

0.00
'" ~

0.00
.: )0

Above, Be = Below)
Investigate" Ac Action)
Investigate, Ac Action)
Investigate, Ac Action)
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Last Measurement Q.A. Report 3/'2/07 '7: 12: 59 AM Page 1

'* '* ** * '*****,****** '* * ** ********** '* *** *****" **.*'*****.,* *** *,,* ,**'** **.** '***'**'* *****
'***** G Èl N I E QUA LIT Y ASS U RAN C E *****
** * ***'k_***-*" *' *.*.w -**'-*'f.1(-*i_*-****-* *_*-.**W*'****:'*,*"*--/1f.*.*,?'*_'k_*::*_****_1i:*_*_*_* * *_*-*d*. *-**.* * *--*.*.*-* *

Last Results Report
3/28/07 7:12:59 AM

QA File:
Sample in:
Sample Quantity:
Measurement Pate:
Elapsed Live Time:
Elapsed Real 'rime:

C: \LOWLEV\LLDQMO .QAF
QA

1.0000E+000
3/28/07 6:57:49.A

900.0 seconds
902 . 2 seConds

Parameter Description
(Mean +/- Std. Dev.)

Value

Am-241 Pea~ energy
(0.00+ / -0.001

Cs-137 Peak energy
(0.00+/-0.00)

Co-60Peak energy
(0.00+/-0.001

Am-241 Peak FWH
( 7. B665E-001+/- 0.039)

5.9563E+001

6.6191E+002

1.3328E+003

7.8250E-001

Cs-137 Peak ~~.
( 1. 4135E+000+/ - 0.052)

1.5060E+000

Co-60 Peak FWHM
( 2.D206E+000+/- 0.094)

1.9667E+OOO

Am-241 aotivity
(0. OO+/~O. 001

Co.-50 actìvity
(0.00+ / -0.00)

Cs-137 activity
(0.00+/ -0.00)

1. 8009E-002

7.4268E-003

1.4687E-002

Flags Key: LU
SD
un
BS

Lower /Upper Bounds Test (Ab
Sample Driven N-Sigma Test (In
User Driven N-SIgma Test (In
Measurement Bias Test (In
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~ ,,1
1__:i -

Deviation/Flags
0( LU : SD : un : BS ::

0.00
-c ?

0.00
.: :;

0 .00
.( ;:

-1.0600E-001
.: ).

1. 7753E+OOO
0( ~

-5 .7570E-001
0( ).

0.00
"" ::

O. 00 a:,; :In ;:
0 .00

,; ).

Above, Be = Below)
Investigate, Ac Action)
Investigate, Ac Action)
Investigate, Ac Action)
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(,ast Meaßureient Q.A. Report 3/29/07 ? 125 rÓ). AM J;age 1

** * * l.1t***** *,** ***,********** ***********.* * *****.******',* 1;*'* * **,***,*** **** *,********** GE,NiE QUF,LITY F,SSURANCE ********** * ***'***** ** *',*'** *,** ***** **,**** ************* '* ***** *'*'*0/,1* *********** * ***

L/ist Resul ts Report
3/29/07 7:25:01 AM (\1' , 0"'..:'1 r

')'

QA File:
sample ID:
Sample Quanti ty:
Measuremertt Date:
El apsed Live Time:
Elapsed Real Time:

c: \LOWLEV\LDDQAO 0 . QAF
QA

1.0000E+000
3/29/07 7: 09 :31 AM

900 . 0 seconds
902.2 seconds

Parameter Description
(Meein +/-. Std. Dev.)

Value Deviation/Flags
0( LU : SD : un : BS ~

Am-241 Peak energy
iO. 00+ / -0.001

Cs-137 leak energy
(0.00+/-0.00)

Co-60 Peak energy
(0.00+/-0.00)

Am-241 Peak FWM
( 7.8664E-00l+/- 0.039)

5.9568E+001 0.00
.: ::

6.6192E+002 0.00

Co-60 Peak FWH
( 2.0205E+000+/- 0.094)

2.0619E+000

.: :i

0.00
0( ;:

-6.7023E-001
.: )-

1. 0680E+000
.: ~

4.4129E'-001
~ )0

1.3329E+003

7.6044E-001

Cs-137 Peak FW
( 1.4136E+000+/- 0.052)

1.4693E+000

1. 4762El-002

0.00
~ )-

0.00
.: :In )0

0.00
.: ;;

Am-241 activity
(0. OO~-/-O. 00)

Co-60 activity
(0.00+/-0.00)

Cs-137 activity
(0.00+/-0.00)

1.8516£-002

7.4487E-003

Flags Key: LU J"ower /Upper BoundEr 'rest (Ab
3D Sample Driven N-Sigma Test (In
UD '" User Driven N-SIgma Test (In
BSMeasurement Bias Test ( In

Above, Be = ~elow)
Investigate, Ac Actioh)
Investigate, Ac Action)
investigate, Ac Action)

Page 60
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Last Measurement Q.A. Report 3/29/07 7 :23 :36 AM, page 1

k* ** ** * ** * ** '** * **'" * *** *,,¡.,,* '* '* '*** ** ** * '* *.** ** * ii'*.* **.* * * * * *,* * *** * * ** * * '" * * * * * ***
***** G: E N ¡ E Q UA L I ') V 1) S SUR A NeE *****
** ***** * * ** iI**,k ***'*****,*** * **,******* * ,*****'k**** 11* ** * * ** ** * *** * ***** ** ** ** *

QA File:
Sample rD:
Sample Quantity:
Measurement Dat.e:
Elapsed Live Time:
Elapsed Real Time:

Parameter Descriptiòn
(Mean +/- Std. Pev.)

Am-241 Peak energy
(0.00+/-0.00)

Cs-137 Peak energy
(0.00+/-0.00)

Co-GO Peak energy
(0.00+ / -0.00)

Am,-241 Peak FW
(0.00+/-0.00)

Cs-137 Peak FWH
(0.00+/-0.00)

Co-50 Peak FWH
(0.00+/-0.00)

Am-241 activity
(0.00+/-0.00)

Co-60 activity
(O.OO+/~O.OO)

Cs-137 activity
(0.00+/-0.00)

Flags Key: LU
SD
UD
BS

Last Ilesult:G Repç¡rt:
3/29/07 7 : 23 : 3 6 l\

c: \SPC2\SPC2QAOO .QAF
QA

1.0000E+OOO
3/29/07 7:08:25 AM

90.0 . 0 seconds
902.8 seconds

Value

5.9530E+001

5.6161E+002

1.3325E+003

7.9813E-001

1.2400E+OOO

1.6737:i+000

1.7156E-002

1.0824E-002

1.618BE-002

Lower /Upper Bounds Test
Sample Driven N-Sigma Test
User Priven N-sigma Test
Measurement Bias Test.

Page 61

ti H ",1
')~ i 'I ~

Deviat ion/ Flags
.: LU ; SD : UD : BS ::

0.00
-c ::

0.00
.: ::

0.00
0( ;?

0.00
.: ~

0.00
0( ;:

0.00
.: : In :;

0.00
-c ::

0.00
0( :In :;

0.00
0( :In :;

(Ab
(In
(In --
(In

Above, Be = Below)
Investigate, Ac Action)
Investigate, Ac Action)
investigate, Ac Action)
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I1'St J:èãa1J~eiêntQ.A. Report 5/1Q/07 7:32:3:3 AM Page 1

** * *~,** ******* *** *** * **** * * *,* * **** ****** ****** *** ***** ** * * ** * ** * * * ******* Ii-
**** G . N I E QUA L I ~ Y ASS U RAN C E *****
1('*'* *.1i;*. '*fi.*-***'/t **,* 'I 1i'* '* *-* *--*:*** *'_*'-****¡'*.** ***'l.*_*_***** '* ** **** * ****** *** * ** *****

Last Results Report
5/l0/07 7:32:33 AM

rt 11 ,~o 1
S. \ 'J

iA File:

ample In:
ample Quantity;
íaasurement bate;
:lapsed Live 'rime:
;laps,ed Real Time:

C; \SPC2\SPC2QAOO. QAF
QA

l.OOOOE+OOO
5/10/07 7:17:22 AM

900.0 seconds
901.8 seconds

~
'arameter DeScription
(Mean +/- Std. Dev.)

Val ue Davia don/Flags
~ LU : SD ; UD : BS ~

.m-241 peak energy
(0.00+/-0.00)

s-137 Peak. energy
( 0 . 00+ / - 0 . 00 )

0-60 Peak energy
(0.00+/-0.00)

.r-241 Peak. FWHM
( 7. 6346E-001+/- O. 04B)

5.9575E+00l 0.00
-c ;:

6.6163E+002 0.00

1.5960E-002

'" ;:
0.00

0( ~
-1.4304E-001

-c '?

-2.2882E-001
0( ;:

-1.3380E+000
0( '?

0.00
-c )0

0.00
-( :In ;:

0.00
'" ~

1.3326E+003

7.5657E-001

s-137 Peak FWHM
( 1.2735E+000+/- 0.055)

1.260811+000

'0-60 Peak FWH11
( 1.6911E+000+j- 0.089)

1.5721E+000

.t-241 activity
(0.00+/-0.00)

'0-60 activity
(0.00+/-0,00)

's-137 activity
(0.00+/-0.00)

1. 8563E-002

l.0678E-002

'lags Key; LU Lower/Upper Bounds Test
SD = Sample Driven N-Sigma Test
un User Driven N-SIgn1a 'lest
BS Measurement Bias 'X'es!:

(Ab Above, Be = Below)
(In Investigate, Ac Action)
(In = Investigate, Ac Action)
(In investigate, Ac Action)

Page 62
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Table 20.  XRF analysis of QA standards W1 and STM-1 (USGS Standards). 
 SiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O TiO2 
Actual W1 52.51 15.01 11.12 0.17 6.62 10.99 2.16 0.64 1.07 
Measured W1 52.79 14.94 11.08 0.17 6.13 10.77 2.09 0.64 1.08 
          
          
Actual STM-1 59.64 18.39 5.22 0.22 0.101 1.09 8.94 4.28 0.135 
Measured STM-1 60.05 18.52 5.21 0.22 0.076 1.12 8.61 4.200 0.134 

 
The “measured” values are those measured by SRNL and the “actual” values are those assigned 
to the standard.  An acceptable value is ±10%.
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APPENDIX F.  Gamma Spectroscopy Data 
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ADP FILE/NOTEBOOK 
REF WSRC-NB-2003-00207 pg 85   
Sample ID 300237126    
Comment tube 401_a    
Count Date 3/27/2007    
Count Time 7:50    
Count Duration (sec) 7200    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 1.02E+02 3.89%  
 Sr-85 1.61E+04 1.77%  
 Cs-134 3.52E+03 0.86%  
     
     
Sample ID 300237127    
Comment tube 401_b    
Count Date 3/28/2007    
Count Time 13:29    
Count Duration (sec) 3600    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 4.24E+01 12.7%  
 Sr-85 1.52E+04 1.80%  
 Cs-134 4.74E+03 0.95%  
     
     
Sample ID 300237128    
Comment tube 402_a    
Count Date 3/28/2007    
Count Time 15:13    
Count Duration (sec) 7200    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 1.22E+02 4.36%  
 Sr-85 2.29E+04 1.77%  
 Cs-134 1.75E+04 0.68%  
     
     
Sample ID 300237129    
Comment tube 402_b    
Count Date 3/28/2007    
Count Time 17:18    
Count Duration (sec) 7200    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 9.42E+01 4.90%  
 Sr-85 1.72E+04 1.78%  
 Cs-134 1.55E+04 0.70%  
     
     
Sample ID 300237130    
Comment tube 403_a    
Count Date 3/28/2007    
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Count Time 19:22    
Count Duration (sec) 7200    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 4.84E+01 5.98%  
 Sr-85 1.08E+04 1.79%  
 Cs-134 4.57E+03 0.84%  
     
     
Sample ID 300237131    
Comment tube 403_b    
Count Date 3/28/2007    
Count Time 21:26    
Count Duration (sec) 7200    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 3.60E+01 7.35%  
 Sr-85 9.01E+03 1.79%  
 Cs-134 3.50E+03 0.88%  
     
     
Sample ID 300237132    
Comment tube 404_a    
Count Date 3/28/2007    
Count Time 23:30    
Count Duration (sec) 7200    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 2.96E+02 2.42%  
 Sr-85 2.22E+04 1.77%  
 Cs-134 1.83E+04 0.68%  
     
ADP FILE/NOTEBOOK 
REF WSRC-NB-2003-00207 pg 86   
Sample ID 300237127    
Comment tube 401_a    
Count Date 3/28/2007    
Count Time 8:50    
Count Duration (sec) 7201    
 Radioisotope Activity (dpm/mL) 2 Sigma %Unc 
 Co-61 1.00E+04 -0.86%  
 Sr-86 1.17E+04 -2.37%  
 Cs-135 1.34E+04 -3.89%  
     
     
Sample ID 300237128    
Comment tube 401_b    
Count Date 3/29/2007    
Count Time 14:29    
Count Duration (sec) 3601    
 Radioisotope Activity (dpm/mL) 2 Sigma %Unc 
 Co-61 1.14E+04 -6.6%  
 Sr-86 1.37E+04 -12.46%  
 Cs-135 1.61E+04 -18.33%  
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Sample ID 300237129    
Comment tube 402_a    
Count Date 3/29/2007    
Count Time 16:13    
Count Duration (sec) 7201    
 Radioisotope Activity (dpm/mL) 2 Sigma %Unc 
 Co-61 3.08E+04 -1.41%  
 Sr-86 3.95E+04 -3.25%  
 Cs-135 4.82E+04 -5.09%  
     
     
Sample ID 300237130    
Comment tube 402_b    
Count Date 3/29/2007    
Count Time 18:18    
Count Duration (sec) 7201    
 Radioisotope Activity (dpm/mL) 2 Sigma %Unc 
 Co-61 2.63E+04 -1.74%  
 Sr-86 3.39E+04 -3.84%  
 Cs-135 4.16E+04 -5.94%  
     
     
Sample ID 300237131    
Comment tube 403_a    
Count Date 3/29/2007    
Count Time 20:22    
Count Duration (sec) 7201    
 Radioisotope Activity (dpm/mL) 2 Sigma %Unc 
 Co-61 9.66E+03 -2.27%  
 Sr-86 1.19E+04 -4.84%  
 Cs-135 1.42E+04 -7.41%  
     
     
Sample ID 300237132    
Comment tube 403_b    
Count Date 3/29/2007    
Count Time 22:26    
Count Duration (sec) 7201    
 Radioisotope Activity (dpm/mL) 2 Sigma %Unc 
 Co-61 7.65E+03 -3.13%  
 Sr-86 9.39E+03 -6.37%  
 Cs-135 1.11E+04 -9.60%  
     
     
Sample ID 300237133    
Comment tube 404_a    
Count Date 3/29/2007    
Count Time 0:30    
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Count Duration (sec) 7201    
 Radioisotope Activity (dpm/mL) 2 Sigma %Unc 
 Co-61 3.16E+04 -0.12%  
 Sr-86 4.06E+04 -0.99%  
 Cs-135 4.96E+04 -1.86%  
     

 
 
ADP FILE/NOTEBOOK 
REF WSRC-NB-2003-00207 pg 85   
Sample ID 300237140    
Comment tube 408_a    
Count Date 3/27/2007    
Count Time 7:50    
Count Duration (sec) 7200    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 3.19E+02 2.39%  
 Sr-85 2.32E+04 1.77%  
 Cs-134 2.19E+04 0.67%  
     
     
Sample ID 300237141    
Comment tube 408_b    
Count Date 3/27/2007    
Count Time 15:57    
Count Duration (sec) 7200    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 3.38E+02 2.33%  
 Sr-85 2.46E+04 1.77%  
 Cs-134 2.29E+04 0.68%  
     
     
Sample ID 300237142    
Comment tube 409_a    
Count Date 3/27/2007    
Count Time 18:02    
Count Duration (sec) 7200    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 6.04E+01 6.20%  
 Sr-85 1.66E+04 1.78%  
 Cs-134 1.22E+04 0.71%  
     
     
Sample ID 300237143    
Comment tube 409_b    
Count Date 3/27/2007    
Count Time 20:06    
Count Duration (sec) 7200    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 5.13E+01 6.65%  
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 Sr-85 1.48E+04 1.78%  
 Cs-134 1.10E+04 0.74%  
     
     
Sample ID 300237144    
Comment tube 410_a    
Count Date 3/27/2007    
Count Time 22:10    
Count Duration (sec) 7200    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 2.32E+03 1.03%  
 Sr-85 1.14E+04 1.79%  
 Cs-134 1.51E+04 0.72%  
     
     
Sample ID 300237145    
Comment tube 410_b    
Count Date 3/28/2007    
Count Time 0:14    
Count Duration (sec) 7200    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 4.52E+02 1.93%  
 Sr-85 1.90E+04 1.77%  
 Cs-134 1.45E+04 0.72%  
     
     
Sample ID 300237146    
Comment tube 411_a    
Count Date 3/28/2007    
Count Time 2:19    
Count Duration (sec) 7200    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 5.87E+01 5.65%  
 Sr-85 6.18E+03 1.82%  
 Cs-134 5.37E+03 0.82%  
     
     
Sample ID 300237147    
Comment tube 411_b    
Count Date 3/28/2007    
Count Time 4:23    
Count Duration (sec) 7200    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 2.80E+01 7.97%  
 Sr-85 4.35E+03 1.83%  
 Cs-134 2.25E+03 0.97%  
     
     
Sample ID 300237148    
Comment tube 412_a    
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Count Date 3/28/2007    
Count Time 6:27    
Count Duration (sec) 7200    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 3.41E+01 7.58%  
 Sr-85 3.70E+03 1.84%  
 Cs-134 2.80E+03 0.92%  
     
     
Sample ID 300237149    
Comment tube 412_b    
Count Date 3/28/2007    
Count Time 8:23    
Count Duration (sec) 3600    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 6.66E+01 7.49%  
 Sr-85 7.43E+03 1.84%  
 Cs-134 8.85E+03 0.84%  
     
     
Sample ID 300237150    
Comment tube 413_a    
Count Date 3/28/2007    
Count Time 9:14    
Count Duration (sec) 3600    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 3.25E+01 11.1%  
 Sr-85 3.06E+03 1.96%  
 Cs-134 7.03E+02 1.71%  
     
     
Sample ID 300237151    
Comment tube 413_b    
Count Date 3/28/2007    
Count Time 10:18    
Count Duration (sec) 3600    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 <1.63E+01 MDA  
 Sr-85 4.09E+03 1.91%  
 Cs-134 6.91E+02 1.71%  
     
     
Sample ID 300237152    
Comment tube 414_a    
Count Date 3/28/2007    
Count Time 11:22    
Count Duration (sec) 3600    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 2.24E+02 12.4%  
 Sr-85 9.07E+03 1.83%  
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 Cs-134 6.49E+02 1.74%  
     
     
Sample ID 300237153    
Comment tube 414_b    
Count Date 3/28/2007    
Count Time 12:26    
Count Duration (sec) 3600    
 Radioisotope Activity (dpm/mL) 1 Sigma %Unc 
 Co-60 4.57E+01 7.95%  
 Sr-85 1.08E+04 1.81%  
 Cs-134 3.89E+02 2.17%  

 
 
ADP FILE/NOTEBOOK 
REF WSRC-NB-2003-0027 pg    
Sample ID 300237154    
Comment tube 415_a    
Count Date 3/23/2007    
Count Time 11:20    
Count Duration (sec) 14400    

 Radioisotope 
Activity 
(dpm/mL) 1 Sigma %Unc 

 Co-60 7.46E+02 1.17%  
 Sr-85 9.23E+03 1.77%  
 Cs-134 1.99E+03 0.88%  
     
     
Sample ID 300237155    
Comment tube 415_b    
Count Date 3/23/2007    
Count Time 15:24    
Count Duration (sec) 14400    

 Radioisotope 
Activity 
(dpm/mL) 1 Sigma %Unc 

 Co-60 1.19E+03 1.02%  
 Sr-85 9.43E+03 1.77%  
 Cs-134 1.76E+03 0.91%  
     
     
Sample ID 300237156    
Comment tube 416_a    
Count Date 3/23/2007    
Count Time 19:28    
Count Duration (sec) 14400    

 Radioisotope 
Activity 
(dpm/mL) 1 Sigma %Unc 

 Co-60 4.24E+01 4.82%  
 Sr-85 6.55E+03 1.79%  
 Cs-134 4.74E+03 0.75%  
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Sample ID 300237157    
Comment tube 416_b    
Count Date 3/23/2007    
Count Time 23:32    
Count Duration (sec) 14400    

 Radioisotope 
Activity 
(dpm/mL) 1 Sigma %Unc 

 Co-60 4.76E+01 4.39%  
 Sr-85 6.51E+03 1.78%  
 Cs-134 4.70E+03 0.76%  
     
     
Sample ID 300237158    
Comment tube 417_a    
Count Date 3/24/2007    
Count Time 3:36    
Count Duration (sec) 14400    

 Radioisotope 
Activity 
(dpm/mL) 1 Sigma %Unc 

 Co-60 4.62E+01 4.35%  
 Sr-85 6.59E+03 1.78%  
 Cs-134 4.98E+03 0.74%  
     
     
Sample ID 300237159    
Comment tube 417_b    
Count Date 3/24/2007    
Count Time 7:40    
Count Duration (sec) 14400    

 Radioisotope 
Activity 
(dpm/mL) 1 Sigma %Unc 

 Co-60 2.07E+02 1.98%  
 Sr-85 1.08E+04 1.77%  
 Cs-134 5.12E+03 0.75%  
     
     
Sample ID 300237160    
Comment tube 418_a    
Count Date 3/24/2007    
Count Time 11:44    
Count Duration (sec) 14400    

 Radioisotope 
Activity 
(dpm/mL) 1 Sigma %Unc 

 Co-60 5.02E+01 4.77%  
 Sr-85 8.34E+03 1.78%  
 Cs-134 5.60E+03 0.74%  
     
     
Sample ID 300237161    
Comment tube 418_b    
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Count Date 3/24/2007    
Count Time 15:48    
Count Duration (sec) 14400    

 Radioisotope 
Activity 
(dpm/mL) 1 Sigma %Unc 

 Co-60 1.01E+02 3.01%  
 Sr-85 9.29E+03 1.78%  
 Cs-134 5.27E+03 0.74%  
     
     
Sample ID 300237162    
Comment tube 419_a    
Count Date 3/23/2007    
Count Time 11:18    
Count Duration (sec) 14400    

 Radioisotope 
Activity 
(dpm/mL) 1 Sigma %Unc 

 Co-60 2.93E+01 5.52%  
 Sr-85 7.76E+03 1.77%  
 Cs-134 1.58E+03 0.89%  
     
     
Sample ID 300237163    
Comment tube 419_b    
Count Date 3/26/2007    
Count Time 8:21    
Count Duration (sec) 14400    

 Radioisotope 
Activity 
(dpm/mL) 1 Sigma %Unc 

 Co-60 1.52E+01 8.02%  
 Sr-85 5.17E+03 1.79%  
 Cs-134 7.25E+02 1.07%  
     
     
Sample ID 300237164    
Comment tube 420_a    
Count Date 3/26/2007    
Count Time 12:25    
Count Duration (sec) 14400    

 Radioisotope 
Activity 
(dpm/mL) 1 Sigma %Unc 

 Co-60 6.40E+01 3.33%  
 Sr-85 6.46E+03 1.78%  
 Cs-134 3.30E+02 1.39%  
     
     
Sample ID 300237165    
Comment tube 420_b    
Count Date 3/26/2007    
Count Time 10:40    
Count Duration (sec) 14400    
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 Radioisotope 
Activity 
(dpm/mL) 1 Sigma %Unc 

 Co-60 1.82E+01 6.49%  
 Sr-85 5.37E+03 1.78%  
 Cs-134 1.81E+02 1.69%  
     
     
Sample ID 300237166    
Comment tube 421_a    
Count Date 3/26/2007    
Count Time 14:45    
Count Duration (sec) 6032.7    

 Radioisotope 
Activity 
(dpm/mL) 1 Sigma %Unc 

 Co-60 1.71E+02 4.23%  
 Sr-85 3.03E+04 1.77%  
 Cs-134 2.90E+04 0.65%  
     
     
Sample ID 300237167    
Comment tube 421_b    
Count Date 3/27/2007    
Count Time 15:49    
Count Duration (sec) 7200    

 Radioisotope 
Activity 
(dpm/mL) 1 Sigma %Unc 

 Co-60 4.23E+03 0.89%  
 Sr-85 1.79E+04 1.78%  
 Cs-134 1.69E+04 0.69%  
     
     
Sample ID 300237168    
Comment tube 421_c    
Count Date 3/28/2007    
Count Time 7:15    
Count Duration (sec) 3600    

 Radioisotope 
Activity 
(dpm/mL) 1 Sigma %Unc 

 Co-60 1.95E+02 5.16%  
 Sr-85 3.10E+04 1.78%  
 Cs-134 3.03E+04 0.70%  
     

 
 
   To confirm  
  Recount Duplicates did not match 
Sample ID 300237166 300237166   
Comment tube 421_a tube 421_a   
Count Date 3/26/2007 3/28/2007   
Count Time 14:45 11:05   
Count Duration (sec) 6032.7 3600   
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 Radioisotope Radioisotope Activity (dpm/mL) 
1 Sigma 
%Unc 

 Co-60 Co-60 1.53E+02 5.68% 
 Sr-85 Sr-85 3.00E+04 1.78% 
 Cs-134 Cs-134 2.93E+04 0.68% 
     
  Recount   
Sample ID 300237167 300237167   
Comment tube 421_b tube 421_b   
Count Date 3/27/2007 3/29/2007   
Count Time 15:49 13:32   
Count Duration (sec) 7200 3600   

 Radioisotope Radioisotope Activity (dpm/mL) 
1 Sigma 
%Unc 

 Co-60 Co-60 4.30E+03 1.04% 
 Sr-85 Sr-85 1.75E+04 1.79% 
 Cs-134 Cs-134 1.71E+04 0.76% 
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Gamma Blanks for VC Summer   
    
    
Sample ID 300238881   
Comment OW-205A   
Count Date 5/10/2007   
Count Time 9:40   
Count Duration 
(sec) 3600   

 Radioisotope 
Activity 
(dpm/mL) 

1 Sigma 
%Unc 

 Co-60 <9.87E-01 MDA 
 Sr-85 <1.39E+00 MDA 
 Cs-134 <1.06E+00 MDA 
    
    
Sample ID 300238882   
Comment OW-205A   
Count Date 5/10/2007   
Count Time 10:44   
Count Duration 
(sec) 3600   

 Radioisotope 
Activity 
(dpm/mL) 

1 Sigma 
%Unc 

 Co-60 <1.18E+00 MDA 
 Sr-85 <1.31E+00 MDA 
 Cs-134 <1.04E+00 MDA 
    
    
Sample ID 300238883   
Comment OW-212   
Count Date 5/10/2007   
Count Time 11:48   
Count Duration 
(sec) 3600   

 Radioisotope 
Activity 
(dpm/mL) 

1 Sigma 
%Unc 

 Co-60 <1.14E+00 MDA 
 Sr-85 <1.22E+00 MDA 
 Cs-134 <1.04E+00 MDA 
    
    
Sample ID 300238884   
Comment OW-212   
Count Date 5/10/2007   
Count Time 12:51   
Count Duration 
(sec) 3600   

 Radioisotope 
Activity 
(dpm/mL) 

1 Sigma 
%Unc 

 Co-60 <1.10E+00 MDA 
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 Sr-85 <1.34E+00 MDA 
 Cs-134 <9.90E-01 MDA 
    
    
Sample ID 300238885   
Comment OW-305A   
Count Date 5/10/2007   
Count Time 13:55   
Count Duration 
(sec) 3600   

 Radioisotope 
Activity 
(dpm/mL) 

1 Sigma 
%Unc 

 Co-60 <1.21E+00 MDA 
 Sr-85 <1.39E+00 MDA 
 Cs-134 <1.11E+00 MDA 
    
    
Sample ID 300238886   
Comment OW-305A   
Count Date 5/10/2007   
Count Time 14:59   
Count Duration 
(sec) 3600   

 Radioisotope 
Activity 
(dpm/mL) 

1 Sigma 
%Unc 

 Co-60 <1.09E+00 MDA 
 Sr-85 <1.30E+00 MDA 
 Cs-134 <9.76E-01 MDA 
    
    
Sample ID 300238887   
Comment OW-327   
Count Date 5/10/2007   
Count Time 16:03   
Count Duration 
(sec) 3600   

 Radioisotope 
Activity 
(dpm/mL) 

1 Sigma 
%Unc 

 Co-60 <1.07E+00 MDA 
 Sr-85 <1.20E+00 MDA 
 Cs-134 <9.34E-01 MDA 
    
    
Sample ID 300238888   
Comment OW-327   
Count Date 5/11/2007   
Count Time 9:09   
Count Duration 
(sec) 3600   

 Radioisotope 
Activity 
(dpm/mL) 

1 Sigma 
%Unc 

 Co-60 <1.17E+00 MDA 
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 Sr-85 <1.47E+00 MDA 
 Cs-134 <1.11E+00 MDA 
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Stäñdttrd TestMèth(ldfót
24-nBatch.rrYPé MeaSUrøl1ènt ()f Co.ntaminantSorption by
Solis andSedimehts1
This stnnda0 is iS5U~LtHitl,ér the nx~d -l,ilignation D 4646; the -number ìmmcdiately fbllowÎhg tlte- dcsìs,tnÜùii indiciiiL's ihe' vea óf
original a~oplioT1ori ltldi.o case or revJsiQ"; the" ycarol last revi.šìol1.A iiumhnr in ~ren_ihesc,~ índio(ticá Ihe ye::r of IDSl feiipprov¡¡L A
supe-rsdpi epSilon (E) ini;íciima an cdilonal chooge sinciJ iheliisi w",iStOnQl.t,ippfòV1ll.

l. SC(ÌPC

1.1 drhis test ,nethöd desoribes n prooedure for detenninihg
the sOf;ption ulliiíty of wasle solutes by unoonsolidated geo-
logic i~ateriul in uqueoiis suspension. The wuste solute niiiy be
derive¡1 lroiii u väriety of sources such US wells, underdrniii
systeii\f' or laboratory solutions such as ihose produced by
waste 'extraction tests like the Test Meihod D 3987 shake
extraction method.

1.2 l1iis test method isapplicøble Í1.1 screçning iiiidprovid-
ing relativç ral1kings ôf a large nl1mher Of geOlnedia samples
for their sorption aflnityin aqueous leachate/geoiiedia sus-
pensiOns. This test method may iiot exactly siinulale sorption
uharaclcristics ihat would occur in unperturbed geologic set-
tings.

L3 While this imicedure imiy be applicable to both organic
and inorganic constituents, eare must be taken wlUi respeello
the stabilty of the pllrticular constiluents ¡¡nd theìr possiblç

losses fromsoll1tion by SItch prôcesses us degrlliilion by
inicrobes, light, or hydrolysis. This iesl inethod should not be
used for .volalile chemieal cOl1slÍ.luelils (see 6. I).

i A This ,ffa/ldard does not purporl 10 address all of Ihe
safeiy. co/lcet/ls, if Il,iy, associàted wiíh its use. Ii is ihe
respOllsÎbi/ily o/the user o/this StlJldOlrJ to e!,tablis/i appro-
priate safety and health pllJ('ices aiid determine ilie applica-
bility oj'regidalmy limilalions prior 10 iise.

2. Referenced Documents
2.1 ASTi..f StaJlatds: i
o 1129 Terminology Ilelalìng to Water
D 1193 Specifcation for Reagent Waler
D 2216 Test Method for Laboratory Detennillfltioii of Water

(Moisture) Coiitellt of Soil Md Rock

i lhili lèSi mcUlod ÎS widcr lht: jUr1sdictíoli of AStM Committee DJ4 on Wl1'1IC

Mítiiiigi!lhcnl tuid ís the dlrèel rcspofiliibilI-y ot Sub\'Qrnmillce D34.01.06 on
Aniilylical Methods.

Cùmmtcdhiotì uppró\icd NQ"tJ, 1,2003, Published- bnuary 2004. Originally
published as ES I o-~ 85. Last previous cditíDII 0 IIM6--S7:

1-1;-r refcrenècd ASTl.t staudaribh viS1! ¡he ASTMwebslte, www.ngiln.1Jry~ or

conlnet ASTM CUs!ollerService llL sc.riò:4YusinL9Ig. l10r Ânml¡11 Book or-ASTM
Swnd¡irds mhii:e;inlormiitioii, refer 10 the sl.iridàrd's POCUll1ellt SU1iUuOry page ein
ihc l\STM wèhiiite,

D 3987 Test Meihod for Shake Extraction of Solid Waste
with Water

D4319 Tcst Method lor DistribillÌon Halios by the Shorl-
Telt1.Bal.ch Method

3. Thmilnology
3.1 Ddiiiitioiis--For definition of terms used in this test

method refer to Terminology D 1I29.
3.1.1 soliiie-chemieal speeics (l'or example, iOll, molecule,

ctc.) iii solullon.
3.1.2 sorbâle--eheinical species sorbed by a sorbenì.

3.1.3 sorbenl.--a substnnee that sørbs the solute from solu-

tion (for example, soil, sedimcnt, till, etc.).
3.1.4 sorptìoá--.depletion or an amounl of solute initially

present iii solutioii by a sorbent.
3.1.$ sorptiol/ affnily---the relative degree of sorption that

occiirs by a geomedia.
3.1.6 uncoiisolidàledgeologic muterial (geoiiedìa)---ii

loosely aggregated solid natuml malerialof geologic origin (for
example, ~oil, sediment, til, etc.).

3.2 Definillol/$ of Term.\ Spècijìc to 111is Stami(ml:
3.2.1 diSlrbll/iOiI coe.Dìcieli, K.-lhe miio of the concen.

trulion of sol me sorbed on the soil Qr other geomcdia divided
by its e.oneenirnlÍon in solution. A 24-h Kd is the analogous
ratio evaluated iifter 24 1i of contnct of tiie solute with the
geoii.edia.

3.2. i.l DisClissioli-.Tliè diiiensioiis of Kd I'cduee to units
of volunie per mass. It is conveiiienl to express X'I in units or
lIi1iJlres (01' ciibic cellimetres) or solutioii per gram of
geoJrcdia, Di~siniilal' Kd valucs may be (\bl1Jined if dUrerent
initial ~oluteconcentrations iIre used, depcnding on the sorp-
tion behavior of lIic solute and the properties of tilt, ge(\l1iedia
(that is, iionlinëar sorption curve). This concentration depen-
deney ¡iiay be absent where the solute conccnlrnliOllS nrc
suflcienlly low ør the charactcristÌès ofihc partîcular solute-

sOlhent conibiiiation yield Kd values that are intlependcm of the
concentraiioil of SOlute (thut is, lìnear sorpiion curve).

4. SunilUiiry of Test Method
4.1 Distilled water, nalural waler, waste leachate, or oiher

aqueous solution cOntalniiig a known conccntration ofii solule
is mixed with a known amount of unconsolidated geologic

Cnprfl ,gASfM Inb:.rMllmat 100 Ilorr i.lnrbr mívu, PO eox C/OO. Wo-l COI'!ihoo4jEtn. 'PA 194Ln.~S9, Uriiei 5ti:IIl,

Pftrllby\lI!!llòtiiltbn oilli~llérft( ,.~l ti~lri; IHS L~M:iPW:t4~snliiAl
NöftiRom,031Jl1td5.:;j).OT

Page 80

DCN SC412 Rev 4



WSRC-STI-2007-00244

(004646-03
!).P'rMcdlirl

!l.t. Gè!olj1dln s¡\tipléill1té ß.PtÇâdøüt oiia Rìi\ slirfige, no
more thl\iZtQ3~mdeep, a?t1allowed toiiirdry rorU~Ys or
until cOÌlsilintwelgllt(athiiiigethat is ICls tIati5 %!24~h

pendd) i$Aahlèviitl (d\liìt¡l oV9Ììdry).
9.2 Af'erthe saniplehuiialr dried. it Îspaiised through a

2.niiti SCl'ènSiëvó.Lifrgt åitgttgi(tes lite t.o pettl!jad, without
grinding, using ìi cleai. mortar tiridurubher-tippcd pestle.

9.3 .Mix thesJeved ma.terial until the sample Îs hoil1oge-
lleoUS. Use li riffe splitter, Or other unliiiisedsplitting proce-
dure, 10 obtain subsamplesof !\Ppropriate size.

9.4 Remove sUbsamples aiidclteril1li\e the lloisturecontern
of the iiii'dried sample (refer to 'fest Method D 2216),

9.5 Deteniilne the mass ofgeoinedia sample, corrcted for
moisture content:
Determ.loutJon of air-dried soil iiass eqiiivalent to the desired
mass of oven-qrìed soil:

,¡ ~ M.£ + (M/loo) J

where:
A air dry soiliiiass
M = niuss of !lven'dried soil desired, and
Al tnoisture, "i.
9.6 Pluce between 5 and 70 g (oven. dried basis) of the

Weighed áir_dried sample into the npptopriate eonlainer. The
sarnplcs should be weighed to ~i minimum of three signilleUln
Iigvres.

9.7 Add to the eontaiiier an amount of solute solution
neceSsary to yield II 1:20 soil-to~solution ratio. This is deter-
mined, on the oven~dtied basis:
Detennination of soli.tion volome needed per sUIiple for ¡I
soil-to. solutio i) ratio of 1:20:

v (M, X 20)lp (2)
where:
p density ofsolutloJl, g/cm3,
V volume. of soluiion pet sample, em3, and
M. mass of soil to be used, g, (oven-dried basis).

9.& Reiain a sepal1te,nppropriate.ly prescrved aliquot of the
initial solute soh,ticm !òtunalysls.

9.9 Close the oootainer and pliice it oiiihe mtllry cxtraetor
(lest Method D 3981).

9.10 Agitate coiitinuously fOr 241; 0.5 h at 291; 2 r/min lit
roOll temperature (22 :t sac).

9.11 Open the eoittailler, Note the temperature or the solu-
tion and uny changes in the siimple or solution (that is, eolor,
odor. etc.).

9J2 Sepamte the solution phase fi'om ihe iiajori1y of the
solid phuse by deeantation.

9.13 Filter the Soluilon phase through a o AS-¡1I1 pore size
membrine filter (Stl 7,2), or eetlrifuge a subsiimplc at the
predetermined rate of rotation and time for the ccntrifugation
equipment employed at constAiItenipcraturc (the temperature
recorded aller 24 h):

I = 912(. "t ) ..) In (R'¡R ,) (l
w rp_ ,Pll -'- P

PN.äl.YJltS-
NofiN)íit)QIXMtwf'Ptmn"!ó'\Il\,¡jJiW1Jl5

where:
ii/ 4,,2(Nliilll

60
~=tingulurVeloeity,
particle raaius, Cll,
vilieosÌly ofwater,a.95 X IO-~ gls.cm at 25"C,
pl1rtiele density,
density of solution,
revolutions per minute,

distance from ceuter of centri fugc rotor to top of
solution in centrifuge tube, cm,
distUlice from center of cenirilligc rotor to bottom
of centrifuge iube, em, and

1 time, min.
To remove i)iiitides ;'O.I-f-ll radius and 2.65.g/cm.i density

from solution:

rp
11
pp
P
r/min
R,

R"

(I)
(3.71 X IPK)

r = .~(.I .." Iii (Ri/R,)
. r mm) (4)

Note that if Jlllraiion is used, the uflniiy of the filtriitioii
membriine for the solute must be eviiluatcd. Fii¡lure tt) do so
may lead to erroneous results.

9.14 After n clear soluHoii has been obtiiincd, place iin
aliquot iii an áppropriate container (see 7.3), and. analyze 01
store in a refrigerator at 4 :! 2"C unli analyzed.

9.15 Elich geomedia siinple is to be subjected to the

procedure in three or more replicates. The number of bliinks
(that is. solute solution without geoniedia) carried through all
steps oflhe procedure sliould be aininimum of 5 % of the total
number of geomedia siimples, but not less than three.

10. Calcnliition
lOJ Calculate ihe distribution :I follows:

/ (A - B)VAJ = -(JJf (5)

where:
11 inìtinl.concentration uf the solute deJirlod as ihe mean

concentration of the blanks, flg/mL,
final concentration of the solute iiller 24 h in contact
wilh the geomedia, ¡ig/iiL,
volume of sohition used, iiL.
mass of soil expressed onilal oven-dricdbiisis, g, mid
distribution coellcìeill, mUg.

B

V
M,
Kd

11. Report
ll. The K" value must be clearly marked as ilOlieauílib.

rium 24-h distribution coellcionl.
I i.2 Both the initial solute conccntration (A in I n.l) nnd Ihc

Ilnal solute concentration (8 in 10.1) must be reportcd.
I J.J The initial and final solute concentration for each blank

(solution without gcnl1edin) must be reported.
i 1.4 The mass of the sorbenl (M, in 10.1), VOlUme of

solntion (V in 10.1), and Ihe room temperlltiirC at which the
rotary extractor WiiS operatcd llust be reportec!.

ii.s RepoLt the temperaturc of the solution and any changes

noted in 9.1 L

3
l_kuiU.;I1'W~I;r~S(iilatl
Nù- 11) RoS3lJ, OWir4X7 16'25:): MOT
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ltiatètÍiH (~ÓfuediÍl) fClI' M h.After 2'1 h.eqtììlbrl\un between
thesolìd and solution phase is presumed to occur. 'lhe
eOlicentrationoholute rem¡¡ining in solutlon i.s niellsiired 1I1d
ihø am9unt cifsolniø udsorl)ed is culculiite.4. QivlW (hat t)e
nln5sofsolid pb¡ìe is kllown, Uie distr\biilÍoncneffeient ¡or
ihe specified experimental conditions can then blf ealciiiated.

5. Sigiiilcauce and Use
5.1 This test mettiod is meant \0 allow for a rapid (24 h)

index of l\ geoniedh¡'s sorption aflnity for given cheinicalsor
leachate constituents. A large number of samples tileY be fUn
using this test method to detenilÍne a comparative ranking of
those samples, based upon the amount of solute sorbed by ihe
geoiiiedia, or by various geomcdia or leiichiite constituents.
The 24ch time Is used to ¡ìiake the test i;oiivenieiit and also to
minimize microbìiildegridalion which may he a problem in
lonEer-timed procedures. While K,¡ values are direetly appli-
cable for screening and comparative ranking purposes, their
use in prcdletive field appticutioiis geiirally requires the
assum¡iiion thai K" be a lìxed value.

5.2 While this test method may be useful in determining
24-h K,¡ Wlues for nonvolatile organic constÌlueills, interlabo-
ratory tesiing has been carried out only for ihe nonvolatile

inorganic species, arsenic and cadmium. However, the proce-
dure has been tested for single laboratory precision wiih
polychlorinated biphenyls (PCßs) and is believed to be useful
for all stable and nonvoliiile inorganic, and organic constìtil'
ents. This test method is not eonsidered appropriiite for volatile
constiluents.

5.3 The 24-h time IimÎl may he siillcient to reach a
steady-state K,¡. HQwever, to report this determInation as l\
steady-slate K,i, this tost nieihod should bê conducted ror
intennediate times (for cxumple, 12, i 8; and 22 hlto enSure that
the soluble concentrations in the sohitiun have reached a stel1dy
sinle by 24 h. Refer to Tesl Method D 4319 for 1m altcrri\te
procedure of louger duration.

6, Interferences

6.1 When deä1ing \vilh solutes òf nnkno\Vii stability eitherÍli
contuot with ìhe gcomedia Or when lIsecl as blanks, care mUst
be taken to determine if volätilizaHon, hydrolysis, photodeg-
radalÍmi, nÜcrolii¡¡1 degradation, oxidatioiicreductioii (for ex-
ample, Cr)+ to tr~.') or oUier physicochemical processes are
operating at li signifcmll rale within the time frame of the
procedure. The siabllty aiid hence loss lÌ'om solution may

affect tbe outcoine 01' tbis procedure if the aforemeutioned
rcaclions are signincant. The compatibility of the method iiod
the solute of interest may be assesscd by detcniiliiing the
differences between the initial solute concentration (see 9.8)
and thc final blaiik ConCelîtrationiil'the sohite(see 9.15). rfthis
di ITerenee is greatcr than the expcclcd preeísioiiiif the method
(10 %), then the /(.1 vulue generated may be unreliable iind
ilus! be carefully cvahiined.

~lfll1\HSf'tlltitlitfoo..( ~~ ~tllIn4W;t& !i&1I trti ifJ

7. Appitl'lItus

7.1 AglfátÎM E'qr(Ìpmenl-Tliiiagitat1ol1 eqûìl1trlll1t tgbe
used i~ thc fghiry solid waste exlractoiJ .sPlcifled 111 '!st
MetliÒd D 3987,

7.2 Eliose Sepolmion EqllÎpnuml-A rtUratiotiapparitus
madc olmat\trials cgmpatible witli the.siilulions(icÌìg Iltered
and. equipped with. ill)5-¡tl1pó!'è siz¡f¡nefiíbtãMÌìllèt,ótil
constiint teinperature centrilhgecapablC of' sepiiritiiig iiartiêles
with diameters greater than 0.1 11m (see Section 9). llorgaiiic

coinpounds are being measured, the fitration apparatus, cen-
trifuge tul.es etc., should be compatible with U\í coniiiounds
being l\1ellSUred (tbat is, ghiss or stainlMssieel) Sorption of
soluleonto the fiHration memhraiic may besigiiifieani for some
soMes, and mustbeevaluated by the use olblanks through all
steps of the proeedÜl'.

7.3 Coltla;irel's"--Rmilid, wide-mouth bottles eoinpatible
with the rotary eXtractor (Test Method D 398;7) and of compo-
sition suitable to the uature ofthe solute(s) under investigation
aiiclihe analysis to be perforriied wilbtf used. For nohvól¡itile
inorganie constituents, high~deiisity, Iineir polyethylene hotttes
should be used wiih tbe size of the hottle dietuted by sample
size, and the need lor the Solution to oecupy 70 10 80% of.ihe
eonlainer volumiJ (that is, 125 mi', 250 mL, OT 2.i' botlles for
sample sil!es of 5, 10, Or 70 g respectively). For nonvolatile
organic constituents, TFE.fluororbon, glass bottles, or stain-
less steel contninel's with water-light closures made of ehemi-
ct1l1yinert mnterials should be iised with size requirements
being the same as for nonvolatile inorgunies. Coiitnincrs should
be cleaned in a manncr consistent wltli ihe analyses to be
perliiriiied. Samples of the solutions to be analyzed shoulcl he
s.tored in similar chemically compátiblë bottles.

7.4 l)alal/ce, hiiving II minÎinum capacily of 70 g and a
sellitivily of :to.OOS g shall be used.

8. Reiigents

8.1 PI/I'ity af l?eagel/ts~~-~Reageut grade clmmicals shall be
used in nll tesls. Uiiless olberwise indicated, it is intended that
all rengetlts shiill conrotllto the speeileati9ns of the Amer(can
Chemical Society, whetesueh specHicationsare available:
Other grodes rl11Y be used, provided it is Iìrst ascertained that
the reajlent is of SUlTciClilly high put'iy to pennit Íls iise
wilhout lessening the accuracy of ûie determination.

8.2 PI/rity of Wa(er-~' Uhless otberwiseindicated, refer-

ence.~ to wiiter shall be U1iderstood to mean Type IV reageut
water of Specilìeation 0 1193.

J llîimior¡d$lonc, n~ T., fJUl'kèt R. W.'. amI Gnmer, f'L L¡ "Improved leach

MeaS1lrem~nrs on Solid Wl\stos,.i ¡fS'fM SIilftJmrll7lfion N(,i..'s. June 1982,Pll.
2S~J3 .

4.RerISi"1J Chemlcn,s, AfI(,,.iflin Clll!1ilóJI Sm..'kty 5jmcl!kYifÍoJl:tl. AmericBn

Chell1ictt Sl)iclY~ Washingtoii, DC. F:or itlg.csiolIS on ihc icstingotroagcols not
lisliX. by the AmcrIi,an Chcmklil Soi:eiy~ sc~ Alia/fir Standf,rd\' lor LAboYl(cuy
CltomÜ:1I1s, nou Lid., Poo.le. Doriet, U.K., and the Uii(fiid SI(lts Plwnu(icoptia
ImclNdfÎOIlli1ForJl/il((ry, U.S. .\liannm:op.eìnl Convenlinn¡lncT(USpq. Rockville,
MD.

2
=~r~~~t9~¿~~~if)
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I 1.6 NìllØ and report negativ~ Kil viilues whenanHf they'

oçcur: Nè d Valacs may QCi1r .if ale geÒi)i~dì!l coi¡tains
tle lest s r to. tile llpfHicátiòri ót the method.

1'.1 ltis suggesteii duítlle pH of the sorbenl-solule mixture
be delll.llliued prlpr to separating the sorbenf fl'om the liquid
and reportd where rCØiible.

lZ.Predslon. and Biiis
i 2.1 An Ìl¡lerlnboràtory round-robin test wasconduclcd at a

soH-ta-Solutio!i ratio of I :20 using 70.0 g of soil. Intratabom-
tory teslingusÌliga 1:20 soil'IIHOlutioIl ratio was carded out
with no. sigtlWcani loss of precísion for soil l1)aSSes or 5.00,
10.0, and 70.0 g. Thcrefore, it is specified ¡hat the soil.to-
solution fáLio bc 1:20 with the working ináss of soil (on un
oven-deled bäsis) between 5 and 70 g.

12.2 PreCisìon:

12.2.1 TheprecisiOl¡ of thistcst method is liniited by the
abilty to oblain a homogeneous suinple of geomcdia..und the
precision of the various methods lisea II) carry out the
procedure (that is, mass dctcrniinatil)liS, initial aiid 24.h
concentration of eonslÍucl1s).

12.2.2 A eoinprehensive overall preeisioii slátiiinent, eovi:r-
lng all species. is not feasible. Interlabol1tory les(ing of this
procedure, usingCldmiull and arsenic ns sorbati:s, with live
indepçni.ent luborntorics, and single laboratory' (esting with
PCBs indicated that ¡) eoeflìcicnt ôf variation of less thaii 10%
is obminable.

12.2.3 For nsuintiinry ofinte.dahqtniory testing for the 24-h
batol1.type K,¡ determination SM Table I.

TABLe 1 Sllmmaryoflnlarlabøfltøry Tosllng for tho 240h Bateh-
TYPO I( Doturmrlliiløn

Soli 1 SOli. 1 Soli 2 SOliS S01l

10 200 100 100 100
111~i.1 ConcCnlrlioii. vglmL

C"d(nlurt Carbonato (a.
CdCO.):

5(K",niUg 1568 96,3 ag.So 69.74 26M
sisi'dòtd doýrotìQ, mU9 "156 "6.32 :1:1.73 i:1-:87 ",'2.64
Coeffcicml of variation, % 9.95 6.:36 11.3 11.9 9.14
Number of ropliQates 12 12 10 12 9

Ärs(JJ\ic (as KHiAs0,J:
X K", mUg 15.42 2.75 4.95 i,25 2.99

Staiidard OOvla1",II, mUg ,,0.92 ",,0.a5 .'0,27 "0,26 l.O,2D
Coaffcientof vnrlatlon, % 5.99 3Q. 5.53 7.66 6.52
Numbor or replicates 12 12 12 12 12

12.2.4 For a summary of single laboratory tesling for liD
organic solute see Table 2.

123 lJáS~A determination Ilrthe bins for ihis i)rocediire is
not possible sillC no standiird soil or allenlate teclinìqiw exists.

TABLE 2 Summary of Single Laboritory for an OrganiC Soiute

lnl\lt:l-CancentraHO!l, votml
$011 iA
0.216

(0 % Ace.
torlO)

Soli 2c Soli 2D
0.2t6 0.187

(0 % Aco. (20%
tono) AcCloiiO)

Sol 1"
0,187
(20%

Ac.tone)
PCB, (ll Nocior 1242);

X kJ, mUg
Standflrd doviatlon, mUg
Coeffcient of vnrlalion, %
Number of replicates

À Soil1-Catln siir 106m.
s-SQU 2~Sangi1mdn paleosol.
c SQil3..Kaollhìlß clay,
o Soli 4-Vandall. iiii. unilleroø ph....

708
.U8.41
2.31
4

7S.62
:t3A5
4.39
4

23.83
."1.46
6.21
4

2.28
"0.11
4,a2
4

ASlM In(etrafloallakes no. pas/lion rô$lK/lg ffl I'lIdlly olany pilleni rights ....rled In connec/ion With any ilem me/lflon.il
in fhiss/nndrd.t,éfofllis sll1rr.atO exproSlIY acNiso Ihal dilermintlOn of/h. v¡J/ldily of ony such pal.nl righfS, andfl,e rik
01 InftIngomonl oi.uc rights, ilro o/lliraly Ih.~ own ""pansibIIify

Thlsstsna8(drs_subJøët(~.revù;kJl at ~t time by IIJO roponfJibla lncinfcøJ comnßttøu and must be revlewod avery fiva years,aod
If notraVJiltJ(J/tr rò8f1Prpvød orwithdrÐ,Wt. Yourcommanlsare Invited aitfer for f6visfcn ofthrs standar or fDr addltona' sland8(d~
Rnd'ßhoulclbøsdßrossad to ASTMlnlomnUonsfHosdtuartlS; Yoar CQnlIU8nts'_wiJ recivø careful ~OnS¡derat¡cm at 9 moøtfngor,he
rosponsIblø IOChnfc81 èdmmill.a, whli )'psr eUanil. If ytnlDa/tlial yonr commanls havD nOl rowlvail a (a~ heollng yon $hould
moke your vi."" known 10 tll. ASTM Camml/i"" "" Sfsndsrr. allhe address shown b.low.

¡J,/s$tandord IH"pYrglllad by ASTM fnlemotlonal. 1008ali l1aiflr DrlV(. PO BOX C100, WaslConshohoken, PA 1!J2B-959,
iJn/f1J $liiti.1ndivldV.' ,"prÙils (.ingla or mviflplø coPi..) olihlsslalJOrd may be Obf8írilJ by conf.ctlng ASTM al fl1. iibvl'
addr..s or al 810.832-9585 (phon.): 810.832-9551ì (!i). or ..rvÎc~.slm.Dr¡ (a.mal!); or II"ougll /he ASlM \V"bsire
('WN.".lm.oig),

~o¡fttiHS
Nò fW~ó(nifwki pIf1fIUod Wiiolllll~'tIm ìli

4
~WM.~iu.wiV5911&iUOl
Nc_foRii6.lii,03/I/Xl1S'2;30Mfn
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APPENDIX H. XRD, XRF, BET, and Gamma Sample Preparation and
Analysis Procedures
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The following procedures were sent electronically in a folder entitled "Appendix H _ XRD, XRF,
BET, & Gamma Procedures." Within this folder are the following fies:

1. ADS-1120 XRD.pdf:
2. ADS-2420 gamma.pdf:

3. ADS-1115 XRF.pdf
4. ADS-ll14 BET.pdf

XRD procedure
Gamma sample preparation and analysis procedure
Rigaky ZSX 101E Wavelength dispersion XRD procedure
Operating the Micromeritics ASAP 2010 BET procedure

Page 85
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APPENDIX I. M&TE Approval of Balance Used During Study
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Certicate of Calibration t!~
IlisUlldby.

Savannah River Standards/Labo:ratory
Westlni;house SRC, Bl.l1dlni;736-A

Alken, SC iaiio 1

M So 'lE #. iw~oi05 cd :e:iocl!d1.:t i
al\~cl\/n.4 (08/16/05)Psiie:dpt:lon., Bl\CE

ManufaetuJ:ør. SARTORIUS

Moiìel#. R-200D
Serialil. 30200365

Calibrateiì, 02/05/2007
Cal Calculation.

N/A
Frequ~tnd:Y
Expirøii :

12 Months

02/0512008

NIST Traoeabie Standard(s) used, (Expiration Pata) i
SL'-5KGSET (04/8/07)

Print Speoifioation. N/A
T~ø eiit~ted unoertainty (k-2) of the standard(s) and measurement prooess at SRSL is.
SEE ATTACHED SHEET

The measurements made on IW-Ol0S were obtained at 23 +/- :i. O'c and 10 i RH
CAIBRATION DATA FOR IW-010S

SEE ATrACHED FOR BALANCE CALIBRATION DATA.

THIS INSTRUMNT PASSEP CALIBRATION. AS FOUN . AS LEFT.

The aSSigned unoBrtainty of thø tJ aii d..tB:ined by tolerancB tést i..:

SEE AT1'ACHED

Metrologist, _D_'__~'_..!-:i-T_H_"~r-~_______M_____
"ignature

C/ --~-_-_-______ticnEngr. lnit.
-.._.-..._._----

PH lnit.

Note 1: This ceriificate shall not be reproduced except in ful without the advanced written approval of the $RSL.
Note 2: 'l1e 'as received' condition or the standard, set or standards, or meaSUrement equipment described herein Was

as expected, unless oiherwise ¡ioled in the body otthe certificate.

l!m'llJ.!lnJlIm~~II'1 P~ge -- of .t
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i:åli1v4 a/1l/05 MOdified l)y.iPClijrks.1ljlI

Apptovedqy WA. Hei\è!erllOi\Š-16.oS

SRSMethod

MODEllt
Confidence level

QA L1mlt (%)
Sen. limit (g)

1 Bal. Malnt. SO
Wi. Set Selection

page 2 Of¥
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I'Ûlèlloiill .

~
PINOle

VliQi In,po.II'm
It il fl..bwøl p lU
Cltr," PM'

Com of

ToW Uiio.rll. 95% III

Gramll
0.Q0072
o 00059

MOOC2
0:0040

High WI.
Mlddl. WI.
low WI
MInimal WI.

QA.BALAeE CERTIFICATION
NOl' CÓllHl..lòn d...d.l., .

B~I_'llJtô,iilllon
Mon.t..iy,., S.rto,l.i
MOO~' A~OOD
JO Nllmb.r IW.Ol05
laÍlReom4 77:iAl122

Po..
Pah
..~

j:au

High WI(a).
AVERAGE 1 99.ooQ420
BI.. (abo) .0.00502
% BI.. -9.0I9B
% RSD o,OlSP(abol o.(lS
MaiSO 0,00201

e..i'YIoI.d 1 Nó.i¡¡lgnlfó",j\

Poolod:Ablt, Sld.-Oøv.. 18 df:i
Tab.oct 'eiii (09'! Coot.l_
T.blid F 2, ìelilÌll lIonl,.

CC P ANcit ClIlT IA
as sOALl lis
aa

i\ e 'ases

£!Tance
ASLFt =

:í._ø _ tø.rn. mtnlml.m
0:3 gnüìi:mlnltìllJin

~-Wël- hllii,o Ml1inl-aJn QAToit Umlt.. wthoO;7% confidence
bo-wòl - hèdló øialOtln3 Štantlørd ti~vlatlon ì.lm"_ 0 0.1 % ToJinanciè Qr IJP

Plot of BlaR DeVlaUolÌs In Balanè~ SO',
0,5

,! 0,0
§ ~O.5

~ .1.0

.l -1.
~. '2:0

'S .2,6 '
q¡ -3,0

-3.5

. ----... ---'ll/'O-ø(t..- -- -- _.- -- - ..._.~--_.. -.

._~ --- - --- - -- -Òc-.-.¡..-- --- -- - - ----- - ---- -- -------- - -~- -- - -- - --.
-~- -- ---- -- - -------~-iu:i_1C! -----

!. SOnslllvliy Wt. ~ lowWt. . Middle Wt. 0 High Wi,!

MldWI(.).
99.G004oo
-0.00
~0,000
0.00~
0.00
0.0001

NoIS! nm.1l1
0,OO2~

2.921
6.23

Hf¡hWI.
Mlddl. WI.
towWl.
MI.' .1 WI.

~Fó~Ö8

SI.U,I,.
low WI.

49.90080
.0,00117
,o,0034
0,00
0,0000
O.OOoo

NolSlgnifical
Tah, Chi Sq ~
Cal;,ChlŠ =
F Stall_fie ~

Mlan Wt.
199;99942
BO.9914
49,9l8

1
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Mlnln\oIWI.1.o0
0.0~2
0,0001110
0.~~00
0.o0
0.000200

Not S nlRc:anl
32,0
Q.2

Not $1" nWc-all

Cô.ttoI1ln\1I1
3 DEV'S

0.OOiJ701
0.~~03144
O.00B260.003

by JPCI.,k 8.\8-8.
Il.nd.,.o. llliiS

7
DOT

Sl-5KGSE'

Lo Imll
lll.9Q9l113
99.00819888
ó9.QIlQIG911
O.ggll3ge997

HI h Umn
200.00227
l00.0Q1
50.0040083.00

10;0

6.0.
j 0.0~
~ .5.0
~ -10.0
el

-15.0

-20.0
Sol1sllivlly Low Middle

(J Avg. Bias

Plot ot C"'Mrload Dévla!lons from 1\V~r.ge

0.0
ll

.0.1 - --,---- - - -- - - - -- -. - - - ------- - - -- - -:5
" .0.2 - - - - - - - - - ------- - ~ _..- -- - - - - - - -- - --a'",! .0.3 - -- - -,-- ----- - - -'- --- ------ --'-- - --- -ì;
'"

~
.0.4 ~,- - _..,- - - -- --- . -- - - '--- - - - - -- _._-----
.0.5 ------P-- --'---G--~,-,- --,-~ - '-----,. -- --
.0.6

Top Righi Bottom loli

Plot of ShU6$,9S% Molni,ErlQt Bari,&. Abaolut.,SPs.
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JohripCIÈlr!ìsRNUSrs
02í01l12007 10:25 AM

Ed,

Ricky is checking on the localion öfthese balances and Wil make them his number 1 priority for today.

John P. Clark
Phone: 803-725-3654 pager 10178
SRB 736-A
Atken, 8C 29808

Edward PolzBRNUSrs

To Edward POIZ/SRNUSrstSsrs

.cc F~arlcKLeaç:htSsi;'9()v.. Raymond Gayl$RNUSrsrQ$m.
Ricky Smilh/SRNLlSrstSsrs

bee
Subject Re: Priority Balances('

(.. Ec:rtfPoIz/SRNUSrs

i- ""'''''OO'''"M

To Jöhnp CJilrkSRNUSrs(QSrs. RlekySmrthISRNUSrs(QSm,
Raymond Gay/sRNUSI'(QSrs

CC Frederlck.Leaeh(Qsrs.govtSSrs
Subject Priority Balances

Ed Polz
Metrology Manager
Savannah. River National laboratory
803-725"0955

"The most terrifying words ¡nthe English language are: I'm from the government and I'm here to help."
- Ronald Reagan

~5' tloßf
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Certficatè ôt CaIìbratiøn ~
Issusdby

Savannah 1Uv~.' Stl"îitlåj;dsLaboratory
Wssllh9h()u~ii $Ra,I3UIlØliiìl7~6.A

Alkiii.SC29801

!I ~ nii WP-550
Dncri~tiölH Wi;:tOHT SE'I,l!oG~100G

Mán~fact\lrer i 'l'ROEMNER

Cd. PJ;öd.~U:t.II.I0.l~;30LRE.2

Mödellh
~hlrial# i
Calibrated i

l"requency i
El!ires i

N/A
53514
08/08/2005
24 Months
08/08/2007

NIST Traceable stándard(s) ~sed, (Exiration Date) i
SL-1005 (CBU) , SL-749A (CBU) , SL-20KOWTSET(04/21/08)

Print Specification i n/a
The eetimated uncertainty (k-2) of the stándard(s) and measurement process at BaSL is.
SEE ATTACHED DATA SHEET

The measurements made on WP-550 were obtained at 23 +1- 2.0'c and 33% RR

CA:.E!RA'l:iON DATA J'oa WP-550

SEE ATTACHED INSTRUMENT TEST REPORT FOR MEASUREMENT DATA

NOTE: CUSTODIAN REQUESTED TOLERANCE: NONE
NOTE: THE WEIGHT SET HAS MET CLASS 2 TOLERANCES PREVIOUSLY. THE WEIGHT SET MEETS CLASS 2 ".
EXCEPT" THE 20MG WEIGHT. IT MEETS CLASS 3.

THIS INSTRUMNT PASSED CALIBRATION. AS FO~ _ AS LEFT

The assigned uncertainty of the UU as determned by tolerance test is,

SEE ATTACHED SHEET

Metrologiit i ~~.__~.__S_~I_~H__~_Ç2lM______ _ __~ __
Signature --~~-

PR Init.
__~~~?~~qo"

Engr. Init.

Note t: This certificate shiill not be reproduced except in full withuut the advanced written approval of the SIlSL.
Note 2: the 'as received' conditióh of the standard, ~el uf slandards, or measurement equipment described herein was

as expected, unless otherwise noled in the body of the certíficale.

IJmwlll l1~niløJ.!I Page -l of --
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Mass Cälbrntio1ì Data SunU.tiary
.. .. .... ..;,.:.- -'".-"..... .". -. '-'.-'" "';~'/'A:.:::¿ .;y,'

Co

WSRC-STI-2007-00244

0'8/08/2005

LERAeE REQl)EST: NONE. THllWEIOHT SET HAS MET CLASS 2TOLERANCES
PREVIOOSL Y. TH WEIGHT SET MEETS CLASS 2 "EXCEPT" THE 20MG WEIGHT. IT MEETS CLASS 3,

Q\1ertties are calcl1lajed iisÙ1g tliø GU¥tjjili.òiii1K§~; They arere¡íorted at K=2, 95% CÒrid.\nce.
ii I pìeeeASTM Class 0 Welgbis Calìbr!\tet.tatNlT 811lOi.

NomWt . 'I1Î~Mii$$ lRglee ..
t mil ~ in :10 mg O.o20 !L70
2 irl. :l:00892ÖooO mf mg O.ooM 2:70
-2 m& · 2,Qi.04~otiØn . mg.I,.'"'' IDS 0..0020 2.70
.) mg 4.9909033301ng mg l)O~ i 2.70
io mg 9c9!l(l190000ttg. 9;. mgO.,Ø,(l2(l 1.70
2200, llg i 9;9901Ô667 ¡illiyg ~ 22,,7700mg · 19:!l962'75a'l mg .tI ~ '50 mg 50.öb101iJ(j'l,~lÏg ttli 0.002Q 16.60
IQO mg IOO.0143~!S2 Ìtg 100.0221325 mg O.OO:ZÒ i6.do
200 r¡ 200;QI~4~46 roll .:zOö.ii~l02!l~ mg Q.Ôf9 i 6.60

~~l~ :: · ~i9.0o.~0::g....' ¡;:::~:~:::: °00"~0'0022~6'.. :8~'oo:~,~.. _ hlJ'l3Ö40 g
2 g i.oo00314ÔÔ"g' '2;000031411 g 0.0026 8:00
2 g · 2,000019100 g 1.0019300 g 0.0026 8.00
5 g 5.000008160 g ,$.cJ.dOOOa16ò g 0.0031 8.00
10 g 9.9999881 g 9.9999887 g 0.012 8.00
20 g 19.99987 g Ij),)99981 g 0,013 8.00
20 g · 19;9999'87- 'g 19;9~99S7 g O~-u13 8-.00
50 g 49.999907 g 49;lî9lî907 g 0.016 8.00
100 g 100.00002 g 100.00002 g 0.023 8.00

-Paget of2 -
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List of Equipment Used for MACTEC’s VC Summer Projects 
      
Instrument  Room Building  
Balance   B122 773A  
Balance   C142 773A  
Balance   B046 773A  
BET Analyzer  B046 773A  
XRF Analyzer  C142 773A  
XRD Analyzer  C130 773A  
Gamma Analyzer  B022 773A  
      
      

   
 
    

      
     2/9/2007
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APPENDIX K.  Personnel Qualification 
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Approval of Qualification of Personnel Working on VC Summer MACTEC Project. 
    
 Individuals Task  
 Daniel Kaplan Project Leader, Scientist  
 Carl Black Kd Measurement, geochemistry measurements 
 Dave Diprete gamma radiation measurements  
 Art Jurgensen XRD, XRF  
 Dave Missimer BET  
 John Connelly QA  
    
 I approve that the above personnel are qualified to complete their respective tasks:  
   
   
  2/9/2007
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Figure 4.  Organizational chart of the personnel working on project. 

 

Dan Kaplan 
(Environmental & Chemical Process Tech.)

Project Leader 

John Connelly 
(Quality Assurance) 

QA 

Analytical Development  
Section 

LIM’S System 

Carl Black 
(Environmental & Chemical Process Tech.) 

KD Analysis 
 

Dave Diprete 
(Analytical Development)

Section 
Gamma Analysis 

Art Jurgensen 
(Analytical 

Development) 
Section 

XRD XRF

Dave Missimer 
(Analytical 

Development) 
BET 
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Personnel qualifications are presented in a separate folder sent together with this document 
entitled “Appendix K_Personnel Qualifications” Within that folder are the following five files: 

 
1. Daniel Kaplan.pdf:   resume of Dan Kaplan 
2. Connelly.pdf:    resume of John Connelly 
3. Black.pdf:    SRNL training record for Carl Black 
4. Jugensen.pdf:    SRNL training record for Art Jurgensen 
5. Missimer.pdf:    SRNL training record for David Missimer 
6. DiPrete.pdf:    resume of David DiPrete 
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APPENDIX L.  Chain of Custody of Rock/Soil and Groundwater Samples  
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DISTRIBUTION 
 
 
Clay Sams  MACTEC Engineering and Consulting, Inc., 2801 Yorkmont Road, 

Suite 100, Charlotte, NC 28208 (5 copies) 
 
Dan Kaplan   Savannah River National Laboratory, 773-43A, Rm. 215, Aiken, SC 

29808 
 
WPT File Savannah River National Laboratory, 773-43A, Rm. 213, Aiken, SC 

(2 copies)  

DCN SC412 Rev 4



SAVANNAH RIVER NATIONAL LABORATORY Manual: L16.1 
ANALYTICAL DEVELOPMENT SECTION  Procedure: ADS-1114 
ADS ANALYTICAL OPERATING PDOCEDURES Revision:  2  
  Page: 1 of 19 
TECHNICAL REFERENCE  Effective Date: 7/15/05 
    
 

Procedure for Operating the Micromertics ASAP 2010 
Surface Area and Pore Volume Analyzer (U) 

    
Minor Revision 

 
 
 
 
 
Author/Task Supervisor: SIGNED COPY ON FILE  
 D. M. Missimer 
 
 
 
 
 
 
 
 
Peer Review: (Not required for minor revision) 

 A. R. Jurgensen  
 
 
 
 
 
 
 
 
Spectroscopic Research & 
Instrumental Analysis Manager SIGNED COPY ON FILE  
 F. M. Pennebaker 
 
 
 
 
 
 
 
 
ADS Procedures Coordinator: SIGNED COPY ON FILE  
 L. Hillary 
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SAVANNAH RIVER NATIONAL LABORATORY Manual: L16.1 
ANALYTICAL DEVELOPMENT SECTION  Procedure: ADS-1114 
ADS ANALYTICAL OPERATING PDOCEDURES Revision:  2  
  Page: 2 of 19 
TECHNICAL REFERENCE  Effective Date: 7/15/05 
    
 
I. PURPOSE 
 

This procedure provides information and instructions required for routine 
operation of the Micromeritics Corporation Accelerated Surface Area and 
Pore Analyzer (ASAP) Model 2010 by technical analysts. 

 
II. SCOPE AND APPLICATION 
 

This procedure describes the requirements for the use of an automated gas 
adsorption apparatus to measure adsorption isotherms using nitrogen or 
krypton at liquid nitrogen temperatures.  Included are sample handling and 
preparation procedures, instructions for sample data acquisition and 
reduction using Micromeritics Windows 95-based software, required 
operating conditions, and quality assurance procedures. This procedure 
applies to the determination of BET surface areas by nitrogen and krypton 
adsorption, the determination of Langmuir surface areas by nitrogen 
adsorption, and the determination of pore size distributions by nitrogen 
adsorption.  Other operations, including argon adsorption experiments, 
micropore adsorption measurements, and density functional theory (DFT) 
analysis of micropore adsorption data must be performed under direct 
supervision of the Task Supervisor.  This procedure is suitable for 
research and development samples only. 

 
III. RESPONSIBILITIES 
 

The Task Supervisor has overall responsibility for safe, efficient and 
effective operation of the Micromeritics ASAP 2010.  These responsibilities 
include laboratory safety; analyst training, methods development, and 
sample scheduling.  
 
The Technical Analyst is responsible for all aspects of routine operation 
such as routine sample analysis, routine maintenance, scheduling service 
calls, ordering replacement parts, gases, and liquid nitrogen, and keeping 
notebooks current.  The analyst shall notify the Task Supervisor immediately 
of safety issues related to operations, scheduling problems, or any other issue 
affecting routine operation of the equipment. 
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IV. PROCEDURE 
 
A. Manufacturer
 Accelerated Surface Area and Pore Analyzer 
 Model Number:  ASAP 2010 

Serial Number:  845 
ID Number:  00381999 
Micromeritics Instrument Corporation 
One Micromeritics Drive   
Norcross, Georgia  30093 
 (770) 662-3666 

 
B. DESCRIPTION 
 
1. Principles of Operation 

 
When atoms or molecules of a gas or vapor are subjected to the forces of 
attraction which exist in the vicinity of the surface of a solid, there is known 
to be an increase in the concentration of the gas near the interface relative to 
the bulk gas phase.  The accumulation of gas molecules at a surface is known 
as adsorption.  Physical adsorption, or physisorption, occurs as the result of 
van der Waals forces which act between the adsorbate (gas) molecule and the 
adsorbent (solid) surface to form the surface excess of gas (adsorbed) 
molecules.  The physical adsorption process may proceed from very low 
coverage to saturation, where the solid surface is covered with several 
molecular layers of adsorbed molecules and pores and voids within the solid 
are filled with gas molecules in a liquid-like state.  Note that the opposite of 
adsorption - desorption - involves the removal of gas from the surface.  The 
state of an adsorbed phase is dependent upon many physicochemical 
variables, including temperature, pressure, and the nature of both the gas 
and solid.  Surface properties of solid materials, including their state of 
subdivision, surface area, and porosity, have enormous impact on 
innumerable natural processes, and knowledge of these properties is 
fundamental to much of science and technology.  Amongst the various means 
of measuring such properties, methods employing physical adsorption are 
broadly applied in scientific investigations, product development, and process 
and quality control.  Adsorption data are measured at constant temperature 
and presented as isotherms with the quantity adsorbed on the y-axis and the 
equilibrium adsorption pressure on the x-axis. 
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2.  Instrument Description 
  

The Micromeritics ASAP 2010 is a state-of-art automated apparatus for 
measuring adsorption isotherms and calculating surface properties of solid 
materials from the data 
 
The ASAP 2010 system consists of the analyzer, an interface controller, a 
computer (referred to as the control module), and printer.  The instrument is 
configured to measure adsorption and desorption isotherms with nitrogen, 
argon, or krypton at liquid nitrogen temperatures.   
 
The analyzer contains two high vacuum systems, pressure measurement 
transducers, thermocouples and thermistors for measuring temperature, 
ports for mounting sample tubes, and a variety of electronic and electrical 
controls. 

 
The interface controller, the link between the computer and the analyzer, 
controls the experimental process, manages power failure and power recovery 
processes, and can operate the analyzer independently in the event of a 
computer failure. 
 
The Hewlett Packard Vectra 100 computer contains the software for 
conducting experiments and calculating results.  The operator cannot access 
the interface controller directly and must enter all commands through the 
computer. 

 
C.  SAFETY PRECAUTIONS

 
1. All SRS, SRTC, and ADS safety rules apply. 
 
2. For Liquid Nitrogen safety precaution, refer to Procedure ADS-1401. 
 
3. The operator shall be familiar with procedures for using compressed 

gas cylinders as outlined in the SRS Safety manuals.  Argon, helium, 
krypton, and nitrogen are all non-toxic.  A pressure relief valve set at 
20 psig is attached to the regulator for each gas cylinder.  
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D.  TRAINING
 

An Analyst must successfully complete the applicable training package 
to be qualified.  If an analyst is not qualified, data is reviewed by the 
Task Supervisor. 
 

E. QUALITY ASSURANCE/QUALITY CONTROL
 

1. Registered Notebooks
 

At the direction of the Task Supervisor, all quality control data, 
instrument status data, records of preventive maintenance and 
instrument repairs, and analyst training will be recorded in bound 
notebooks registered with SRTC Records. 

 
2. Instrument Calibration and QC Standards
 

There are no certified standards for surface area and pore structure 
characterization measurements.  A number of working reference 
materials for both surface area measurements and pore 
characterization are available from Micromeritics Instrument 
Corporation.  The National Institute of Standards and Technology 
(NIST) has several standard reference materials for BET surface area 
determination by nitrogen adsorption only.  For routine QA 
applications, an appropriate NIST, Micromeritics, or other reference 
material will be used as indicated below.  For special applications and 
customer-assisted QA, applicable reference materials will be chosen on 
an individual basis.  Results will be documented in a notebook. 

 
3. Calibration Frequency
 

The frequency of calibration of the ASAP 2010 is based in part on the 
one-station configuration of the apparatus and elapsed times 
requirement for a run.  A calibration run for a nitrogen five-point BET 
analysis requires approximately six hours.  At best, only two surface 
area runs can be made in one normal workday, so it is impractical to 
bracket each sample with calibration runs.  As indicated above, 
customer assisted QA requirements will be developed specific to each 
case. For ADS Routine QA, the apparatus shall be calibrated with a 
BET Surface Area reference material of surface of appropriate surface 
area range as follows: 
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a. at the beginning of the normal workweek; 
b. whenever analysis gas is changed -e.g. from nitrogen to krypton; 
c. following maintenance on the analysis vacuum system; 
d. following calibration of the calibrated manifold; 
e. when changing sample surface area ranges - e.g. from low 

surface area to high surface area. 
 

Standard reference material surface area determinations shall fall 
within the uncertainty stated on the certificate before customer 
analyses are run.   All analyses run within an interval preceding a 
failed calibration run shall be rerun. 

 
F. OPERATING PROCEDURES 
 
1. Preliminary Information 
 

a. Turning the ASAP 2010 System On
Place the power switches for the computer and printer in the ON 
position. 
 
Place the power switch for the Interface controller in the ON position 

 
Place the analyzer main power switch in the ON position, and verify 
that the red power supply indicators on the back of the analyzer are 
illuminated.  

 
b. Turning the ASAP 2010 System Off 

 
Always exit from the ASAP 2010 program before turning the system 
off. 

 
Turn system components OFF in the same order as they were turned 
ON (see above). 
 

c. Vacuum Systems 
 

The ASAP 2010 contains two separate vacuum systems.  The degas 
vacuum system is capable of attaining vacuum of about 0.0005 Torr 
and is used to remove water and other adsorbed contaminants from 
samples before they are analyzed.  The degas system is connected to 
two sample degas ports on the front of the instrument.   The analysis 
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vacuum system is capable of reaching 0.000005 Torr and is connected 
to the single analysis sample port. Periodic maintenance requirements, 
routine maintenance procedures, and leak test procedures for the 
vacuum systems are given in Chapter 9 of the ASAP 2010 Operator’s 
Manual.  System maintenance shall be performed under the 
direction of the Task Supervisor or a Senior Analyst and are 
not within the scope of this procedure.   

 
d. Filling the Cold Trap Dewar 

 
Both vacuum systems are serviced by cold traps cooled by liquid 
nitrogen dewar within the COLD TRAP dewar.  The COLD TRAP 
dewar must be filled about every three days.   

 
To fill the COLD TRAP dewar, proceed as follows: 

 
remove the blue insulator/stopper from the dewar 
 
lift the dewar up slightly above the mounting hook and lower until 
clear of the two glass cold trap tubes 
 
fill the dewar with liquid nitrogen to about 5 cm from the top; 

 
hang the dewar on the mounting hook support and place the blue 
insulator/stopper over the opening. 
 
Note About once each week, allow the cold trap tubes to warm to 
room temperature before replacing the dewar.  This will allow 
condensed vapors within the traps to be pumped off and assure the 
maintenance of good vacuua.  Dry the exterior of the cold traps with 
paper towels before reinstalling the dewar.    

 
e. Filling the Analysis Dewar 

   
The sample tube is immersed in liquid nitrogen within the ANALYSIS 
dewar during analysis.  The ANALYSIS dewar must be filled and 
installed on the dewar elevator just prior to beginning a run as follows: 
 
Fill the analysis dewar to the correct level with liquid nitrogen.  The 
correct level is indicated when liquid just covers the hole in the 
analysis dewar dipstick. 
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Place the analysis dewar on the dewar elevator. 
 
The analysis dewar contains enough cryogen for about forty-eight 
hours of operation. 

 
NOTE: The analysis dewar should never be allowed to become 

depleted of liquid nitrogen during an analysis.  To do so 
could result in high gas pressures within the vacuum 
system and possible damage to the apparatus. 

 
2. PREPARING FOR AN ANALYSIS  
 

a. Creating a Sample Information File  
 
The ASAP 2010 runs sample analyses and processes adsorption data 
on the basis of sample information files.  Each sample and associated 
files are identified by five labels as defined below: 

 
SEQUENCE NUMBER  a number of the form XXX-XXX beginning 
with 000-000 and incremented by 1 automatically whenever a new 
sample information file is created. 
 e.g. 000.001 
 
SAMPLE FILENAME The sample filename is simply the sequence 
number “dot” smp  
 e.g. 000-000.smp 
 
SAMPLE ID NUMBER a maximum of 40 characters sample 
identifier of the form [Sample Number - ADS Sample Number - 
Description] 

 e.g. 000-100.smp-300066666-soil from tank farm 
 

OPERATOR ID any entry of up to 40 characters, 
 e.g. Ronny and Donnie 
 
SUBMITTER ID any entry of up to 40 characters,  
 e.g. Frank and Jessie James-DWPF 
 
A sample information file is divided into the following five sections:  

 
SAMPLE INFORMATION 
ANALYSIS CONDITIONS 
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ADSORPTIVE PROPERTIES 
REPORT OPTIONS 
COLLECTED DATA 

 
Each section and applicable information and parameters will be 
discussed below.  

 
SAMPLE INFORMATION 

 
To create a new sample file in preparation for a sample run, click on the 
FILE header, select OPEN, and then select SAMPLE INFORMATION to the 
right and the open sample information dialogue window will appear.  Type 
the desired sample filename into the filename box and click OK.  The prompt 
“This file does not exist would you like to create it” will appear.  Click OK, 
and the Sample Information window will appear.  Enter the SAMPLE ID, 
OPERATOR ID, and SUBMITTER ID in the appropriate fields.  Under TYPE 
OF DATA click the circle labeled AUTOMATICALLY RECORDED.  Enter 
the Sample Weight, then click the SAVE button at the lower left of the 
window. 

 
ANALYSIS CONDITIONS 

 
Click on the top folder tab labeled analysis conditions and the analysis 
conditions window will appear.  In the Sample Preparation box, turn the Fast 
Evacuation switch off - no X in the box.  In the Unrestricted Evacuation box 
enter 5.0, and 0.5 in the Evacuation Time box.  In the Analysis Data box 
enter: 

 
Equilibration Time 10.0 sec; 
 
Click on the Maximum Volume 
Increment box and enter  25.00 cc/gm @ STP; 
 
Relative Target Tolerance 5.0 %; 
 
Absolute Target Tolerance  5.000 mm Hg; 

 
Minimum Equilibration Delay 600 sec. 

 
Next, click on the FREESPACE button at the upper right of the window.  
Enter the following information: 
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Freespace  click Measure; 
 
Post Freespace Evacuation click Lower Dewar; 
 
Evacuation time 0.5 hours; 

 
Leak Test Duration 180 sec. 

 
Click OK and the display will return to the Analysis Conditions window.  
Next, click on the Pressure button.  The pressure table box will appear.  
Pressure data points are entered into the table as relative pressure values.  
Attachment B gives a relative pressure table for nitrogen and krypton BET 
analysis.  Attachment C gives a relative pressure table for complete nitrogen 
adsorption and desorption isotherms for BET analysis and BJH pore 
analysis.  Enter values from the appropriate table in the attachments or 
other pressure values as directed by the Task Supervisor.  When completed, 
click OK and return to Analysis Conditions.  

 
Next, click the Low Pressure Option button and assure that both the Fixed 
Dose Mode and the Incremental Dose Mode are off e.g. no X in either box.  
Click OK and return to Analysis Conditions. 
 
Next Click the P0 and T button and enter the following information: 

 
P0 click on measure; 
 
Analysis Bath Temperature Click on Calculate from 

measured Psat; 
 

Measurement Interval 120 minutes. 
 

Click on OK, return to Analysis Conditions and click on the Backfill button 
and enter the following information: 

  
Backfill Sample at Start of Analysis click On; 
 

Backfill Sample a End of Analysis click On; 
 
Backfill Gas if the analysis gas is krypton, 

click Psat gas; 
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 if the analysis gas is nitrogen, 
click Analysis Gas. 

 
Click OK and return to the Analysis Conditions window. 

 
ADSORPTIVE PROPERTIES 
 

Click on the Adsorptive Properties tab at the top of the window.  If the 
analysis gas is nitrogen, click on the Replace button and the Adsorptive file 
window will appear.  Scroll through the files and find Nitrogen @ 77.35 
Degrees Kelvin.  Click on the file and then click OK.  The Adsorptive 
Properties window will return and the appropriate values for nitrogen 
adsorption will be in the tables.  If the analysis gas is krypton, repeat the 
above process using Krypton @ 77.35 Degrees Kelvin.  Finally, under the 
Dosing Method, click on Normal, then on Save at the bottom of the window. 

 
REPORT OPTIONS 
 

Next, click on the Report Options button and enter the options appropriate to 
the analysis to be conducted as follows: 

 
Krypton BET or Nitrogen BET Isotherm BET Surface Area 
 Options 
 
Nitrogen Adsorption and Isotherm  
Desorption Pore Analysis BET Surface Area 
 Langmuir Surface Area 

t - Plot Surface Area 
BJH Adsorption 
BJH Desorption 
Options 

 
Click on Save and Close.  The completed sample information file may now be 
called up for analysis or for additional editing. 

 
b. Preparing the Sample 

 
Samples of porous materials submitted for analysis may vary in form from 
extremely fine powders and soft agglomerates to hard chunks or 
combinations of physical forms.  If necessary, very large chunks may be 
broken into smaller pieces so that they may be introduced into the sample 
cell. Do not alter the state of subdivision of the sample material more than is 
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necessary to load the sample unless instructed to do so by the customer or 
Task Supervisor.   
 
All samples and reference materials to be analyzed on the ASAP 2010 contain 
adsorbed water and other vapor or gaseous contaminants that must be 
removed before analysis by degassing the sample.  To prepare and degas a 
sample, proceed as follows: 

 
1. Weighing the Sample
 
Obtain a clean and dry sample, tube seal frit, and filler rod (if necessary).  As 
a general rule, use a filler rod if the total surface area in the tube is (or is 
suspected of being) less than about 20 square meters/gram.   

 
Weigh the tube and seal frit and record the empty weight on an ASAP 2010 
Sample Data Worksheet (Attachment A). 
 
Add an appropriate amount of sample or reference material to the tube.  
Reference materials data certificates will give recommended sample weights 
for the reference material.  Appropriate sample weights for unknowns must 
sometimes be determined by trial and error.  The Task Supervisor or a Senior 
Analyst will recommend an appropriate weight for a sample of unknown 
surface area. 

 
Weigh the tube, seal frit, and sample and record the BEFORE DEGAS 
weight on the Sample Data Worksheet. 

 
2. Degassing the Sample

 
Remove the degas port plug by holding the plug with one hand and turning 
the knurled connector nut counterclockwise.   

 
Place the connector nut, steel ferrule, and O-ring onto the sample tube.  
Firmly insert the seal frit into the sample port.  Be sure to push the sample 
tube into the port to a full stop.  Tighten the connector nut clockwise until the 
tube is tightly secured.   
 
Place a heating mantle on the sample tube and secure the mantle in place 
with a mantle clip.  Insert the heating mantle power plug into the 
appropriate connector (left or right).  Insert the mantle thermocouple plug 
into the appropriate connector. 
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All degas operations are managed from the control panel on the lower front of 
the Analyzer.  Temperature controls for each degas station are clearly 
labeled.  The current temperature of the heating mantle will be displayed in 
the Degas Temperature indicator.  Set the desired degassing temperature for 
the degas port in degrees Celsius (ambient to 350 degrees C) at the Heating 
Indicator set-switches.  Use the - switches to reduce a digit and the + 
switches to increase a digit. 

 
Set the Degas Vac Set switches to 500 micro torr unless instructed by the 
Task Supervisor or Senior Analyst to use another setting. 
 
Place the AUTOMANUAL switch in the manual position.  Press LOAD, then 
the desired degas port switch, LEFT or RIGHT, and then BEGIN.  Next press 
the heater ENABLE switch for the degas port being used.   The analyzer will 
begin the automatic degas cycle. The analyst must manually time the degas 
cycle from the time the ready light on the degas panel is lit until the 
appropriate time has elapsed. 

 
When the degas cycle is completed press UNLOAD, press the degas port 
switch, LEFT or RIGHT, and than press BEGIN.  Press the ENABLE switch 
for the heater controller to turn the heating mantle off.  The degas system 
will automatically back fill the sample tube with nitrogen to a pressure of one 
atmosphere and evacuate the degas vacuum system.  Remove the heating 
mantle and allow the tube to cool to room temperature before removing it 
from the degas port. 

 
3. Transferring the Sample to the Analysis Port 
 
Remove the sample from the degas port, weigh the degassed tube, sample, 
and seal frit and record the degassed weight on the Sample Data Worksheet.  
Place a filler rod in the sample tube if necessary. 
 
Place an Isothermal Jacket on the sample tube such that the bottom of the 
jacket rests on the sample bulb. 
  
Remove the plug from the analysis port.  Place the connector nut, ferrule, and 
O-ring on the tube and insert the tube firmly into the analysis port.  Tighten 
the connector nut firmly finger tight. 
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4. Preparing for an Analysis Run 
Check that the cold Trap dewar was filled within the previous twenty-four 
hours.   
 
Fill the analysis dewar with liquid nitrogen and place it on the elevator.  
Visually inspect the dewar and sample tube to make certain they are 
properly aligned. 
 
Check analysis gasses. All appropriate gas cylinder valves and shutoff Nupro 
valves, and the correct analysis gas Nupro shutoff valve on the back of the 
analyzer must be open.  Set regulated pressure to 6 to 10 psig. NOTE - If the 
analysis gas is krypton, open the krypton cylinder valve briefly and then 
close it with the regulated pressure at 6 to 10 psig.  This will provide more 
that enough krypton gas to run an analysis. 
 

3. CONDUCTING AN ANALYSIS  
 

To begin an analysis, select Analyze on the Main Menu to display the Start 
Analysis dialogue box.  Under Analysis Settings, select no report after 
analysis by clicking the box until there is no “x” in the box.  Select the 
filename for the sample to be analyzed by clicking on it in the file box.  This 
will cause the correct filename to be displayed in the filename box at the top 
of the window.  When ready to begin, click OK at the bottom of the window 
and the analysis will begin. 

 
During the automatic analysis, the ASAP 2010 software displays ongoing 
pressure measurements, the current analysis step, the latest data point 
taken, and the elapsed time.  Additionally, a report may be presented based 
on the data taken up to that time.  Simply click on the report button at the 
lower left of the ASAP 2010 display.  Route the report to the screen when the 
dialogue box appears, and click OK.  The report will appear on the screen and 
the analyst may scroll through the various pages using the Nxt>> and 
<<Prev buttons.  To exit the report and return to the 2010 display, simply 
click close. 
 
Three software buttons labeled SKIP, SUSPEND, and CANCEL are 
displayed on the left side of the window.  The analyst shall not use the SKIP 
or SUSPEND button options unless instructed to do so by the Task 
Supervisor or a Senior Analyst.  The CANCEL button will cause the 
apparatus to abort the current run and safely return to the idle condition.  
The analyst may use the CANCEL button option to terminate a run for 
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reasons relating to safety or operational necessity without consulting the 
Task Supervisor.  

 
The ASAP 2010 is fully automated and will complete the adsorption analysis 
before returning to the ready condition.  When an analysis is completed, the 
sample dewar will be in the down position and the Display will show the 
instrument status as Idle. 

 
4. Printing Reports  
 

To print an analysis report, first check to be sure the printer power switch is 
ON.  Select Start Report from the Reports menu to display the Start Report 
dialogue box.  Select and highlight the file from which the report is to be 
generated from the filename box.  Select Printer under Destination, and click 
OK. 

 
V.  REFERENCE 
 

Micromeritics ASAP 2010 Operator’s Manual 
Manual L16.1, Procedure ADS-1401, “Liquid Nitrogen Dispensing (U).” 

 
VI. ATTACHMENTS 
 

Attachment A:  Micromeritics ASAP 2010 Sample Data Worksheet 
Attachment B:  Relative Pressure Table for Five-Point BET Nitrogen or 

Krypton Surface Area analysis 
Attachment C: Relative Pressure Table for Full Nitrogen 

Adsorption/Desorption Surface and Pore Analysis 
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ATTACHMENT A 
Micromeritics ASAP 2010 Sample Data Worksheet 
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ATTACHMENT B 
Relative Pressure Table for Five-Point BET 
Nitrogen or Krypton Surface Area analysis 

 
 

 Relative  
Pressure 

BT LA TP BA BD TP HK DU 
 

MP 

 0.01000 X         
 
 
 
 
 
 
 
 
 
 
 
 

0.03000 
0.05000 
0.08000 
0.10000 
0.15000 
0.20000 
0.25000 
 
 
 
 
 

X 
X 
X 
X 
X 
X 
X 
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ATTACHMENT C 
Relative Pressure Table for Full Nitrogen  

Adsorption/Desorption Surface and Pore Analysis 
 

 Relative 
Pressure 

BT LA TP BA BD TP HK DU 
 

MP  

 0.01000   X        
 0.03000   X        
 0.06000 X X X        
 0.10000 X X X        
 0.15000 X X X X       
 0.20000 

0.25000 
X 
X 

X 
X 

X 
X 

X 
X 

      

 0.30000  X X X       
 0.35000  X X X       
 0.40000  X X X       
 0.45000  X X X       
 0.50000  X X X       
 0.55000  X X X       
 0.60000 

0.65000 
0.70000 
0.75000 

 X X 
X 

X 
X 
X 
X 

      

 0.80000    X       
 0.85000    X       
 0.90000 

0.92500 
0.95000 
0.97500 
0.98000 
0.99500 
0.98000 
0.97500 
0.95000 

   X 
X 
X 
X 
X 
X 
X 
X 
X 

      

 0.94000    X       
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ATTACHMENT C (Continued) 
Relative Pressure Table for Full Nitrogen  

Adsorption/Desorption Surface and Pore Analysis 
 

 Relative 
Pressure 

BT LA TP BA BD TP HK DU 
 

MP  

 
 
 
 

0.93000 
0.90000 
0.85000 
0.80000 
0.75000 
0.70000 
0.65000 
0.60000 
0.55000 
0.50000 
0.45000 
0.40000 
0.35000 
0.30000 
0.25000 

    X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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1.0 PURPOSE

This procedure provides requirements for the wavelength dispersive x-ray
fluorescence analysis of non-radioactive macroscopic samples by the
Analytical Development (AD).

2.0 SCOPE

This procedure applies to all wavelength dispersive x-ray fluorescence
analyses or non-radioactive macroscopic materials performed by AD. This
includes qualitative, semi-quantitative, and quantitative determinations.

2.1 Definitions

A. X-Rays - X-rays may be defined as electromagnetic radiation of
wavelength -10-5 to 100 Å produced by the deceleration of high-
energy electrons and/or electron transitions in the inner orbits of
atoms.

B. X-Ray Fluorescence - X-ray fluorescence is simply the characteristic
secondary spectral line x-ray emission produced by an element.
The mechanism of production of these characteristic x-ray lines
involves the removal of one of the inner shell electrons to create a
vacancy in the electronic structure of the atom. This vacancy is
filled by one of the electrons in a higher energy shell. To maintain
conservation of energy an x-ray photon, whose energy is the
difference between the two leyels, is produced.

.

2.2 Responsibilities

A. Technical Analyst is responsible for:

. Preparing samples for x-ray fluorescence. This includes grinding
the sample to the proper particle size range, fusing sample with
appropriate flux, pressing pellets with binder, polishing
samples, fabricating custom mounts if necessary, and
positioning the sample properly in the mount and spectrometer.

. Obtaining x-ray fluorescence patterns. This involves operating

the x-ray generator, autosampler, fiters, detectors, collmators, .
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mask size, safety interlocks, Rigaku software, and computer
peripherals.

. Performing qualitative elemental analysis of sample data.

. Making simple electrical and mechanical repairs to the
instrument and printer.

. Maintaining safety inspections records, the XRF sample

logbook, XRF Calibration notebook, XRF maintenance notebook,
and all other general documentation required for laboratory
operation.

B. Task Supervisor is responsible for:

. Developing specimen preparation methods for proper

presentation of the sample to the instrument.. . Performing data reduction, analysis, and presentation of results

using Rigaku softare programs or other softare packages,

and associated computer equipment. This includes elemental
identification, semi-quantitative, and quantitative analysis.

. Keeping abreast of equipment and technology developments to
maintain a current complement of equipment, procedures, and

software.

. Communicating with customers to make sure that they are
obtaining the correct and most effective analysis.

C. Level 4 Manager (or designee) is responsible for reviewing and
approving the operating procedure.

3.0 PRECAUTIONSILIMITATIONS

3.1 Safety

A. Radiation Control

. . Access to the laboratory is limited by combination locks on the

doors per DOE G 441.1-5, Radiation Generating Devices Guide,
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for use with Title 10, Code of Federal Regulations, Part 835,
Occupational Radiation Protection. Only authorized equipment
operators and Building Services personnel are permitted in the
laboratory.

. Personnel using this facility are subject to requirements as

specified in the 5Q and L1 Manuals, Radiation Worker II
Training, Radiation Generating Device Training, and the XRD
Operating Procedure.

B. X-ray Exposure

. The main hazard associated with the use of x-ray equipment is
overexposure to x-rays. The spectrometer, as currently

configured, is an open beam instrument. However, because the
equipment enclosure provides a radiation shield, there should be
no personnel exposure unless it is bypassed or fails. This
procedure complies with WSRC 5Q1.1-524, Ionizing Radiation .
Generating Device Control Program and WSRC 5Q1.1-525
Inspection and Survey of-RGD's.

. X-ray equipment may only be used following posted operating
procedures, or with a written job plan approved by the Task
Supervsor.

. RCO wil conduct a semi-annual radiological survey to check for
any radiation leakage and to test equipment safety interlocks as
required by.WSRC 6Q1.1-525,Inspection and Survey ofRGD's..

. A series of interlocks on the equipment doors is provided to

enable repairs and alignment with x-rays on. The Task
Supervisor must approve the use of the interlocks. Any repairs
or alignment must be done at as low x-ray power as possible.

C. High Voltage

The other main danger associated with operating x-ray equipment
is from high voltage. The generator can produce up to 60 kV at 100
mA, but the total power is limited to 4 kilowatts. The unit should
be. shut down immediately if any electrical discharge is heard or .

seen. If any insulation is worn on any wiring, the unit should not
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be used. Entry into the generator cabinet requires vendor-trained
personnel with either x-ray personnel trained on 18 Q procedure 2,

completed copy of an OSR 20-202 , and additional SRNL
Requirements (SRQEWOOO), or a Work Clearance Permit with E &
I present.

D. Modification Requirement

Modification to and/or substitution of critical components in the
control circuitry of existing x-ray apparatus must be approved by
RCPO and be in compliance with the intent of ANSI N43.2 and
ANSI N543. Proper documentation of the modification and/or
substitution must be provided for custodial and RCO fies.
Appropriate revisions of schematics and prints are required.

4.0 PREREQUISITE ACTIONS

. . NOTE: TaskSupervisor must review work done by the Analyst
before being submitted to customer.

5.0 PERFORMACE

5.1 General Information

5.1.1 Description of Method 

The Rigaku ZSX 101E systell is 'a computer-cntrolled x-ray
fluorescence spectrometer used for non-destrctive elemental
analyses of elements from B (Z=4) to Pu (Z=94). Basically, a
sample is irradiated with x-rays; which cause the loss of inner
shell electrons from the constituent atoms. These inner orbital
vacancies can be filled by electrons in a higher energy shell. To
maintain conservation of energy an x-ray photon, whose energy
is the difference between the two levels, is produced. The energy
of each emitted x-ray photon is well~defined and characteristic of
the element from which it originated. The rate at which x-ray
photons are emitted by a particular element is related to the
concentration of the element..
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The ZSX system features two detectors: a scìntillation detector
and a gas flow proportional counter (detector). It also has nine
analyzìng crystals, three collimators, a programmable mask,
and a twelve-position auto-sampler. Analysis can either be done
in air, vacuum, or helium.

5.1.2 Instrumentation

5.1.2.1 MS&E

Model #

Serial #

Capital Equipment #

ZSX101E
ZR03005
00397418

5.1.2.2 M&TE

The M&TE Program Controls the four place balance.

5.1.3 Manufacturer .
RìgakulSC, Inc.
9009 New Trails Drive
The Woodlands, TX 77381
Telephone: (281) 363-3628

5.2 Calibration and Measurement Control Program

If the results for any of the tests are out of specifications, see the Task
supervsor. It may be necessar to generate a Non-Conformance
Report (NCR) for any data generated since the last acceptable
calìbration check.

Calibration cures are generated from standards, which bracket the

composition of the unknown sample, per section 5.4.4.1 section F andQ . .
These tests can be performed easily and quickly and shall be repeated
at least once a month by the Analyst to ensure optimum system
performance. If the results are out of specifications, see the Task
supervisor. .
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5.2.1 Pulse Height AnalvzerAdjustment Check

This check shall be performed monthly by the analyst to monitor
. the detectors performance.

5.2.1.1 Open valve for the primary water.

5.2.1.2 Turn the Rigaku and the Haskris chiler on.

5.2.1.3 Set the rate of flow at P-iO gas to 50 mllmin.

5.2.1.4 Turn on the main power switch to the instrument, the

printer, and the computer.

5.2.1.5 Mter the computer has booted up and the desktop

appears, type in "RIGAKU" in for the password.. 5.2.1.6 When the conductivity is lielow IpSem on the chiller,
click the ZSX button on the desktop. Wait for the
system to initialize. The Spectrometer Status menu
wil appear:

5.2:1.7 Click on the Startup/Shutdown box on the main tool

bar. A drop down menu wil appear.

5.2.1.8 Select the Starup option.

5.2.1.9 Click on the Tu on X-ray and the Age X-ray tube
boxes.

NOTE: Only use the Age X-ray Tube options if
the system was shutdown over the
weekend, power outage, or changing out
the P-10 gas.

5.2.1.10 Click the Start button..
26 of 133 DCN SC412 Rev 4
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5.2.1.11 After the X-ray tube and the Aging process 
is

complete, Click on the "X" in the upper right hand
corner to close the window.

5.2.1.12 Click the Startup/Shutdown option on the main
toolbar. A drop down menu wil appear with several
options.

5.2.1.13 Select the Tube/Atmosphere option on the drop down
menu.

5.2.1.14 Click on the Voltage and Current Radial box and
use the pull down scroll bars to increase the voltage
and current gradually to 50,50. If the Aging process
was done, the voltage and current wil be at 50, 50.

NOTE: When increasing the voltage and current use
small increments over a 15 minute time frame.
(E.g. Increasé' the voltage to 25 and the current to
10 and wait a couple of minutes.)

5.2.1.15 Click the Start button. .

5.2.1.16 The process is complete when the radial box does not
contain a black dot.

5.2.1.17 Repeat steps 5.2.1.14 through 5.2.16 until the voltage
and current is 5.0, 50.

5.2.1.18 Afer setting tliê voltage and current, click on the.
Switch Atmosphere radial box and Select Vacuum
with the scroll bar.

5.2.1.19 The process is complete when the radial box does not
contain a black dot.

5.2.1.20 Click the "x." on the upper right hand side of 
the menu

to close the Tube/Atmosphere Change menu. .
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5.2.1.21 Place the PHA sample in a sample cup with a 30mm
mask. The PHA sample is stored in the desiccator on
the counter top.

5.2.1.22 Place the Sample cup in Position 1 on the sample

wheeL.

5.2.1.23 Click on the Startup/Shutdown option on the main
toolbar.

5.2.1.24 Click on the Startup option from the drop down

menu.

5.2.1.25 Select the Adjust PHA radial box and Wait radial
box.

5.2.1.26 Select a Time for the Wait option.. 5.2.1.27 Click Position 1 with the pull down scroll bar.

5.2.1.28 Click the boxes next to PC and SC.

5.2.1..29 Click the Star button.

5.2.1.30 Limits for both detectors are as follows:

Scintilation counter
Proportional counter

ER
. around 200
around 200

%
.:40
.:35

5.2.1.31 If there is a problem, contact the Task Supervisor.

5.2.1.32 Afer the measurement is completed, click on the "X"
on the upper right hand corner of the Startup menu.

5.2.1.33 Input the information into the Rigaku Calibration
Notebook.

5.2.2 Intensitv Measurement Check.
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This check shall be done monthly by the analyst to monitor the
x-ray tube performance.

5.2.2.1 Open valve for the primary water.

5.2.2.2 Turn the Rigaku and the Haskris chilers on.

5.2.2.3 Set the rate of flow at P-10 gas to 50 rnIJrnin.

5.2.2.4 Turn on the main power switch to the instrument, the
printer, and the computer.

5.2.2.5 Mter the computer has booted up and the desktop
appears, type in "RIGAKU" in for the password.

5.2.2.6 When the conductivity is below l~iS/cm on the Rigaku
chiler, double click the ZSX button on the desktop.
Wait for the system to initialize. The Spectrometer
Status menu wil appear. .

5.2.2.7 Click on the Startup/Shutdown option on the main
tool bar. A drop down menu wil appear.

5.2.2.8 Select the Startup option.

5.2.2.9 Click the Turn on X-ray and the Age X-ray Tubeboxes.-
NOTE: Only use the Ale X-ray Tube option if the

system was shutdown over the weekend,
power outage, or after changing out the P-L0

.

5.2.2.10 Click the Start button.

5.2.2.11 Mter the X-ray tube and the Aging process is complete

Click the "X" in the upper right hand corner to closethe window. .
5.2.2.12 Click the Startup/Shutdown option in the main tool

bar. .
29 of 133 DCN SC412 Rev 4
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5.2.2.13 Select the Tube/Atmosphere option from the drop
down menu.

5.2.2.14 Click on the Voltage and Current Radial box and
use the pull down scroll bars to increase the voltage
and current gradually to 50, 50. If the Aging process
was done, the voltage and current wil be at 50, 50.

NOTE: When increasing the voltage and current use
small increments over a 15minute time frame.
(E.g. Increase the voltage to 25 and the current to
10 and wait a couple of minutes)

5.2.2.15 Click the Start button.

5.2.2.16 The process is complete when the radial box does not

contain a black dot.. 5.2.2.17 Repeat steps 5.2.2.14 through 5.2.2.16 until the
voltage and curent is 50, 50.

5.2.2.18 Mter setting the voltage and current, click on the
Switch Atmosphere radial box and Select Vacuum
with the pull down scroll bar.

5.2.2.19 The process is complete when the radial box does not

contain a black dot.

. 5.2.2.20 .Click the "X on the upper right hand side to close the
Tube/Atmosphere Change menu.

5.2.2.21 Wait a lh hour after turning up the generator before
starting the measurement to let the instrument warm
up.

5.2.2.22 PI~ce the WCP Blend Glass standard in a sample cup
with a 30mm mask.

5.2.2.23 Place the sample cup into Position 1 on the sample
wheeL..
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5.2.2.24 Click on the Analysis button on the main tool bar.

5.2.2.25 Double Click on the first BLA line. A Sample ID
setting menu wil appear.

5.2.2.26 Click on the Quant button.

5.2.2.27 Select Position "1" with the scroll bar.

5.2.2.28 Input WCP Blend Glass for the Sample Name.

5.2;2.29 Select the Intensity Meas. radial box.

5.2.2.30 Select WCP Blend Glass from the Sample Type in
the Analytical Condition.

5.2.2.31 To remove the Result Output Information, click on the
box next to Trans Format. This is used for sending
information to U niquant..

5.2.2.32 Click OK.

5.2.2.33 Click on the Analyze button.

5.2.2.34 Input the information into the Rigaku Calibration
Notebook. As the x-ray tube ages the Ìntensity wil
steadily decrease, an abrupt lowering of the intensities
indicates that one of the crystals is loose or the x-ray
tùbe needs to be replaced.

NOTE: The program BLEN is already set up. Changes
can be made to.BLEN by' clicking the Quant
button on the main toll bar. Click on modify
and select glass.

5.3 Standards

The following is a series standards and manufacturers: Metal Alloys, .

Glasses, and Geological standards from NIST, BeS, ARM, Brammer,
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and USGS. The Certificate of Analyses for the standards is kept in the
lab. None of these standards have an expiration date.

5.4 Operating Procedure

5.4.1 Emergency Shutdown

. Have Building Operations shut off Disconnect Switch C on
wall inside ofC-142/146.

. Call Task Supervisor.

Emergency shutdown is required in the event of general fire,
and flooding. This procedure is intended primarily for
Building Operations or Fire Department personnel when
problems develop off-shift.. 5.4.2 Reaeents and Chemicals

Small amounts (001 g) ofspectroblend, paraffn wax, copolywax,
or cellulose are used to prepare pressed powdered samples.
Lithium metaborate, lithium teiraborate, and lithium fluoride
are used to make fused sample disks. None of the reagents and
chemicals used to prepare the samples has an expiration date.

5.4.3. Normal Ooerating Procedure for Rigaku X-raY Soectrometer

5.4.3.1 Specimen Preparation

1. Bulk Solids

.
When bulk solid specimens are analyzed directly, a
major cause of error arises from improper surface
preparation. This effect is more severe when longer
wavelength (low energy) x-rays are being measured.
The penetration depth of the x-rays into a solid
surface is very shallow. Minòr surface irregularities
act as heterogeneities in the path of the primary
exciting x-rays and have even a greater effect on the
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secondary fluorescent x-rays. The amount of
allowable surface roughness is dependent upon the
mass absorption coeffcient of the whole sample and
the x-ray energy of the measured analyte photon.
For quantitative determinations most samples wil
have to be polished using a series of graded abrasives
(silicon carbide paper and diamond pastes) to as low
as a 0.1 ¡m finish. See Task supervisor for more
details.

2. Powders

Powdered samples can be analyzed qualitatively in
loose form. For quantitative determinations it is
necessary to eliminate or reduce the wide density
and compositional variations and particle size effects
that occur when a powder is poured into a specimen
holder. These variations can be reduced by preSSing.
the ..400 mesh powder in a die at pressures ranging
from 20,000 to 100,000 psi. Often binders

(copolywax, spectroblend, or paraffn wax) are added
(-10 wt%) prior to pressing in order to form a
durable pellet.

Another method to reduce or eliminate interelement
and particle size effects is fusing the sample into a
borate glass mijtrix. The method consists of
weighing 1 g of the sample, 5 g of flux (lithium
metaborate and/or lithium tetraborate), and 2 drps
of a 33 wt% lithium bromide solution. The glass is
cast to form a disk having a smõoth surface. See
Task Supervsor for more details and Attachment 4.

3. Liquids

Liquids represent a nearly ideal specimen type. The
sample is homogeneous'andobviously no particle
size effects are present. A thin fim sample support
is positioned over a disposable polyethylene cell, and
a snap-on ring is placed on it and pushed downward.
. to complete assembly. The cell is inverted and a
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sample is introduced through the top opening and
presented for analysis. Several thin film sample
supports are available including: Prolene (best

transmission for low energy x-rays), Kapton (highest
purity), polycarbonate, Mylar, and polypropylene.
See Task Supervisor for more details.

NOTE: When using liquids, make sure the
vacuum is OFF.

5.4.3.2 Turning the Instrument On

5.4.3.2.1 Open the valve for the primary water and let
the primary water flow into the heat
exchanger. The valve is located on the inside
wall of C142/146.. 5.4.3.2.2 Tu on the Rigaku and the Haskrs
chilers. The switch is located on the right-
hand side of the Rigaku chiller. The switch
for the Haskrs chiller is on the front paneL.
(The conductivity must be below 1 pS/cm
before turning the x-ray generator on.)

5.4.3.2.3 Adjust the rat~ of flow ofP-lO gas from
5mlmi to 50mlmin. A flow gauge is
locate behind a hinged door on the front

. panel of the instrument.

5.4.3.2.4 . Turn on the main power switch to the
instrument, the printer, and the computer.

5.4.3.2.5 Afer the computer has booted up and the
desktop appears, type in "RIGAKU" in for
the password.

. 5.4.3.2.6 When the conductivity is below 1 ).S/cm on
the Rigaku chiler, double click the ZSX
button on the desktop. Wait for the system
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to initialize. The Spectrometer Status
Menu wil appear.

5.4.3.2.7 Click on the Startup/Shutdown button on
the main tool bar. A drop down menu will
appear.

5.4.3.2.8 Select the Startup option.

5.4.3.2.9 Click on the Turn on X-ray and the Age X-

ray tube boxes.

NOTE: Only use the Age X-ray Tube
option if the system was shutdown
over the weekend, power outage,
or changing out the polO gas.

5.4.3.2.10 Click the Start button..

5.4.3.2.11 Mter the X-ray tube is turned on and thè

Agng process is complete, click on the ''X" in
the upper right hand corner to close the
window.

5.4..3.2.12 Click on the Startup/Shutdown button on
the main tool bar.

5.4.3.2.13 Select the Tube! Atmosphere option on the
drop down menu.

5.4.3.2.14 Click on the Voltage and Current Radial
box and use the pull down scroll bars to
increase the voltage and current gradually to
50,50. If the Aging process was done, the
voltage and current wil be at 50, 50.

NOTE: When increasing the voltage and
. current use small increments over a
15minute time frame. (E.g. Increase the
voltage to 25 and the curent to 10 and
wait a couple of minutes)
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5.4.3.2.15 Click the Start button.

5.4.3.2.16 The process is complete when the radial box

does not contain a black dot.

5.4.3.2.17 Repeat steps 5.4.3.2.14 through 5.4.3.2.16
until the voltage and current is 50, 50.

5.4.3.2.18 After setting the voltage and current click on

the Switch Atmosphere radial box and
Select Vacuum with the scroll bar.

5.4.3.2.19 The process is complete when the radial box

does not contain a black dot.

5.4.3.2.20 Click on the "X" on the upper right hand side

to close the Tube/Atmosphere Change menu.

. 5.4.3.2.21 Wait a 112 hour after turng up the
generator before starting any measurement
to let the instrument warm up.

5.4.4. Procedure for General Quantitative and Qualitative
Analvsis

5.4.4.1 Quantitative Analysis:. ~ o
A Creatine: an Application File

-.

1. Click on the Quant Application button on the
main tool bar.

2. Click on the Application File box. The .
Application File box is located on the left side of
the screen and is highlighted in yellow.

.
3. An Application File window wil appear on the

screen with the following options: create a new
application, modify an existing application;
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rename and save the application, delete an
application, and print application information.

4. Click on the radial box associated with Create a

New Application.

5. Click on the Next button.

6. A Create a New Application window wil
appear. The window will have 8 tabs. The tabs
are labeled as follows: Polymer, Filter, Film &
Coating, Liquid, Metal & Alloy, Powder,
Fusion Bead, and Ceramics & Glass.

NOTE: The following directions are for the Glass
Fusions.

7. Select the Fusion Bead tab. .
8. The Fusion Bead tab has the following four

folders: Mineral, Cement, Refractory, and
Ceramics~

9. Click on the Mineral Folder.

10. Click on the Next button.

11. A Select an Application Template window
wil appear. The window has the following two
options: Use an Application Template and
Create your own Application.

12. Click on the radial box next to create your own
application.

13. Click the Next button.

14. An Application Name Input window wil
appear. Tye in the Name for the application, .
select the radial box next to Fundamental
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Parameters, and input a description. The
description is optionaL.

15. Click on the Finish button.

B Setting of Application Information

1. Mter clicking on the Finish button under the

Creating an Application File section, a
Component Selection window wil appear.
The window has three parts: Type of
components to add,periodic table, and a
list of components selected.

2. Click on the radial box next to Oxide under the

Type of Component to add.

3. Select the components you want to analyze for by. clicking on the Elements in the periodic table.

4. The select elements from the periodic table wil
be inputted as oxides in the list of components

. selected.

5. In the list of components the Unit should be
mass % and the Analysis should be Measure
(FP). If mass % is not the desired unit, click on
the analysis box associated with the element in
question. A scoll bar wil appear in the lower

right corner of the box. Click on the Scroll Bar
and select the appropriate unit.

6. Click on the radial box next to Special
Compound.

7. Select Li in the periodic table.

8. A Special Compound window wil appear.

9. Click the radial box next to Al Compounds..
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10. Select "IG" from the list. IG is a special
compound for Loss on Ignition.

11. Click on the OK button on the bottom of the
Special compound window.

12. Check to make sure that IG was added to the list
of components.

13. Double click on the Analysis box associated with
IG.

14. Change the Analysis from Fixed to Input by

using the scroll bar.

15. Click on the OK button on the bottom of the
. Compound Selection window.

16. A Sample Preparation Method for Fusion .
Bead window wil appear.

17. One can select what kind of pulverizing
container, additive agent, sample size, fusing
condition, fusion time, sampling condition, and a
memorandum. The only information that needs
to be inputted is the sampling condition.

18. Use the scroll bàr associated with the flux box to
select LITLIFI.

19. Enter 7.5000g for the Flux weight and 1.5000g
for the Sample weight.

20. Click on the OK button on the bottom of 
this

window.

C Setting of Standard Samples

1. Mter clicking the OK button on the above step, a

Standard Samples window wil appear. .
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2. Double click on the Name cell and enter a
standard sample name.

3. Use the Tab button on the keyboard to move to

the first Oxide mass% column. The mass%
values are the LOI correct mass%.

4. Input the mass% for this oxide.

5. Tab to the next Oxide and enter the next mass%.

6. Repeat this process until the entire mass% for

this standard is inputted.

7. Input the sample to flux ratio for the standard
into the column labeled LITLIFl. (e.g. (Li2B407
+ LiF)/LOI sample weight). 8. Leave the column marked IG blank.

9. The inass% for the row should equal 99.00
through 101 mass%.

10. Repeat steps 2 - 9 for the rest of the standards.

11. Click on the Next button at the bottom of this
window. A Standard Samples dialog wil
appear and Query "Save Modified Data?" Click

on the Yes button.

12. A Composition Information window wil
appear.

13. This window wil display the average
composition based on the standards inputted for

each oxide and LITLIF1.

14. Click on the OK button on the bottom of the
window.. D Setting of Analvsis Information

40 of 133 DCN SC412 Rev 4



Appendix H

SAVANAH RIVR NATIONAL LAORATORY
ANALYTICAL DEVELOPMENT
ADS ANALYTICAL OPERATING PROCEDURES

TECHNICAL REFERENCE

Manual:
Procedure:
Revision:
Pages:
Effective Date:

L16.1
ADS-ll 152.

22 of 54
3/1106 .

1. After clicking on the OK button, a Parameters
window wil appear. This window has three
tabs: Analysis Information, Measuring
Condition, and Calculation Parameter.

2. Make sure that the LITLIFI and the IG Type
column state INUTlED. If they don't click on
either the LITLIF1 or the IG lines and make the
changes.

3. Look at the information on the Analysis
Information tab. Make sure the TYE is FP
and the Element Line is Correct.

4. If the Element Line is not correct, click on the
Line in question and select the Property
button. A ~roperty Sample window wil .appear. The window wil have the following
information: element line, component type,
component value, etc. Select the Correct
Element Line and click the OK button when
.finished. Repea t this process if there are any
other mistakes.

5. Click on the Advance button. An Advance
window witl appear.

6. Select "1" for the STD sample prep. Tie,
either add a description of the application in the
appropriate box or leave this box BLAK. Select
the. following Print Options: PeaklG
Intensity, Internal stdloverlapcorrection,
Uncorrectedlnnormalized result, and
Application result.

7. Click on the OK button when finished.

8. Click on the Evaluation button. An
Evaluation window wil appear. This window .
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wil let the user know if there are any problems
with the setup.

9. Click on the OK button when finished.
10. Double Click on the Measuring Condition tab.

The information in the spreadsheet will change.
Make sure that the voltage and current are SO,

SO and the crystal identified are correct.

11. Click on one of the Elements in the spreadsheet.
A Measuring Condition window wil appear.

12. Change the Tiibe Voltage and the Tube Current
to 50, 50 using the scroll bar associated with
each box.

. 13. Look at the Selected Crystal. If the select
crystal is wrong, select the correct one using the
Scroll Bar associated with the crystal box.
Also, one can change the background positions.
Click on the box labeled BGl and input a value
1.5 _2° to the left of the peak value. Do the same
for BG2 but add 1.S - 2° to the peak.

NOTE: Make sure the crystals for the light
elements are correct. The computer
selects the TAP crystal for Na and
Mg, and the PET for the Si. We use.
the RX35 crystal for Na and Mg, and
the RX4 crystal for Si. .

14. Make sure the detector,slit, attenuator, and

filter are correct.

15. Make sure the Private is selected for the Tye
box. This wil make the measuring condition

only available for this application.

16. Click on the OK button..
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17. Repeat steps 10 - 16 for each measuring
condition.

18. Click on the Advanced button on the
Parameters window. An Advanced Setting
Measurirtg Condition window wil appear.

19. Select the following Sample Spin, Optimize
Measuring Order, and APC for the Vacuum
setting. The Measuring Multiplier should be
1, and the Evacuation Speed should be set to
Slow.

20. The Parameter tab wil not be used. The
parameter tab is used to change Fe20a to Fea04.

21. Click on the Next button on the bottom of theParameters Wi~dOW. .
22; A Parameters dialog box wil appear and-Quèry

"Save the Modified Data?". Click the Yes button.

.23. A Special Standards window wil appear. This
is used when the compösition of an unknown
sample is different from that of the standard
samples. The setting procedure is the same as
that of an~rdinary standard sample.

... ::~

24. Click on the Next button on the bottom of the
Special Standards window.

E. Measurinl! Condition Setup (Optimize MC's)

1. After clicking on the Next button on the Special

Sample window, the Add Condition -
Optimize Me's window wil appear.

2. Select the Optimize MC radial box.

3. Click on the Add button. .
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4. Click on the boxes associated with 2-theta and

PHA scan if they are not pre-selected.

5. Click on the Select All button.

6. Type in the standard or the unknown sample
name for the sample name.

7. Select the position on the window as Position 1.

8. Click on the Sample Spin box.

9. Put the standard or unknown sample in a

sample cup with a 30mm mask.

10. Place the sample cup in Position 1 on the
sample wheeL.. 11. Click on the OK button on the bottom of the
widow.

12. Click on the Start button in the middle right

hand side of the Optimize Me's window.

NOTE: One can measure a standard with
high concentrations and one with
low concentrations.

.,

13. When the measurement is complete, the Start
_button wil reappear.

14. Repeat this process if two standards are being
used to optimize the measuring conditions.

15. Select a Component. Each component wil have
a 2-theta and PHA scan associated with it.

. 16. Select the first component line. The 2-theta scan
wil appear for this component on the bottom
half of the window. If two standards were used,
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the other standard can be brought up by
selecting View and then Select Reference
Data. Select the same Component and then
click on the OK button. Both 2-theta scans wil
appear on the bottom half of the window.

17. To update the Peak angle, Select 2-theta
scan-Peak Angle Setting-Use Peak search
angle. Click OK. To change the Background
points, Time for the peak or Background,
or the PHA, select File then Save Measuring
Condition.

18. A Save Measuring Condition window wil
appear.

19. The Peak Angle should update automatically.

20. Check the tÌme period for the Peak angle. Make .
sure the time seleCt wil give a 1,000,OOOcts.

21. To change the Time fl:r the peak angle, click on
the Time Line under Peak 2-theta.

22. A window wil appear. Click in the box
associated with the time and type in the Time
you want. :

23. Click the OK button.

24. Check the background position. If the
background positions are not in the right
location or the time is too long or too shorter.
Click on the line associated with the
Background Position 1. A window wil
appear. Click in the associated box and change
the background position and the time if needed.
Repeat for this operation for the other
backgroÜnd position. .
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25. Click on the OK bl1tton on the bottom of the
Save Measuring Condition window.

26. Select the PHA scan associated with the above
2-theta scan. The PHA scan wil appear on the
bottom hal f of the window. If two standards
were usèd, the other PHA scan can be brought
up by selecting View and the select Reference
Data. Select the same component PHA scan
and then click on the OK button. Both PHA
scans wil appear on the bottom half of the
window.

27. To change the PHA lower and upper limit,
Select File then Save Measuring Condition.

28. A Save Measuring Condition window will
appear.. 29. Click on the PHA lie. A PHA widow wil
appear. Click the box associated with the lower
limit and typ in the change for the lower limit.
Repeat this process for the upper limit.

30. Click on the OK button on the bottom of the
Save Measuring Condition.

31. If there are any. overlapping elements (e.g.
CrKßi and MnKa.), a Peak Deconvolution
must be carred out.

32. Click on the tool bar button that has an
arrowhead at either end.

33. Designate a range by dragging the mouse from
left to the right of an object peak.

34. Select 2-theta Scanleak
DeconvolutionIunction.

. 35. Select the Tye of Background Calculation.
36. Click on the OK button.
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37. Check the net intensities etc.

38. Click on the OK button.

39. Select 2-theta Scan/eak Deconvolutionl
Calculate BG Coefficient.

40. Select a Correcting Line.
41. Click on the OK button.

42. Check the coeffcients etc.

43. Click on the OK button.

44. Click on the Next button on the bottom of the
Optimize MC's window.

NOTE: The highest intensity that does not
cause loss is about 1000 kcps forthe SC
detector and about 2000 kcps for the

PC detector.. If the X-ray intensities
approach these intensity rates, take
some precautions to determine any
counting loss effects.

..~
.

F. Measuring the Standards

1. Afer clicking the Next button on the Optimize
Me's window, the Run Standards window wil
appear.

2. Select the ALL button.

3. Enter the Position of the first sample.

4. Enter the Sample Name.

5. Click on the OK button. .
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6. A Run Standards window wil appear.
Double click on the second line and change the
sample name to the Application.

7. Repeat this process for all of the standards.

8. Put each standard sample cup with a 30mm
mask.

9. Place the sample cups on the sample wheel

starting with Position 1.

10. Click the Analyze button.

.
i 1. After each standard has been analyzed, the Drift

Correction Samples window wil appear. The
drift correction is performed to update prepared
calibration curves for a long period. Tiiis
correction is typically not preformed. For
information about how to perform this correction
refer to the Instrction Manual voll staing
with page 3-77.

12. Click the Next button at the bottom of the Drift
Correction Samples window.

G Reinession Calculation (Calibration)

1. Afr clicking on the Next button at the bottom

of the Drift Correction Samples window, the
Calibration window wil appear.

2. Select the first component. Make sure the Type
is Fundamental Parameters, and the
Formula is Linear if there are two or more
data points for the first component. If there is
only One Data Point the Formula box must
be changed to Ratio.

. 3. If there is an overlap between two components,
make sure the overlapping component is part of
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the standard table. If this is not true one cannot
perform an overlap correction.

4. Click on the Correction buttòn. The Overlap
Correction window wil appear for the selected
component.

5. Choose between Measured or Theoretical
Intensity for the Method. Use the pull down

bar next to the Method box.

6. Click on the List Possible Overlap button. A

list of possible overlaps wil be displayed.

7. Click on the OK button on the Possible

Overlap Lines window.

8. Select a Correcting Component in the
Correcting Line box. .

9. Select Calculate in the Coeffcient Frame.

10. Click on the OK button.

11. Click on the OK button.

12. Clìck on the Calibrate button. The FP
calibration graph for the selected component wil
appear.

13. Look at the curve. If there is a standard out of
place, click on the appropriate data point. Click
on Recalibrate.

14. Click on the Save button.

15. Click the ''X'' on the upper right hand corner-of
the FP calibration graph. One might have to
close out more than one FP calibration Graph for
the same component depending on how many .
times. the curve was recalibrated. .
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16. Repeat this process for each component.

17. Click on the Next button on the bottom of the
Calibration window.

18. The Constants Input window wil appear. This

option will not be used. For more information
about this option refer to the Instruction Manual
vol. i starting with page 3-122.

19. Click on the Next button.

H Setting of Control Information

This option wil not be used refer to the Instruction
Manual voL. 1. Starting with page 3-127, click on the
Exist button on the left-hand flow chart.. I Analvzing Unkown SamDles

1. Place the unknown sample(s) into sample cup(s)
with 30mm mask.

2. Place the first unknown sample into Position 1

on the sample wheeL. Place the next unknown
sample in Position 2 and so on.

3. Click on the Analysis button on the main tool

bar.

4. Double click on the first BLANK line. A Sample
ID Setting window wil appear.

5. Click the QUAN button.

6. Select "1" for the position of the first unknown
sample.

. 7. Input the Sample Name.
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8. Select the name you gave the model from the list

of Analytical Condition.

9. Click on the Manual Input box.

10. A Manual Input window wil appear. This
window wil contain two lines. One for IG and
the other for LITLIFI.

11. Double click in the box associated with IG.

Input the LOI value for the first unknown
sample.

12. Double click in the box associated with LITLIFL.
Input the Flux to Sample Ratio value.

13, Click on the OK button.

14. Click on the OK button. .,

15. Repeat this process if there are. more then one
unknown sample.

16. Afer input all the information for all the
unknown samples, Click on the Analyze button.

J Printing the Anolication Information

1. Click on the Quant button on the main tool bar.

2. Click on the Application File box on the flow

bar to the left.

3. An Application File window wil appear.

4. Select the radial box assocÍated with the Print

Applic~tion Information.

5. Click on the Next button.

6. An Application to Print window wil appear. .
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7. Select a Folder.

8. Double click the folder of an object type-on the
tree display.

9. Click on the Next button.

10. A Print Quant Application window wil
appear.

11. Select the necessary items on the Print Quant
Application window.

12. If necessary, click the Select buttons and make
selections for detailed items.

13. Click on the Finish button.. 14. Click the Exist button -oil the Flow char on the
left.hand side of the screen.

K Printing the Results

1. Click on the Data Processing button on the

main tool bar.

2. Click on Result Display option from the drop

down menu. A Result Display window wil
appear.

3. Using the Scroll Bar look for the Sample
Name you want to Print.

4. Click on the line for the Sample Name.

5. Right click on the line, and select Print. A
Print window wil appear.

. 6~ Select the Options you want from the Print
window.
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7. Click on the OK button.

8. Click the "X" on the Result Display window to

close the window.

L Turning the Instrument Off.

1. Click on the Startup/Shutdown button on the
main tool bar.

2. A drop down menu wil appear. Select

Tube/Atmosphere option on the drop down
menu.

3. Click on the Switch Atmosphere radial box
and select AIR with the pull down scroll bar.

4. Click on the Start button. .
5. The process is complete when the radial box is

white.

6. On the same window, click on the Voltage and

Current radial boxes. Using the pull down

scroll, decrease the Voltage and. Current slowly.
Start by decrease the Voltage and Current to 40,
40. Click the Star button. Repeat the process
until the Voltage and Curent is 20, 2.

NOTE: 20kV and 2mA is the setting the
instrument is placed in when not in

7 . Click on the "X on the upper right hand corner
to close the Tube/Atmosphere window.

8. Click on the Startup/Shutdown button on the
main tool bar. .
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9. Click on the Spectrometer Shutdown option.
A Spectrometer Shutdown window wil
appear.

10. Click the radial box associated with Manual
Shutdown.

11. Select the Turn Off X-ray option.

12. Click on the Start button.

13. When the X-ray Tube is turned off, click the "X"
on the upper right hand side of the window.

14. Close the ZSX software.

15. Shutdown the computer. 16. Turn off the spectrometer main unit.

i 7. Tu off both the Haskrs and the Rigaku

chilers.

18. Close the valve for the primary water. The valve
is located on the inside wall ofC142/146

5.4.4.2 Qualitative Analvsis

-- .,*,
.-

A Creatinl! an Application File

1. Click on the Qual Application button on the

main tool bar.

2. An Application File window wil appear on the

screen with the following options: Create a New
Application, Modify an Existing
Application, Rename and Save the
Application, Delete an Application, and
Print Application Information..
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3. Click on the radial box associated with Create a

New Application.

4. Click on the Next button.

5. A Select an Application Template window wil
appear. The window wil have 8 tabs. The tabs
are labeled as follows: Polymer, Filter, Film &
Coating, Liquid, Metal & Alloy, Oxide
Powder, Fusion Bead, and Qualitative.

NOTE: The following directions are for the
Qualitative.

6. Select the Qualitative Tab.

7. . Click on radial box next to Create your ownAPplication..
8. Click the Next button.

9. An Application Name Input window wil
appear. Type in the Name for the application,
and input a description. The description is
optionaL.

10. Click on the Finish button.

B Selecting Element Range

1. Afer clicking on the Finish button under the

Creating an Application File section, a Select
Element Range window wil appear.

2. Select the Components you want to analyze for
by clicking on the elements in the periodic table
or one can press the B-U, F.U, or the Ti-U
buttons. .
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3. The select elements from the periodic table wil
be inputted into the Qualitative box on the left-
hand side of the screen.

NOTE: When there is a component of special
importance, measure it by adding a fixed
angle analysis. The fixed angle
measurement cannot be set for a component
for which the qualitative analysis is not
made. Setting cannot be made for Ti-U
unless the full range qualitative analysis is
carried out

. 4. Click on the OK button. A Parameters window
wil appear.

C. Parameters

1. Select the Measuring Diameter.

.

2. Select YES for Sample Spin.

3. Select Vacuum for Atmosphere.

4. Check to make sure the following radial boxes
are check: Metal, Balance calculation NO,
Matching Library NO, and Flux
(dilution/additive) No.

5. Click on the OK button. A Check Measuring.
Condition window wil appear.

D. Check Measuring Conditions

1. Check the following information on the Check
Measuring window: the Voltage and Current,
Detector, Slit, Attenuator, Filter and Crystal
are set correctly.
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2. To make changes, click on the First line then
click on the Property button.

3, A Scan Condition window will appear. Use the
scroll bar next to the Voltage and Current
boxes to change the Voltage and Current to
50, 50. While this window is opened, check on

the following items, the crystal, filter, slit
attenuator, the peak angle, the start angle, end
angle, the step and the speed are what you want.

NOTE: Make sure the Crystal for the light
elements are the one you wantto use.
The computer selects the TAP crystal
for NA and MG. We use the RX35
crystal for these elements.

4. Click the OK button. .
5. Repeat for each line in the table.

6. Click the OK button on the Property window

when finished.

7. 'Click on the OK button on the bottom of the

Check Measuring Condition window. An
Output information window wil appear.

NOTE: The Quaiitative tab is the only tab
where one can change the voltage,
current, filter attenuator, slit, crystal,
and the detector. The other tabs one
can only change the following
information: current and the
attenuator. All the other information
is pre-selected for you.

E Output Information .
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1. Select the items you want to Print from the

Output Information window.

2. Click on the box associated with smoothing, and

select llpoint using the scroll bar.

3. Leave the Peak Detection Level at 1.0.

4. Click the OK button.

5. Click on the Exist button on the left-hand side

flow chart.

F Analvzing Unknown Samples

1. Place the unknown sample(s) into sample cup(s)
with 30mm mask.

. 2. Place the first unknown sample into Position I
on the sample wheeL. Place the next unown
sample in Position 2 and so on.

3. Click on the Analysis button on the main tool
bar.

4. Double click on the first BLA line. A
Sample in Setting window wil appear.

5. Click the QUAL button.

6. Input "1" for the position.

7. Input the Sample Identification for the
sample name.

8. Input your name for the operator.

9. Select the name you gave the Model from the
list of Analytical Condition.. 10. Input the Result Output Filename.
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11. Click on the OK button.

12. Repeat this process if there are more then one
unknown sample.

13. Mter input all the information for all the
unknown samples, click on the Analyze button.

G Printing- the Application Information

1. Click on the Qual button on the main tool bar.

2. Click on the Application File box on the flow

bar to the left.

3. An Application File window wil appear.

4. Select the radial box associated with the Print

Application Information.
. ) .

5. Click on the Next button.

6. An Application to Print window wil appear.

7. Select a Folder.

8. Double click the folder of an object type on thetree display...
9. Click on the Next button.

10. A Print Qual Application window wil appear.

11. Select the necessary items on the Print Qual
Application window.

12. Click on the Finish button.

13. Click the Exist button on the Flow chart on the
left-hand side of the screen. .
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H Printing the Results

1. Click on the Data Processing button on the

main tool bar.

2. Click on Qual Results then Qual Data
Handing option from the drop down menu. A
Qual Data Handling: File window wil appear.

3. Click the Browse Button. A File Load window
wil appear.

4. Click on the line for the Filename of interest.

5. Click on the OK button.

6. Click on the ALL button. 7. Click on the OK button.. .
8. To print the Peak List; click on File then Prit

Peak List.

9. Select the ALL button. -

10. Click on the OK button.

11. To Print the Spectrn, click on File then Print
Active Char.

11. Click on the OK button on the Active Chart
window.

12. To print a chart with a couple of spectra

overlays, click on the Data Processing button
on the main tool bar.

13. Click on Qual Results then Qual Data
Handling option from the drop down menu. A
Qual Data Handling: File window wil appear:.
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14. Click on the Browse button associated with the
Target File.

15. Select a Filename.

16. Click on the OK button.

17. Click on the Reference Files Tab.

18. Click on the Browse button associated with the
Condition Reference File.

19. Select a Filename.

20. Click on the OK button.

21. To add more spectra repeat steps 18 through 21.

22. Click on File then Print Active Chart. .

23. Click on the OK button on the Active Chart
window.

24. To close the Qual Data Handling window,
select File and Close All Qual windows.

I Data Processing~_

1. Clickon the Data Processing button on the

main tool bar.

2. Click on the Qual Results then Qual Data
Handling option from the drop down menu. A
Qual Data Handling: File window wil appear.

3. Click on the Browse button. A File Load
window wil appear.

4. Click on the line for the Filename.

5. Click on the OK button. .
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6. Click on the ALL button.

7. Click on the OK button.

8. Using the shortcut keys or the main heading

option, one can do any Data Processing. (E.g.
Background, Peak Deconvolution.)

9. To Close, Select File and then Close All

windows.

J Turning the Instrument Off.

1. Click on the Startup/Shutdown button on the
main tool bar.

. 2. A drop down menu wil appear. Select
Tube/Atmosphere option on the drop down
menu.

3. Click on the Switch Atmosphere radial box
and select AIR wit~ the pull down scroll bar.

4. . Click on the Start button.

5. The process is complete when the radial box is
white.

6. On the same window, click on the Voltage and
Current radial boxes. Using the pull down
scroll decrease the Voltage and Current
slowly. Start by decrease the Voltage and
Current to 40, 40. Click the Start button. Repeat
the process until the Vòltage and Current is
20, 2.

NOTE: 20kV and 2ni is the setting the
instrument is placed in when not in.
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7. Click on the "X" on the upper right hand corner

to close the Tube/Atmosphere window.

8. Click on the Startup/Shutdown button on the
main tool bar.

9. Click on the Spectrometer Shutdown option.
A Spectrometer Shutdown window wil
appear.

10. Click the radial box associated with Manual
Shutdown.

11. Select the Turn Off X-ray option.

12. Click on the Start button.

13. When the X-ray Tube is turned Off, click the
"X" on the upper right hand side of the window.

14. Close the ZSX soTtware.
.

15. Shutdown the computer

16. Turn off the spectrometer main unit.

17. Turn offboth the Haskris and the Rigaku
chilers.

18. Close the valve for the primary water. The valve
is located on the inside wall of C142/146

5Æ5. Preventive Maintenance

1. When not in use, idle the system with the x-ray tube
at 20kV and 2mA

2. Change the vacuum pump oil yearly.

3. Change the P-10 gas as needed.

4. Do a .DSA VE at the beginning of every month..
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6.0 RECORDS

6.1 The X-Ray Fluorescence Logbook shall be handled in accordance with
the Records Management procedures.

6.2 A copy of all the x-ray fluorescence raw data shall be stored for one
year on the computet's hard drive.

6.3 A copy of the Maintenance Reports shall be entered into the Rigaku

Maintenance Notebook.

6.4 The Calibration results shall be entered into the Rigaku Calibration
Notebook.. 6.5 Results for al routine analytical sampleswiU be entered into the AD

Laboratory Information System and the XRF LôgbOk using AD LIMB
numbers.

7.0 REFERENCES

A. Rigaku ZSE Manuals and Prints

Rigaku ZSX10le X-ray Fluorescence Spectrometer Instruction Manual
Volumes 1-3.

Rigaku ZSXIOle X-ray Fluorescence Spectrometer Maintenance ManuaL.

Rigaku ZSX101e Circuit Diagram of ZSX101e.

B. Haskris

Model RW175Fl Refrigerated Closed Circuit Water Chiler Instruction
ManuaL.

C. Claisse. Claisse M4 Fluxer Instruction Manual
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8.0 ATTACHMENTS

8.1 Attachment 1: DSA VE/DLOAD

8.2 Attachment 2: Changing the P-10 cylinder

8.3 Attachment 3: Overlap Correction

8.4 Attachment 4: Making Glass Fused Pellets using the Claisse M4
Fluxer in Automatic or Manual Modes
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ATTACHMENT 1
Págelof2

DSA VELOAD

DSA VE

1. Open the ADS Cluster on the File server.
2. Open the Rigakll folder
3. Create a new folder using DSA VE and the date. (E.g.DSA VE41103)

4. Close the Rigaku folder.
5. Click on the Utility button on the main tool bar.

6. Click on the Data SavelLoad option on the drop down menu.

7. Select the Data Save radial box.

8. . Click on the Next button.

. 9. Click on the radial box, which is associated with the Specif a Folder option.

10. Click on the Browse button.

11. Click on the My Computer Icon.
12. Click on the ADS Cluster.

13. Click on the Rigaku folder.

14. Click on the DSAVE folder that was created aboye.
15. Click on the OK button.
16. Click on the Next button.
17. Select the User Setting Data: Qual Condition, Quant Condition, Qual

Data, and Quant Data.

. 18. Click on the Next button.
19. Click on the OK button.
20. Click on the OK button.

.
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A'IACHMENT 1
Page 2 0£2

DSA VELOAD

DLOAD

1. Click on the Utility button on the main tool bar.

2. Click on the Data SavelLoad option on the drop down menu.

3. Select the Data Load radial box.

4. Click on the Next button.

5. Click on the radial box, which is associated with the Specify a Folder option.

6. Click on the Browse button.

7. Click on the My Computer Icon.
8. Click on the ADS Cluster.

9. Click on the Rigaku folder.

9. Click on the latest DSAVE folder.

10. Click on the OK button.

11. Click on the Next.button.

12. Select the following items to load: Qual Condition, Quant Condition, Qual
Data, and Quant Data.

-. .

13. Click on the Next button.
14. Click on the OK button.

15. Click on the OK button.

.

.
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ATTACHMENT 2
Page 1 of2

CHAGING THE polO GAS CYLINDER

1. Click on the Startup/Shutdown button on the main tool bar.

2. A drop down menu will appear. Select Tube/Atmosphere option on the drop
down menu.

3. Click on the Switch Atmosphere radial box and select AIR with the pull
down scroll bar.

4. Click on the Start button.

5. The process is complete when the radial box is white.

. 6. On the same window, click on the Voltage and Current radial boxes. Using

the pull down scroll decrease the Voltage and Current slowly. Start by
decrease the Voltage and Curent to 40, 40. Click the Star button. Repeat
the process until the Voltage and Curent is 20, 2.

NOTE: 20kV and 2mA is the setting the instrument is
placed in when not in use.

7. Click on the "X" on the upper right hand corner to close the

Tube/Atmosphere window.

. 8. Click on the Startup/Shutdown button on the main tool bar.

9. Click on the Spectrometer Shutdown option. A Spectrometer Shutdown
window wil appear.

10. Click the radial box associated with Manual Shutdown.

11. Select the Turn Off X-ray option.

12. Click on the Start button..
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ATTACHMENT 2
Page 20f 2

CHAGING THE polO GAS CYLINDER

13. When the X-ray Tube is turned off, .click the ''X'' on the upper right hand side
of the window.

14. Close the ZSX software.

15. Shutdown the computer

16. Turn off the spectrometer main unit.

17. Close the valve on the cylinder.

18. Remove the regulator. (NOTE: The regulator has reverse threads.)

19. Replace the empty cylinder with a full cylinder. .
20. Wait 15 minutes before turning the instrument on.

21. To turn instrument on, go to Step 16 and follow the directions down to Step 1.

.
69 of 133 DCN SC412 Rev 4



SAVANAH RIVR NATIONAL ilBR''löMr
ANALYTICAL DEVELOPMENT
ADS ANALYTICAL OPERATING PROCEDURES. TECHNICAL REFERENCE

Manual:
Procedure:
Revision:
Pages:
Effective Date:

LlG.1
ADS-llI5

2
5 I of 54

3/1106

ATTACHMENT 3
Page 1 of i

OVERLA CORRECTION

1. Examples of Overlaps: Mo La with S Ka, Cr Ka with Fe Kß, and Pb La with As
Ka. There are other overlaps. See Task Supervisor for more information.

2. Use the same kV-mA and measuring diameter as the analysis.

3. Measure the interfering element at the analyte's wavelength and at its own
wavelength.

4. Calculate the Overlap Coeffcient as follows:

Overlap Coeffcient = interfering element at the analyte'swavelength
interfering element at its own wavelength

. (O.C. =Mo (g S Ka
Mo (g Mo La

5. The measured analyte intensity is:
= the actual analyte intensity + the interference.

6. The corrected analyte intensity is:
= the measured analyte intensity-overlap coeffcient* the interfering

element at its own wavelength.

.
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ATTACHMENT 4
Page i of 3

MANG GLASS FUSED PELLETS USING THE CLASSE M4 FLUXR IN
AUTOMATIC OR MAAL MODES

1 Automatic Operations
The procedure for making glass disks is described in the following paragraphs.
The automatic operation means that once the program is launched, every function
is executed in numerical sequence.
i. I. Prepare the instrument:

a) Raise the arm as far as it can go; it should stop at about 200 backwards
from the verticaL. The crucible clips automatically rotate until they reach a
position easy for loading;

b) Put 1,2 or 3 crucibles along with the corresponding molds into the clips:
make sure that they will not slip out of the latter during rotation.

c) Plug in the fan unit in front of the burners.
1.. Load the crucibles:

a) Have the mixture to fuse ready. The usual quantities vary between 6 and
i 0 grams for molds with a diameter of 30 to 40 mm.

b) Transfer the mixture to fuse into the crucibles.
c) If required, add a solution containing a non-wetting agent.
d) If the arm is tilted backwards, pull the arm towards you; it should stop at

about 200 forward.

.
1.3. Open the propane cylinder and adjust thein-line propane reguator to 8-10psi. JL. .
1.4. Select the burners to be supplied with gas by turning on the appropriate

toggle switches located at the front panel of the instrument.
1.5. Turn the instrument on if required.
1.6. Close the security cabinet.

1.7. If required, transfer the program from the locked bank to one of the
programs 0 to 9.

a) Enter the "transfer mode" by typing the code K 8 3 7 O.

b) TypeP, followed by the number ofthe program you wish to overwrite (0 to 9),

followed by the number of the locked program you want to transfer .
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MANG GLASS FUSED PELLETS USING THE CLASSE M4 FLUXR IN
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(100 to 999)_ For example, if one wishes to transfer the locked program 127
into program 4, one must type P 4 i 2 7.

c) Press STOP, and then RESET to exit the "transfer mode".

1.8. Choose the program. If the desired program is not the one shown on the
display, type P and the number of the desired program, for example P 4.

1.9. Press START and let the program take place. A countdown of the remaining
time until the end of the ongoing program is displayed. If you press 7 a
countdown of the remaining time until the end of the ongoing function is
displayed. The process ends when the program countdown reaches 00.00.

NOTE: If you must stop a fusion in progress, press STOP on the
remote control. After this procedure. you must either press
RESET or tur the power off, then on again to sta another
fusion.

1.10. Pick up the disks using the suction cup provided.

i . I 1. Turn the power off to the instrument.

1.12. Turn öf the select the burners by turning off the appropriate toggle switches located,
at the front panel of the instrent

1. 13. Close the in-line regulator and close the cylinder valve.

Note: Make sure the propane gas is turned off at the cylinder at
the end of the day when the instrument is in use.
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2 Manual Operations
,

In manual mode, one can decide how long each function wil last during the fusion
process. This is useful when trying to define function parameters for fusing a new kind of
materiaL.

The process is the same as above, except that instead of pressing START to initiate the
process, one presses F O. This starts function 0 of the selected program, but there is no
time límit. When desired, one may press F 1 to continue to function i, or even F 2 (or any
valid function number) to jump directly to that tùnction. Note that going backwards is
impossible.

Also, if you are in automatic mode, you can s~vitch to manual mode by pressing LOAD 6 .
26 (M A N). In this mode, there is no time definition so the function will go on until you
manually change a parameter.

When a program contains more than 9 functions, pressing F 1 will not jump immediately
to function i, but only after a short delay (i-3 seconds). This delay is provided in the
event the user wishes to jump to a two-digit function number, function FI2 for example.
In that case, the user has 2-3 seconds to type the second digit before the program jumps tofunction I. _ .

.-,..

.
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1.0 PURPOSE 
 

This procedure provides requirements for the x-ray diffraction analysis of 
non-radioactive samples by the Analytical Development Section using a 
PANalytical X’Pert Pro 3040 X-Ray Diffractometer. 

 
2.0 SCOPE   
 

This procedure applies to most of the x-ray diffraction analyses of non-
radioactive materials performed by ADS.  This includes, but is not limited to, 
qualitative, quantitative, crystallite size, lattice parameter, and microstress 
determinations. 

 

2.1  Definitions 
 

A. X-Rays - X-rays may be defined as electromagnetic radiation of 
wavelength ~10-5 to 100 Å produced by the deceleration of high-
energy electrons and/or electron transitions in the inner orbits of 
atoms. 

 

B. X-Ray Diffraction - The phenomenon of diffraction involves the 
scattering of x-rays by atoms of a crystal and the reinforcement of 
scattered rays in definite directions away from the crystal.  
Reinforcement of the scattered rays is quantitatively related to the 
distance of atomic planes as defined by Bragg’s law. 

 

  nλ  = 2d sin Θ  
 

When a collimated beam of monochromatic x-rays of wavelength λ   
strikes a crystal, the rays penetrate and are partially scattered 
from many successive planes within the crystal.  For a given 
interplanar spacing, d, there is a critical angle, Θ , at which rays 
scattered from successive planes will be in phase along a front as 
they leave the crystal.  The angle between the normal to the 
emerging wave front and the atomic planes will equal the angle 
between the normal to the primary wave front and the atomic 
planes.  Diffraction from a succession of equally spaced lattice 
planes results in a diffraction maximum, which has sufficient 
intensity to be recorded. 
 

Since vast majority of compounds have different interatomic 
distances in three dimensions, the angles at which diffraction 
occurs will be distinct for a particular compound.  The unique array 
of diffraction maxima serves to identify that compound.  The 
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intensity of these maxima can also be used to quantify the amount 
of this compound in a mixture.  

 

C. Goniometer - A goniometer is an instrument for measuring crystal 
angles.  It consists of a sample holder, source & detector slits, 
collimators, detector, and drive mechanisms for rotating the sample 
and detector. 

 

D. Proportional Detector - This detector consists of a cylindrical 
chamber filled with a xenon/methane gas mixture.  The window of 
the detector is made out of beryllium and measures 20mm by 
24mm.  An anode wire is positioned in the axial center of the 
cylinder.  Th detector process can be described as follows: When an 
X-ray photon enters the detector and collides with an inert gas 
atom, it may ionize the atom by removing an electron from the 
outer shell of the atom.  A primary electron ion-pair is formed.  The 
total number of primary electron ion-pairs produced by an X-ray 
photon is defined by the ratio of the energy of the X-ray photon and 
the ionization energy of the inert gas atom.  The electrons from the 
electron ion-pair are then accelerated towards the anode wire by its 
high potential.  On its way to the anode wire the accelerating 
electron can produce another electron ion-pair.  Each primary 
electron may give rise to many secondary electrons which in turn 
are accelerated towards the anode wire.  The electrons (primary 
and secondary) create an electrical current in the wire, this 
electrical current is then converted into an electrical pulse by the 
pulse forming circuit.  The height of the pulse is proportional to the 
energy of the detected X-ray photon.  Conversely, the positively 
charged ions are attracted towards the ground casing.  The inert 
gas is mixed with a quenching gas to prevent ions from creating an 
avalanche.  This quenching gas neutralizes the positive ions 
without any other reactions.  

 

E. X’Celerator Detector – This detector is an ultra fast X-ray detector 
based on Real Time Multiple Strip.  The detector operates as if 
there were an array of over a hundred detectors working 
simultaneously.  The Real Time Multiple Strip technology offers 
direct detection of diffracted X-rays, and the ability to efficiently 
process high count rates without any compromise on resolution. 

 
 
 
 

2.2 Responsibilities 
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A. Technical Analyst is responsible for: 
 

• Preparing samples for x-ray diffraction analysis. This includes 
grinding the sample to the proper particle size range, fixing 
with collodion or Vaseline, back-loading and side-loading 
techniques, fabricating custom mounts if necessary, and 
positioning the sample properly in the mount and 
diffractometer.  
 

• Obtaining x-ray diffraction patterns.  
 

• Troubleshooting the x-ray generator, goniometer, detector, 
water recirculator, computer and printer. 

 

• Maintaining safety inspection records, the XRD sample logbook, 
and all other general documentation required for laboratory 
operation. 

 

B. Task Supervisor or designee is responsible for: 
 

• Performing data reduction, analysis, and presentation of results 
using several XRD software programs and associated computer 
equipment.  This includes phase identification, cell refinement, 
indexing, crystallite size determinations, preferred orientation 
assessment, pattern simulation, and quantitative analysis. 

 

• Mounting special attachments or different setups on 
instruments, e.g., the high temperature attachment, capillary 
stage. 

 

• Reviewing the data generated by the Analyst. 
 

• Entering results in the ADS Laboratory Information System. 
 

• Ensuring safety controls have been implemented. 
 

C. Level 4 Manager (or designee) is responsible for reviewing and 
approving the operating procedure. 

 
3.0 PRECAUTIONS AND LIMITATIONS 

 

3.1 Safety 
 

3.1.1 Radiation Control 
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• Access to the laboratory is limited by combination locks on 
the doors per DOE G 441.1-5, Radiation Generating Devices 
Guide, for use with Title 10, Code of Federal Regulations, 
Part 835, Occupational Radiation Protection.  Only 
authorized instrumentation operators and Building Services 
personnel are permitted in the laboratory.  
 

• Personnel using this facility are subject to requirements as 
specified in the 5Q and L1 Manuals, Radiation Worker II 
Training, Radiation Generating Device Training, and the 
XRD Operating Procedure. 

 

3.1.2 X-Ray Exposure  
 
The main hazard associated with use of x-ray equipment is 
overexposure to x-rays.  The goniometer, as currently 
configured, is an open beam instrument.  However, because of 
the equipment enclosure, there should be no personnel exposure 
unless it is bypassed or fails.  This procedure complies with 
WSRC 5Q1.1-524, Ionizing Radiation Generating Device Control 
Program and WSRC 5Q1.1-525 Inspection and Survey of RGD’s. 

 

• X-ray equipment may only be used following operating 
procedures or with a written job plan approved by the Task 
Supervisor. 
 

• The x-ray diffraction goniometer must be at the rear of the 
equipment enclosure to ensure adequate distance from the 
front of the enclosure and proper orientation of the x-ray 
beam. 

 

• SHO will conduct a semi-annual audit to check for radiation 
leaks and to test equipment interlocks.   

 

• A compilation of all interlocks and protection devices are 
listed in Attachments 1 and 2.  Do not disable the interlocks 
or protection devices. 

 

3.1.3 High Voltage 
 

The other main danger associated with operating x-ray 
equipment is from high voltage.  The generator can produce up 
to 55 kV at 60 mA.  The unit should be shut down immediately 
if any electrical discharge is heard or seen.  The detector is 
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supplied with a potential of up to 1,000 volts.  If any insulation 
is worn on any wiring, the unit should not be used.  Entry into 
the generator cabinet requires vendor-trained personnel with 
either x-ray personnel trained on Safe Practices on or Near 
Electrical Conductors, Electrical Systems Safety, and First Aid 
Blood Borne Pathogens or a Work Clearance Permit with an E & 
I technician present. 
 

3.1.4 Modification Requirement 
 

Modification to and/or substitution of critical components in the 
control circuitry of existing x-ray apparatus must be approved 
by SHO and be in compliance with the intent of ANSI N43.2 
and ANSI N543.  Proper documentation of the modification 
and/or substitution must be provided for custodial and SHO 
files.  Appropriate revisions of schematics and prints are 
required. 
 

4.0 PREREQUISITE ACTIONS 
 

Radiation Generating Device Operator training is required for instrument 
operation. 

 
 
 
 
5.0 PERFORMANCE 
 

5.1 General Information 
 

5.1.1 Description of Method 
 

Collimated x-rays are directed at the sample by a set of slits.  
The x-ray tube and detector are then rotated (the detector about 
the sample and at twice the rate of the x-ray tube), and the x-
ray intensity recorded as a function of angle.  If the sample is a 
single crystalline phase, the pattern recorded will be 
characteristic of that phase.  For multiple phases, characteristic 
patterns are additive.  Since the intensity of the pattern is 
proportional to the amount of a phase present, quantitative 
techniques are available.  Various crystallographic and solid 
solution information can also be obtained. 

 
 

NOTE: Task Supervisor must review the analytical results generated by 
the Analyst before they are transmitted to customer. 
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5.1.2 Quality Control (Calibration frequency, QC information) 
 

Calibration and Measurement Control Program 
Constant calibration checking is inherent within the 
search/match software used during the identification of phases 
from the ICDD (International Centre for Diffracted Data) 
database of standard materials.  If the results for any of the 
tests are out of specification, see the Task Supervisor.  It may be 
necessary to generate a Non-Conformance Report (NCR) for 
any data generated since the last acceptable calibration check. 
 

5.1.3 Manufacturer 
 

PANalytical, INC.  
12 Michigan Drive 
Natick, MA 01760 
Telephone:  800-234-9729 

 

5.1.4 Instrumentation 
 

MS&E 
 

XRD  
 

Model #  X’pert Pro  
 Serial # DY1743  

Capital Equipment # 00397460  
 

M&TE 
 

The M&TE Program controls the four-place balance. 
 

5.1.5 Reagents and Chemicals 
 

Small amounts (<0.1 cc) of collodion or Vaseline are used to 
mount powdered samples.  Standards, Si (NIST SRM640c), 
alumina (NIST SRM 676), LaB6 (NIST SRMs 660 and 660a), 
and fluorophlogopite (NIST SRM 675), are used for quantitative 
and high precision determinations.  None of these standards or 
reagents used to mount the samples has an expiration date. 
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5.2  Monthly Calibration Check   
   

This test can be performed easily and quickly and should be repeated 
at least once a month by the Analyst to ensure optimum system 
performance.  This test scans two quartz regions to examine several 
peaks for intensity, resolution, and placement.   If the results are out 
of specifications, see the Task Supervisor.  It may be necessary to 
perform the extensive calibration check, which may help identify the 
problem.  If the extensive calibration check is passed, but the 
intensities are still low, the x-ray tube or the detector may be defective.  
Record the test results in the XRD Calibration Notebook. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

       
 
 
 

 
 
 
 
5.2.1 The Mirror – Mirror (Programmable Receiving slit) with the 

Prop Detector Configuration 
 

5.2.1.1 Insert the following:  

NOTE:  The quartz intensities will decrease progressively as 
the x-ray tube ages. 

NOTE: There are several different configurations for this 
system.  The following is a list of the different 
configuration: Mirror-Mirror with the Programmable 
Receiving Slit and Prop detector, Incident Mirror with 
the Programmable Receiving Slit and Prop detector, 
Incident Mirror with the two beam tunnels and the 
X’Celerator detector, Fixed Divergent slit with the 
Programmable Receiving slit and Prop detector, Fixed 
Divergent slit with the Parallel Plate Collimator, Prop 
detector, Incident Mirror with the Parallel Plate 
Collimator, and Fixed Divergent slit with the two beam 
tunnels and the X’Celerator detector.  Initially, the 
quartz standard will be run for each of the above 
configurations.  The quartz standard shall be run for 
each the different configurations yearly to ensure that 
the prefix for each of the different components has not 
been bumped.  Monthly, the quartz standard shall be 
run on the configuration, which is being used. 

NOTE:  All configurations should meet the specifications in 
step 5.3 
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 Instrument    

Divergence Mirror Slit 1/2°  
Mirror Mask Remove  

Mirror Soller Slit  0.04 Rad   
Beam Knife Edge Installed 

SC (Flat Sample Stage) Novaculite   

Mirror Soller Slit Remove 
Mirror Mask Remove 
Mirror Slit 1/2°  
Programmable Receiving Slit 0.2mm  

 

 
 
 
 
 
 

5.2.1.2 Double click on the X’Pert Data Collector Icon on 
the desktop. 

 

5.2.1.3 The software will ask for a User ID and a Password.  
The User ID is User-1 and the Password is galaxy 
(case sensitive). 

 

5.2.1.4 After inputting the User ID and Password, click the 
OK button. 

 

5.2.1.5 Click on Instrument/Connect on the main toolbar.  A 
Connect dialog window will appear. 

 

5.2.1.6 Click on the Mirror – Mirror configuration. 
 

5.2.1.7 Click the OK button. 
 

5.2.1.8 An X’Pert Data Collector dialog box will appear with 
yellow triangles with exclamation points in them.  
This window will tell you what things must be 
changed. 

 

5.2.1.9 Click the OK button. 
 

NOTE:  The fixed slits are placed in the component with the v notch at 
the top. There is only one way and one opening that the slits 
will go into the component. 

NOTE: The mirrors must be run at 45kV and 40 mA. 
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5.2.1.10 The Mirror – Mirror configuration window will appear.  
The window has three tabs: Instrument Settings, 
Incident Beam Optics, and Diffracted Beam Optics. 

 

5.2.1.11 Click on the Instrument Setting tab. 
 

5.2.1.12 Double click the Generator: PW 3040 (mppc) line. 
 

5.2.1.13 The Instrument Settings window will appear.  This 
window has three tabs: Position, Sample Stage, and X-
ray. 

 

5.2.1.14 Click the X-ray tab. 
 

5.2.1.15 Click in the Tension (kV) box with the left mouse 
button and highlight the value. 

 

5.2.1.16 Type in 45. 
 

5.2.1.17 Repeat the process for the Current (mA). 
 

5.2.1.18 Type in 40. 
 

5.2.1.19 Click either the OK or the Apply button.  The OK 
button will make the changes and automatically close 
the window.  The Apply button will make the changes, 
but the window will stay open.  The close button will 
have to be depressed for the window to close. 

 

5.2.1.20 Click Measure/Program on the main toolbar. 
 

5.2.1.21 The Open Program window will appear.  Use the scroll 
bar adjacent to the List Programs of Type dialog box, 
and select General Batch. 

 

5.2.1.22 Click on the CalMMquartz name on the list. 
 

5.2.1.23 Click the OK button. 
 

5.2.1.24 A Start window will appear.  On the bottom of the 
window there are two tabs: Filename and Filename 
settings. 

 

5.2.1.25 Make sure the Filename starts off with F:\XRD-
Current Year.   

 

5.2.1.26 Click OK. This will start the scan. 
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5.2.1.27 The scan is complete when you hear the shutter 
closing on the x-ray tube. 

 

5.2.1.28 The following are steps to locate the data for Data 
Evaluation: 

 

• Double click on the JADE Icon on the desktop of 
the data evaluation computer. 

• Click on File, and then Patterns. 
• Select the ADSCLUSTER Drive. 
• Double click on the XRD-Current Year.   
• Change the file extension to Philips PC-XML Ascii 

Pattern Files (*.xrd). 
• Double click on the correct filename for range 1. 
• Click on File, and then Patterns. 
• Select the correct filename for range 2 and add this 

to range 1. 
• Click Edit/Merge Segments. 

 

5.2.2 The Incident Mirror – Programmable Slit with the Prop Detector 
Configuration 

 

5.2.2.1   Insert the following:  
  

Instrument    

Divergence Mirror Slit 1/2°  
Mirror Mask Remove  

Mirror Soller Slit  0.04 Rad   
Beam Knife Edge Installed 

SC (Flat Sample Stage) Novaculite    
Programmable Receiving Slit 0.2mm  
  

 
 

 

 
 

2. Double click on the X’Pert Data Collector Icon on the desktop. 
 
 

NOTE: The fixed slits are placed in the component with the v notch at 
the top.  There is only one way and one opening that the slits 
will go into the component. 

NOTE: The mirrors must be run at 45kV and 40 mA. 
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5.2.2.2 The software will ask for a User ID and a Password.  
The User ID is User-1 and the Password is galaxy 
(case sensitive). 

 

5.2.2.3 After inputting the User ID and Password, click the 
OK button. 

5.2.2.4 Click on Instrument/Connect on the main toolbar.  A 
Connect dialog window will appear. 

 

5.2.2.5 Click on the Flat Sample Stage configuration. 
 

5.2.2.6 Click the OK button. 
 

5.2.2.7 An X’Pert Data Collector dialog box will appear with 
yellow triangles with exclamation points in them. This 
window will tell you what things must be changed. 

 

5.2.2.8 Click the OK button. 
 

5.2.2.9 The Flat Sample Stage configuration window will 
appear.  The window has three tabs: Instrument 
Settings, Incident Beam Optics, and Diffracted Beam 
Optics. 

 

5.2.2.10 Click on the Instrument Setting tab. 
 

5.2.2.11 Double click the Generator: PW 3040 (mppc) line. 
 

5.2.2.12 The Instrument Settings window will appear.  This 
window has three tabs: Position, Sample Stage, and X-
ray. 

 

5.2.2.13 Click the X-ray tab. 
 

5.2.2.14 Click in the Tension (kV) box with the left mouse 
button and highlight the value. 

 

5.2.2.15 Type in 45. 
 

5.2.2.16 Repeat the process for the Current (mA). 
 

5.2.2.17 Type in 40. 
 

5.2.2.18 Click either the OK or the Apply button.  The OK 
button will make the changes and automatically close 
the window.  The Apply button will make the changes, 
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but the window will stay open.  The close button will 
have to be depressed for the window to close. 

 

5.2.2.19 Click Measure/Program on the main toolbar. 
 

5.2.2.20 The Open Program window will appear.  Use the scroll 
bar adjacent to the List Programs of Type dialog box, 
and select General Batch. 

 

5.2.2.21 Click on the CalMPRSquartz name on the list. 
 

5.2.2.22 Click the OK button. 
 

5.2.2.23 A Start window will appear.  On the bottom of the 
window there are two tabs: Filename and Filename 
settings. 

5.2.2.24 Make sure the Filename starts off with F:\Xrd-
Current Year.  

 

5.2.2.25 Click OK.  This will start the scan. 
 

5.2.2.26 The scan is complete when you hear the shutter 
closing on the x-ray tube. 

 

5.2.2.27 The following are steps to locate the data for Data 
Evaluation: 

 

• Double click on the JADE Icon on the desktop of 
the data evaluation computer. 

• Click on File, and then Patterns. 
• Select the ADSCLUSTER Drive. 
• Double click on the XRD-Current Year.   
• Change the file extension to Philips PC-XML Ascii 

Pattern Files (*.xrd). 
• Double click on the correct filename for range 1. 
• Click on File, and then Patterns. 
• Select the correct filename for range 2 and add this 

to range 1. 
• Click Edit/Merge Segments. 

 

5.2.3.  The Incident Mirror with the Two beam Tunnels and 
X’Celerator Detector Configuration 

 

5.2.3.1  Insert the following:  
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 Instrument    

Divergence Mirror Slit 1/2°  
Mirror Mask Remove  

Mirror Soller Slit  0.04 Rad   
Beam Knife Edge Installed 

SC (Flat Sample Stage) Novaculite   

Short Beam Tunnel 3.4 
Long Beam Tunnel 5.5 
Attenuator Ni  
Programmable Receiving Slit 0.2mm  

  

 
 
 
 
 
 
 
 

5.2.3.2 Double click on the X’Pert Data Collector Icon on 
the desktop. 

 

5.2.3.3 The software will ask for a User ID and a Password.  
The User ID is User-1 and the Password is galaxy 
(case sensitive). 

 

5.2.3.4 After inputting the User ID and Password, click the 
OK button. 

 

5.2.3.5 Click on Instrument/Connect on the main toolbar.  A 
Connect dialog window will appear. 

 

5.2.3.6 Click on the Flat Sample Stage) configuration. 
 

5.2.3.7 Click the OK button. 
 

5.2.3.8 An X’Pert Data Collector dialog box will appear with 
yellow triangles with exclamation points in them. This 
window will tell you what things must be changed. 

 

5.2.3.9 Click the OK button. 
 

NOTE: The fixed slits are placed in the component with the v notch at 
the top.  There is only one way and one opening that the slits 
will go into the component. 

NOTE: The mirrors must be run at 45kV and 40 mA. 
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5.2.3.10 The Flat Sample Stage configuration window will 
appear.  The window has three tabs: Instrument 
Settings, Incident Beam Optics, and Diffracted Beam 
Optics. 

 

5.2.3.11 Click on the Instrument Setting tab. 
5.2.3.12 Double click the Generator: PW 3040 (mppc) line. 

 

5.2.3.13 The Instrument Settings window will appear.  This 
window has three tabs: Position, Sample Stage, and X-
ray. 

 

5.2.3.14 Click the X-ray tab. 
 

5.2.3.15 Click in the Tension (kV) box with the left mouse 
button and highlight the value. 

5.2.3.16 Type in 45. 
 

5.2.3.17 Repeat the process for the Current (mA). 
 

5.2.3.18 Type in 40. 
 

5.2.3.19 Click either the OK or the Apply button.  The OK 
button will make the changes and automatically close 
the window.  The Apply button will make the changes, 
but the window will stay open.  The close button will 
have to be depressed for the window to close. 

 

5.2.3.20 Click Measure/Program on the main toolbar. 
 

5.2.3.21 The Open Program window will appear.  Use the scroll 
bar adjacent to the List Programs of Type dialog box, 
and select General Batch. 

 

5.2.3.22 Click on the CalMXquartz name on the list. 
 

5.2.3.23 Click the OK button. 
 

5.2.3.24 A Start window will appear.  On the bottom of the 
window there are two tabs: Filename and Filename 
settings. 

 

5.2.3.25 Make sure the Filename starts off with F:\Xrd-
Current Year.  

 

5.2.3.26 Click OK.  This will start the scan. 
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5.2.3.27 The scan is complete when you hear the shutter 
closing on the x-ray tube. 

 

5.2.3.28 The following are steps to locate the data for Data 
Evaluation: 
• Double click on the JADE Icon on the desktop of 

the data evaluation computer. 
• Click on File, and then Patterns. 
• Select the ADSCLUSTER Drive. 
• Double click on the XRD-Current Year.   
• Change the file extension to Philips PC-XML Ascii 

Pattern Files (*.xrd). 
• Double click on the correct filename for range 1. 
• Click on File, and then Patterns. 
• Select the correct filename for range 2 and add this 

to range 1. 
• Click Edit/Merge Segments. 

 

5.2.4 The Fixed Divergent slit with the Programmable Receiving slit 
and Prop Detector Configuration. 

 

5.2.4.1  Insert the following:  
  

 Instrument    
Incident Soller Slit 0.04 Rad  

Fixed Divergent Slit 1/2°  

Beam Mask  10mm   

Divergent Antiscatter Slit 1° 

SC (Flat Sample Stage) Novaculite    
Programmable Receiving Slit 0.2mm  
  

 
 
 
 

 

5.2.4.2 Double click on the X’Pert Data Collector Icon on 
the desktop. 

 

5.2.4.3 The software will ask for a User ID and a Password.  
The User ID is User-1 and the Password is galaxy 
(case sensitive). 

NOTE: The fixed slits are placed in the component with the v notch at 
the top.  There is only one way and one opening that the slits 
will go into the component. 
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5.2.4.4 After inputting the User Id and Password, click the 
OK button. 

 

5.2.4.5 Click on Instrument/Connect on the main toolbar.  A 
Connect dialog window will appear. 

5.2.4.6 Click on the Flat Sample Stage configuration. 
 

5.2.4.7 Click the OK button. 
 

5.2.4.8 An X’Pert Data Collector dialog box will appear with 
yellow triangles with exclamation points in them. This 
window will tell you what things must be changed. 

 

5.2.4.9 Click the OK button. 
 

5.2.4.10 The Flat Sample Stage configuration window will 
appear.  The window has three tabs: Instrument 
Settings, Incident Beam Optics, and Diffracted Beam 
Optics. 

 

5.2.4.11 Click on the Instrument Setting tab. 
 

5.2.4.12 Double click the Generator: PW 3040 (mppc) line. 
 

5.2.4.13 The Instrument Settings window will appear.  This 
window has three tabs: Position, Sample Stage, and X-
ray. 

 

5.2.4.14 Click the X-ray tab. 
 

5.2.4.15 Click in the Tension (kV) box with the left mouse 
button and highlight the value. 

 

5.2.4.16 Type in 45. 
 

5.2.4.17 Repeat the process for the Current (mA). 
 

5.2.4.18 Type in 40. 
 

5.2.4.19 Click either the OK or the Apply button.  The OK 
button will make the changes and automatically close 
the window.  The Apply button will make the changes, 
but the window will stay open.  The close button will 
have to be depressed for the window to close. 

 

5.2.4.20 Click Measure/Program on the main toolbar. 
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5.2.4.21 The Open Program window will appear.  Use the scroll 
bar adjacent to the List Programs of Type dialog box, 
and select General Batch. 

 

5.2.4.22 Click on the CalFPRSquartz name on the list. 
 

5.2.4.23 Click the OK button. 
 

5.2.4.24 A Start window will appear.  On the bottom of the 
window there are two tabs: Filename and Filename 
settings. 

 

5.2.4.25 Make sure the Filename starts off with F:\XRD-
Current Year. 

 

5.2.4.26 Click OK.  This will start the scan. 
 

5.2.4.27 The scan is complete when you hear the shutter 
closing on the x-ray tube. 

 

5.2.4.28 The following are steps to locate the data for Data 
Evaluation: 

 

• Double click on the JADE Icon on the desktop of 
the data evaluation computer. 

• Click on File, and then Patterns. 
• Select the ADSCLUSTER Drive. 
• Double click on the XRD-Current Year.   
• Change the file extension to Philips PC-XML Ascii 

Pattern Files (*.xrd). 
• Double click on the correct filename for range 1. 
• Click on File, and then Patterns. 
• Select the correct filename for range 2 and add this 

to range 1. 
• Click Edit/Merge Segments. 

 

5.2.5  The Fixed Divergent slit with the 0.18 Parallel Plate Collimator 
and Prop Detector Configuration 

 

5.2.5.1  Insert the following:  
  

 Instrument    
Incident Soller Slit 0.04 Rad  

Fixed Divergent Slit 1/2°  
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Beam Mask  10mm   

Divergent Antiscatter Slit 1° 

SC (Flat Sample Stage) Novaculite    
Parallel Plate Collimator Slit 0.18 
Parallel Plate Collimator 
Soller Slit 0.04 Rad  

  

 
 
 
 

5.2.5.2 Double click on the X’Pert Data Collector Icon on 
the desktop. 

 

5.2.5.3 The software will ask for a User ID and a Password.  
The User ID is User-1 and the Password is galaxy 
(case sensitive). 

 

5.2.5.4 After inputting the User ID and Password, click the 
OK button. 

 

5.2.5.5 Click on Instrument/Connect on the main toolbar.  A 
Connect dialog window will appear. 

 

5.2.5.6 Click on the Flat Sample Stage configuration. 
 

5.2.5.7 Click the OK button. 
 

5.2.5.8 An X’Pert Data Collector dialog box will appear with 
yellow triangles with exclamation points in them. This 
window will tell you what things must be changed. 

 

5.2.5.9 Click the OK button. 
 

5.2.5.10 The Flat Sample Stage configuration window will 
appear.  The window has three tabs: Instrument 
Settings, Incident Beam Optics, and Diffracted Beam 
Optics. 

 

5.2.5.11 Click on the Instrument Setting tab. 
 

5.2.5.12 Double click the Generator: PW 3040 (mppc) line. 
 

NOTE: The fixed slits are placed in the component with the v notch at 
the top.  There is only one way and one opening that the slits 
will go into the component. 
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5.2.5.13 The Instrument Settings window will appear.  This 
window has three tabs: Position, Sample Stage, and X-
ray. 

 

5.2.5.14 Click the X-ray tab. 
 

5.2.5.15 Click in the Tension (kV) box with the left mouse 
button and highlight the value. 

 

5.2.5.16 Type in 45. 
 

5.2.5.17 Repeat the process for the Current (mA). 
 

5.2.5.18 Type in 40. 
5.2.5.19 Click either the OK or the Apply button.  The OK 

button will make the changes and automatically close 
the window.  The Apply button will make the changes, 
but the window will stay open.  The close button will 
have to be depressed for the window to close. 

 

5.2.5.20 Click Measure/Program on the main toolbar. 
 

5.2.5.21 The Open Program window will appear.  Use the scroll 
bar adjacent to the List Programs of Type dialog box, 
and select General Batch. 

 

5.2.5.22 Click on the CalFPPquartz name on the list. 
 

5.2.5.23 Click the OK button. 
 

5.2.5.24 A Start window will appear.  On the bottom of the 
window there are two tabs: Filename and Filename 
settings. 

 

5.2.5.25 Make sure the Filename starts off with F:\XRD-
Current Year. 

 

5.2.5.26 Click OK.  This will start the scan. 
 

5.2.5.27 The scan is complete when you hear the shutter 
closing on the x-ray tube. 

 

5.2.5.28 The following are steps to locate the data for Data 
Evaluation: 
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• Double click on the JADE Icon on the desktop of 
the data evaluation computer. 

• Click on File, and then Patterns. 
• Select the ADSCLUSTER Drive. 
• Double click on the XRD-Current Year.   
• Change the file extension to Philips PC-XML Ascii 

Pattern Files (*.xrd). 
• Double click on the correct filename for range 1. 
• Click on File, and then Patterns. 
• Select the correct filename for range 2 and add this 

to range 1. 
• Click Edit/Merge Segments. 

 

5.2.6  The Incident Mirror with the 0.18 Parallel Plate Collimator and 
Prop Detector Configuration. 

 

5.2.6.1  Insert the following:  
  

 Instrument    

Divergence Mirror Slit 1/2° 

Mirror Mask Remove 
Mirror Soller Slit 0.04 Rad   

Beam Knife Edge Installed   

SC (Flat Sample Stage) Novaculite    
Parallel Plate Collimator Slit 0.18 
Parallel Plate Collimator 
Soller Slit 0.04 Rad  
  

 
 

 
 

 
 

 

5.2.6.2 Double click on the X’Pert Data Collector Icon on 
the desktop. 

 

5.2.6.3 The software will ask for a User ID and a Password.  
The User ID is User-1 and the Password is galaxy 
(case sensitive). 

 

NOTE: The fixed slits are placed in the component with the v notch at 
the top.  There is only one way and one opening that the slits 
will go into the component. 

NOTE: The mirrors must be run at 45kV and 40 mA. 

Appendix H

94 of 133 DCN SC412 Rev 4



SAVANNAH RIVER NATIONAL LABORATORY Manual: L16.1  
ANALYTICAL DEVELOPMENT SECTION Procedure: ADS-1120 
ADS ANALYTICAL OPERATING PROCEDURES Rev.: 0 
 Page:  22 of 51 
TECHNICAL REFERENCE Effective Date: 9/14/2004 
    

 

    

5.2.6.4 After inputting the User ID and Password, click the 
OK button. 

 

5.2.6.5 Click on Instrument/Connect on the main toolbar.  A 
Connect dialog window will appear. 

 

5.2.6.6 Click on the Flat Sample Stage configuration. 
 

5.2.6.7 Click the OK button. 
 

5.2.6.8 An X’Pert Data Collector dialog box will appear with 
yellow triangles with exclamation points in them. This 
window will tell you what things must be changed. 

 

5.2.6.9 Click the OK button. 
 

5.2.6.10 The Flat Sample Stage configuration window will 
appear.  The window has three tabs: Instrument 
Settings, Incident Beam Optics, and Diffracted Beam 
Optics. 

 

5.2.6.11 Click on the Instrument Setting tab. 
 

5.2.6.12 Double click the Generator: PW 3040 (mppc) line. 
 

5.2.6.13 The Instrument Settings window will appear.  This 
window has three tabs: Position, Sample Stage, and X-
ray. 

 

5.2.6.14 Click the X-ray tab. 
 

5.2.6.15 Click in the Tension (kV) box with the left mouse 
button and highlight the value. 

 

5.2.6.16 Type in 45. 
 

5.2.6.17 Repeat the process for the Current (mA). 
 

5.2.6.18 Type in 40. 
 

5.2.6.19 Click either the OK or the Apply button.  The OK 
button will make the changes and automatically close 
the window.  The Apply button will make the changes, 
but the window will stay open.  The close button will 
have to be depressed for the window to close. 

 

5.2.6.20 Click Measure/Program on the main toolbar. 
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5.2.6.21 The Open Program window will appear.  Use the scroll 
bar adjacent to the List Programs of Type dialog box, 
and select General Batch. 

 

5.2.6.22 Click on the CalMPPquartz name on the list. 
 

5.2.6.23 Click the OK button.  This will start the scan. 
 

5.2.6.24 A Start window will appear.  On the bottom of the 
window there are two tabs: Filename and Filename 
settings. 

 

5.2.6.25 Make sure the Filename starts off with F:\XRD-
Current Year. 

5.2.6.26 Click OK 
 

5.2.6.27 The scan is complete when you hear the shutter 
closing on the x-ray tube. 

 

5.2.6.28 The following are steps to locate the data for Data 
Evaluation: 

 

• Double click on the JADE Icon on the desktop of 
the data evaluation computer. 

• Click on File, and then Patterns. 
• Select the ADSCLUSTER Drive. 
• Double click on the XRD-Current Year.   
• Change the file extension to Philips PC-XML Ascii 

Pattern Files (*.xrd). 
• Double click on the correct filename for range 1. 
• Click on File, and then Patterns. 
• Select the correct filename for range 2 and add this 

to range 1. 
• Click Edit/Merge Segments. 

 

5.2.7 The Fixed Divergent Slit with the Two beam Tunnels and 
X’Celerator Detector Configuration. 

 

5.2.7.1  Insert the following:  
  

 Instrument    
Incident Soller Slit 0.04 Rad  

Fixed Divergent Slit 1/2°  
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Beam Mask  10mm   

Divergent Antiscatter Slit 1° 

SC (Flat Sample Stage) Novaculite   

Short Beam Tunnel 3.4 
Long Beam Tunnel 5.5 
Attenuator Ni  

  
 
 
 

 
 

5.2.7.2 Double click on the X’Pert Data Collector Icon on 
the desktop. 

 

5.2.7.3 The software will ask for a User ID and a Password.  
The User ID is User-1 and the Password is galaxy 
(case sensitive). 

 

5.2.7.4 After inputting the User ID and Password, click the 
OK button. 

 

5.2.7.5 Click on Instrument/Connect on the main toolbar.  A 
Connect dialog window will appear. 

 

5.2.7.6 Click on the Flat Sample Stage configuration. 
 

5.2.7.7 Click the OK button. 
 

5.2.7.8 An X’Pert Data Collector dialog box will appear with 
yellow triangles with exclamation points in them. This 
window will tell you what things must be changed. 

 

5.2.7.9 Click the OK button. 
 

5.2.7.10 The Flat Sample Stage configuration window will 
appear.  The window has three tabs: Instrument 
Settings, Incident Beam Optics, and Diffracted Beam 
Optics. 

 

5.2.7.11 Click on the Instrument Setting tab. 
 

5.2.7.12 Double click the Generator: PW 3040 (mppc) line. 
 

NOTE: The fixed slits are placed in the component with the v notch at 
the top.  There is only one way and one opening that the slits 
will go into the component. 
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5.2.7.13 The Instrument Settings window will appear.  This 
window has three tabs: Position, Sample Stage, and X-
ray. 

 

5.2.7.14 Click the X-ray tab. 
 

5.2.7.15 Click in the Tension (kV) box with the left mouse 
button and highlight the value. 

 

5.2.7.16 Type in 45. 
 

5.2.7.17 Repeat the process for the Current (mA). 
 

5.2.7.18 Type in 40. 
 

5.2.7.19 Click either the OK or the Apply button.  The OK 
button will make the changes and automatically close 
the window.  The Apply button will make the changes, 
but the window will stay open.  The close button will 
have to be depressed for the window to close. 

 

5.2.7.20 Click Measure/Program on the main toolbar. 
 

5.2.7.21 The Open Program window will appear.  Use the scroll 
bar adjacent to the List Programs of Type dialog box, 
and select General Batch. 

 

5.2.7.22 Click on the CalFXquartz name on the list. 
 

5.2.7.23 Click the OK button.  This will start the scan. 
 

5.2.7.24 A Start window will appear.  On the bottom of the 
window there are two tabs: Filename and Filename 
settings. 

 

5.2.7.25 Make sure the Filename starts off with F:\XRD-
Current Year. 

 

5.2.7.26 Click OK. 
 

5.2.7.27 The scan is complete when you hear the shutter 
closing on the x-ray tube. 

 

5.2.7.28 The following are steps to locate the data for Data 
Evaluation: 
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• Double click on the JADE Icon on the desktop of 
the data evaluation computer. 

• Click on File, and then Patterns. 
• Select the ADSCLUSTER Drive. 
• Double click on the XRD-Current Year.   
• Change the file extension to Philips PC-XML Ascii 

Pattern Files (*.xrd). 
• Double click on the correct filename for range 1. 
• Click on File, and then Patterns. 
• Select the correct filename for range 2 and add this 

to range 1. 
• Click Edit/Merge Segments. 

 

5.3 The following specifications should be met for satisfactory 
instrument performance: 

 

For the quartz (101) Kα 1/Kα 2 peak: 
 

Scintillation 
Peak Intensity   >20,000 cts/s 

Peak 2Θ  value  26.65° ± 0.03° 
 

For the quartz (302) Kα 1 peak: 
 

Scintillation 
Peak Intensity  > 1,500 cts/s 

Peak 2Θ  value  68.32° ± 0.03° 
 

Resolution (H1/H2) 2 
where H1 is the peak intensity of the Kα 1(212) peak 

  H2 is the average of the three troughs between the    
  line pairs. 
 

Kα 1(212): Kα 2(212); Kα 2(212): Kα 1(203) 
 

Kα 1(301): Kα 2(301) 
 

All intensities are background subtracted. 
 

5.3.1 Three additional specifications need to be run to determine if 
the extensive calibration is needed.  The tests are run using the 
Si powder standard, which came with the system, in standard 
Bragg - Brentano configuration.  These tests, Linearity, 
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Modulation Depth, and Reproducibility, are run with the use of 
the X’Pert Data Collector software.  All the tests are done with 
45 kV and 40 mA. 

 
 
 

5.3.2 Linearity Test 
 

5.3.2.1 Insert the following:  
  

 Instrument    
Incident Soller Slit 0.04 Rad  

Fixed Divergent Slit 1°  

Beam Mask  10mm   

Divergent Antiscatter Slit 2° 

SC (Flat Sample Stage) Si Powder Sample   

Long Beam Tunnel 8.7 
Attenuator Ni 
Detector X’Celerator 

 

5.3.2.2 The following 2theta angles are measured (#steps, step 
size, and time are included below): 
 

Angle  Steps   Step size Time 
( ° 2Θ )     ( ° 2Θ )    (s) 
28.443  31  0.005  1.00 
47.303  21  0.010  1.25 
56.123  21  0.010  2.00 
69.131  21  0.010  5.00 
76.377  21  0.010  5.00 
88.032  21  0.010  5.00 
94.954  21  0.015  5.00 
106.711  21  0.015  7.50 
114.094  21  0.015  15.00 
127.547  21  0.015  15.00 
136.897  21  0.020  20.00   

 

5.3.2.3 Record the following information: 

Appendix H

100 of 133 DCN SC412 Rev 4



SAVANNAH RIVER NATIONAL LABORATORY Manual: L16.1  
ANALYTICAL DEVELOPMENT SECTION Procedure: ADS-1120 
ADS ANALYTICAL OPERATING PROCEDURES Rev.: 0 
 Page:  28 of 51 
TECHNICAL REFERENCE Effective Date: 9/14/2004 
    

 

    

The intensity of the 28.443 °  reflection (at measured 
maximum position) and the measured peak positions 
(profile fit the peaks). 
 

5.3.2.4 Calculate the difference between the Actual peak 
position and the observed peak positions. 

5.3.2.5 Calculate the Bandwidth.  The bandwidth is the most 
positive peak position difference minus the most 
negative peak position difference.  The bandwidth 
should be <0.030 °  2theta. 

 

5.3.2.6 If the bandwidth is greater than 0.030 °  2theta check 
the following: 
• Check the sample height 
• Check if the sample is correctly inserted (not tilted) 
• Check the tube focus alignment (tube height) 

 

5.3.3 Modulation Depth Test 
 

5.3.3.1 Insert the following:  
  

 Instrument    
Incident Soller Slit 0.04 Rad  

Fixed Divergent Slit 1°  

Beam Mask  10mm   

Divergent Antiscatter Slit 2° 

SC (Flat Sample Stage) Si Powder Sample   

Long Beam Tunnel 8.7 
Attenuator Ni 
Detector X’Celerator 
 

5.3.3.2 Measure the 56.123 °  with 21 steps, a step size of 
0.010, and a dwell time of 2.00 seconds. 

 

5.3.3.3 Determine the following: Resolution 2-theta FWHM, 
Modulation Depth, and the Kα 1/Kα 2 Intensity ratio.  
The modulation depth is the ratio between the valley 
(of Kα 1 and Kα 2) and the top of the Kα 2. 
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5.3.3.4 The following are the specifications of the three 
determinations: 

 

• Resolution 2-theta FWHM  < 0.12° 
• Modulation Depth    < 75% 
• Kα 1/Kα 2 Intensity ratio   ~50% 

 

5.3.3.5 If the above specifications are not met, check the 
following: 

 

• Check the position of the receiving slit (radius) 
• Check the opening of the receiving slit 
• Check the calibration of the receiving slit 
• Check the Theta alignment and/or calibration. 

 

5.3.4 Reproducibility Test 
 

5.3.4.1 Insert the following:  
  

 Instrument    
Incident Soller Slit 0.04 Rad  

Fixed Divergent Slit 1°  

Beam Mask  10mm   

Divergent Antiscatter Slit 2° 

SC (Flat Sample Stage) Si Powder Sample   

Long Beam Tunnel 8.7 
Attenuator Ni 
Detector X’Celerator 
 

5.3.4.2 Measure the 28.443° peak of the Si powder sample ten 
times in a general batch program with a step size of 
0.01° and a dwell time of 1 second. 

 

5.3.4.3 Determine the reproducibility of the measurement.  
The required reproducibility is < 0.00200° 2 theta. 
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5.3.4.4 If the reproducibility of the measurement is > 0.002° 2 
theta check the following: 

 

• Check the movement of 2 theta 

• Check the 2 theta alignment and/or calibration. 
 

 

 

5.4  Standards 
 

Qualitative – A vendor supplied novaculite (quartz) plate is used for 
calibration. 
 

Quantitative – The following is a list of NIST standards, which are 
used: Si (NIST SRM640c), alumina (NIST SRM 676), LaB6 (NIST 
SRMs 660 and 660a), and fluorophlogopite (NIST SRM 675).  None of 
these standards has as an expiration date. 

 

5.5 Operating Procedure 
 

5.5.1 Emergency Shutdown   
 

Note: Emergency shutdown is required in the event of general 
fire, flooding, or massive contamination.  This procedure is 
intended primarily for Building Services or Fire Department 
personnel when problems develop off-shift. 
 

5.5.1.1 Close PCW valve in cabinet in personnel corridor 
outside C-123. 

 

5.5.1.2 Call Task Supervisor. 
 

 

5.5.2 Normal Operating Procedures for Bruker D8 Advance X-Ray 
Diffractometer  

 
5.5.2.1 Specimen Preparation 

 
The specimen usually will have to be ground to a 
particle size range of 0.2 to 10 µm to achieve maximum 
and reproducible intensities.  Metal plates and other 
types of monoliths do not have to be ground if they are 
sufficiently fine grained and do not have 
crystallographic texture.  If there are texture 
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phenomena, the intensities will have to be corrected for 
quantitative determinations. 
 

For qualitative analysis, the powdered specimen must 
be applied to an amorphous support, which has a low x-
ray diffraction background, such as quartz (cut along 
the [100] plane), plate glass (most common), or lexan.   
The most common qualitative preparation methods are 
as follows: 
 

5.5.2.1.1 Coat a 2" diameter glass plate with a thin film 
of Vaseline.  Sprinkle approximately 100 mg of 
finely ground sample onto the plate and using 
a microscope slide smear the material to as 
thin a layer as possible (<0.1 mm).  The 
sample need only cover the center portion (1" 
dia) of the disk. 

 

5.5.2.1.2 Place approximately 100 mg of finely ground 
sample in a mound in the center of the 2" 
diameter glass plate.  Add a couple of drops of 
10:1 mixture of amyl acetate/collodion to the 
material and using a paper clip spread the 
sample to as thin a layer as possible  (<0.1 
mm).   The sample need only cover the center 
portion (1" dia) of the disk. 

 

5.5.2.1.3 The first two methods should be appropriate 
for most materials.  However, for samples that 
show preferred orientation, such as clays and 
other micaceous minerals, see the Task 
Supervisor for instructions on preparing back-
loaded or dusted mounts.  

 

For quantitative analysis, a relatively thick sample 
must be prepared for good reproducibility, to ensure the 
sample is infinitely thick, and to reduce texture effects 
on intensity measurements.  

 

5.5.2.1.4 Pour finely ground sample into a 1" dia. by 
1/8” deep depression in a 2” dia. Lexan disk.  
Compact sample evenly with a spatula; scrape 
off any excess quantity.  Repeat this process 
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several times with a thin layer of powder until 
the cup is filled to its edge as evenly as 
possible.  The top of the sample must be flush 
with the top of the Lexan disk.   

 

5.5.2.1.5 This method should be appropriate for most 
materials.  However, for samples that show 
preferred orientation, such as clays and other 
micaceous minerals, see the Task Supervisor 
for instructions on preparing back-loaded or 
side-loaded mounts.  

 

5.5.2.1.6 Load sample in goniometer.  Make sure that 
the sample is seated properly in the sample 
holder.  

 

5.5.2.2 X’Pert Pro 
 

For normal operation insert or set the following: 
  

  Instrument  
Incident Soller Slit 0.04 Rad  

Fixed Divergent Slit 1/2°  

Beam Mask  10mm   

Divergent Antiscatter Slit 1° 

SC Novaculite   

Short Beam Tunnel 3.4 
Long Beam Tunnel 5.5 
Attenuator Ni  

 
 

 
 
 
 

5.5.2.3 Recirculating Chiller - Haskris R100 Serial number H-
A13853 

 

5.5.2.3.1 Turn On-Off Switch to "ON". 
  

NOTE: The fixed slits are placed in the component with 
the v notch at the top.  There is only one way and 
one opening that the slits will go into the 
component. 
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5.5.2.3.2 Tank Level Indicator light to the left of the 
switch will illuminate for the Haskris chiller.  
If off, refill the tank with deionized water.  

5.5.2.3.3 Set temperature at 72 °F on the Haskris.  Set 
GPM water gauge at 1.4 GPM. 

 
 
 
 
 

5.5.2.4 Electronics/Generator High Voltage Supply 
 

5.5.2.4.1 Turn the HT Key Switch on the control and 
display panel clockwise. 

 

5.5.2.4.2 Make sure the front sliding and rear doors are 
closed.   

 

5.5.2.4.3 Press the Power On button on the control 
and display panel. The “Standby” indicator 
lamp will go out and the “Power On” will be 
lit.  

 
5.5.2.4.4 Wait until the LEDs on the control and 

display panel are lit.  When no dots are shown 
on the “Shutter Open” LED the system starts 
its inialization procedure.  The HT generator 
will switch on to a generator setting of 15 kV, 
5mA.  The X-rays On Lamp on top of the 
enclosure will light. 

 

 
 
 
 
 
 
 
 

 
 
 
 
 

NOTE: If three moving dots are shown on the “Shutter Open” LED 
it indicates that the enclosure doors and/or the rear panels 
are not correctly closed or that the HT key is not turned on.  
In this condition, the system cannot be initialized; either 
close the doors or turn the HT key switch clockwise, in order 
to let the system continue its initialization procedure. 

NOTE: If the system has been shut down completely, the x-ray tube 
must be Breed.  The breeding process is found in the X’Pert 
Data Collector software.  Click on the Instrument Setting 
tab and double click on the Generator PW3040 header.  An 
Instrument Settings window will appear.  Click on the 
Breed button located in the middle of this window. 
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5.5.2.5  Computer - On the Desktop: 
 

5.5.2.5.1 If an attachment has been replaced: 
 

• Select the X’Pert Data Collector Icon on 
the Desktop 

• Enter User-1 in the User box, and galaxy 
for the Password on the Login window. 

• If the sample stage is different then the 
one that is attached to the instrument, 
select Tools/Exchange Sample Stage from 
the main toolbar.  A Change Sample Stage 
window will appear.  Select from one of the 
4 sample stages (PW3071/xx Bracket, 
Capillary Spinner, Anton Paar HTK 1200 
Oven, and the Anton Paar XRK-900).  
There is one other sample stage in the list, 
which is the PW 3072/xx bracket.  This is a 
spinner stage, which we do not have.   

• After selecting the desired sample stage, 
click the Apply button. 

• The X’Pert Wizard will appear.  The 
Wizard will go through the steps of how to 
change to a different sample stage.  After 
each step is complete, click the Next 
button.  Click the Finish button when 
complete. 

• Select Instrument/Connect from the main 
toolbar. 

• Select appropriate configuration based on 
the above stage selection, and click OK.  
There are several configurations.  They are 
as follows: Anton Paar HTK 1200, Anton 
Paar XRK 900, Capillary Spinner, Flat 
sample stage, and Mirror-mirror. A X’Pert 
Data Collector window will appear with 
upside down yield signs.  Select the OK 
button. 
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• Based on your configuration selection, a 
window will appear with the name of the 
configuration. 

• Select the Instrument Settings tab.  
• Double click on the Generator header.  An 

Instrument setting window will appear.  
Type in 45kV and 40mA for the voltage 
and current in the appropriate boxes. 

• Click the OK button.  This will adjust the 
voltage and current, and the widow will 
close when the generator reaches the 
inputted values. 

                                                                            
5.5.2.5.2 Select Measure/Program from the main 

toolbar.  An Open Program window will 
appear. 

 

5.5.2.5.3 Select the program by using the scroll bar 
adjacent to the list programs of type dialog 
box.  The type of program depends on the 
sample stage selected and the type of 
measurement to be performed.  The following 
is a list of the types of programs: Relative 
scan, Absolute scan, 2-Axes measurement, 
Stationary measurement, General batch, and 
non-ambient program.  After making a 
selection, all the programs for that type will 
appear. 

 

5.5.2.5.4 Select the appropriate Name (model) by 
moving the scroll bar and clicking on that line. 

 
 
 
 
 

 

5.5.2.5.5 Click the OK button.  A Start window will 
appear. 

 

5.5.2.5.6 In the Name box, highlight everything up to 
the .xrdml and delete it.  Type in the ADS 
number for the name. 

NOTE: There are several models available for slower or longer 
scans, and different configurations.  Consult the Task 
Supervisor.  See Attachment 5 on how to create a 
Program/Model. 
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5.5.2.5.7 Click on the Folder Icon to the right. 
 

5.5.2.5.8 Click on the arrow next to the Save in box, 
and select the Adscluster. 

 

5.5.2.5.9 The Adscluster will appear.  Select the current 
year XRD folder. (XRD-20xx) 

 

5.5.2.5.10 Click the save button. 
 

5.5.2.5.11 Type the Customer’s identification into the 
Sample ID box. 

 

5.5.2.5.12 Click the OK button.  The instrument will 
start the measurement. 

 

5.5.2.5.13 The scan is complete when the numbers for 
Omega and 2Theta, located on the left corner 
of the X’Pert Data Collector window, stopped 
increasing. 

 

5.5.2.5.14 The following are steps to locate the data for 
Data Evaluation: 

 

• Double click on the JADE Icon on the 
desktop of the data evaluation computer. 

• Click on File, then Patterns. 
• Select the ADSCLUSTER drive. 
• Select the XRD- Current Year.  
• Select the file extension for Philips PC-

XML Ascii Pattern Files (*.xrd). 
• Double click on the correct filename. 

 

5.5.2.5.15 Use various options in the MDI Jade+ 
software to obtain diffraction results after 
the scan is completed.  See appropriate 
manuals for more information. 

 

5.5.2.5.16 Enter results in the XRD Sample Logbook 
and into the ADS LIMS. 

 

5.6 Normal Shutdown 
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5.6.1 Double click on the Generator PW3040 header on the 
Instrument Setting tab for the particular configuration that was 
used. 

 

5.6.2 Type in 20 and 10 for the kV and mA.  Click on the OK button. 
 

5.6.3 Switch the HT generator off by turning the HT key switch on 
the control and display panel counter-clockwise.  The “X-rays 
On” lamp on top of the enclosure will go out. 

 

5.6.4 Press the “Standby” button on the control and display panel.  
The “Power On” indicator lamp will go out and the “Standby” 
indicator lamp will light. 

 

5.6.5 Turn the ON/OFF switch on the Haskris recirculating chiller to 
the “OFF” position. 

 

6.0 RECORDS 
 

6.1 The X-Ray Diffraction Logbook shall be handled in accordance with 
Records Management procedures.  

 

6.2 A copy of all the x-ray diffraction raw data shall be stored for five 
years on the ADS file server in a location separate from the XRD 
facility. 

 

6.3 A copy of the Maintenance Reports shall be entered into the 
Maintenance Notebook. 

 

6.4 The calibration results shall be entered into the Calibration Notebook. 
 

6.5 Results for all routine analytical samples will be entered into the ADS 
Laboratory Information System and the XRD Logbook using the ADS 
LIMs numbers. 

 

7.0 REFERENCES 
 

7.1 PANalytical X’Pert Pro Manuals and Prints 
 

• X’Pert Pro User’s Guide 
• X’Pert Pro Service Manual 

 

7.2  Anton Paar 
 

• Anton Paar HTK 1200 Manual 
• Anton Paar XRK 900 Manual 
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• Anton Paar TCU 1000 Manual 
• Anaton Paar TCU 750 Manual 
• LeyBold  TurboVac Manual 
• LeyBold TriiVacB Rotary Vane Vacuum Pump Manual 

 

7.3 Haskris 
 

Model R100C Refrigerated Closed Circuit Water Chiller Instruction 
Manual.  

 

7.4  Materials Data Inc. 
  

Jade for Windows Manual 
 
7.5 WSRC 8Q, Employee Safety Manual 12, General Site Safety 

Requirements. 
 

8.0 ATTACHMENTS 
  

8.1 Attachment 1: Interlocks for the PANalytical X’Pert Pro 
 

8.2  Attachment 2: Creating a New Program File 
 

8.3  Attachment 3: Creating a New Non-ambient Program File 
 

8.4 Attachment 4: Scans: Quartz (Main Reflection and the Five Finger 
Region) 

 
 

 

Appendix H

111 of 133 DCN SC412 Rev 4



SAVANNAH RIVER NATIONAL LABORATORY Manual: L16.1  
ANALYTICAL DEVELOPMENT SECTION Procedure: ADS-1120 
ADS ANALYTICAL OPERATING PROCEDURES Rev.: 0 
 Page:  39 of 51 
TECHNICAL REFERENCE Effective Date: 9/14/2004 
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INTERLOCKS for the PANalytical X’Pert Pro 
 

This table lists the interlocks for which routine testing is not necessary.  This list 
and the PANalytical schematics are required to troubleshoot the systems when x-
rays cannot be produced or tube shutters will not open.  A number of the interlocks 
are synergistic.  See reference section for a list of the PANalytical schematics 
documenting interlocks logic. 

 

Purpose  Fault Device(s) Controlled Interlocks   
 

Radiation Safety No X-ray On light X-ray power 1 lamp 
 on top of equipment   
 enclosure. 
   

Radiation Safety Burned out yellow 1 shutter on 1 LED 
 Shutter open light x-ray tube  
     

Radiation Safety Burned out X-ray On  X-ray power 1 light 
 Lamp on the control  
 Panel 
 

Radiation Safety X-ray tube out of X-ray power "Rip Cord" pigtail 
 position  connector at 
    bottom of tube 

  housing unplugged  
 

Radiation Safety Back panel not X-ray power 2 microswitches 
 properly positioned   
 

Radiation Safety Front doors not X-ray power 4 microswitches 
 properly closed   
 

Radiation Safety Shutter does not X-ray power 1 microswitch 
 open   

 

Protect Generator X-ray generator and X-ray power The cooling water  
and Tube tube switched off  fell below 3.5 l/min.   
           

Protect X-ray tube or X-ray power 1. The tube indicator  
generator generator will not  plug is not correctly 
 turn on  fitted into the 
                                                                                                       sockets 
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Purpose  Fault Device(s) Controlled Interlocks   
    in the tube shield 
                                                                                                       and the X-ray tube. 
    2. The cylinder   
                                                                                                       through which the   
                                                                                                       HT cable passes  
                                                                                                       from the HT tank 

    to the X-ray 
    enclosure is not 
    correctly fitted. 

       
Protect Water PCW water flow Compressor Thermostat 
Recirculator      
Compressor     
 

Protect Water Excess input Power from Main 1. 15A breaker 
Recirculator current  2. Fuse 
 

Protect Water Water  Compressor Thermostat 
Recirculator temperature 
 

Protect Water Water Flow  Pump Flowmeter 
Recirculator   
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CREATING A NEW PROGRAM FILE 
 

The Program file specifies all of the instrument operating conditions. 
 

1. Double click on the Data Collector Icon on the desktop. 
2. The Login window will appear. 
3. Log on with the following information: 

User:   User-1 (case sensitive) 
Password: galaxy 

4. Press the OK button. 
5. Select File/New Program from the main toolbar.  The New Program window 

will appear. 
6. Use the scroll bar adjacent to the Program type box to select the type of 

Program.  There are 6 different program types to select from which include the 
following: Relative scan, Absolute scan, 2-Axes measurement, Stationary 
measurement, General batch, and Non-ambient program. 

 
 
 

 

 

7. Press the OK button.  The Prepare Absolute scan window will appear. 
8. Select the sample stage by using the scroll bar right underneath the 

Configuration header.  The flat sample stage will be used in this example. 
 

 

 

9. Select Diffracted beam path 1 by clicking the radial box. 
10. Select the Gonio for the Scan Axis by using the scroll bar underneath the Scan 

Axis header.   
 
 

Note:  The direction from here forward will be for an absolute scan.  
Direction for a General batch and a Non-ambient program can be 
found in the next attachment.  For all other programs see the Task 
supervisor. 

Note: See the Task Supervisor for more information on the other sample 
stages. 

Note: There are several different scan axis.  The following is a list of the 
different scan axis: Gonio, Omega, 2Theta, Omega-2Theat, and 
2Theta-Omega.  See the Task Supervisor for more information. 
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11. Select Continuous for the Scan mode. 
12. Input the following information: Start angle, End angle, Step size, Time per 

step, Scan speed. 

 

 

 

 

 

13. Click on the Settings button.  The Program1:Settings window will appear. 
14. Expand the Incident beam path by clicking on the “+” in front of the Incident 

beam path Icon. 
15. Click on the PreFix Module line.  Using the scroll bar on the bottom half of the 

window, select the Incident PreFix module that will be used.  Select either 
Fixed Div. Slit module or the X-ray Mirror Cu module (MPD).  For this 
program the Fixed Incident Div. Slit module will be used.   See the Task 
Supervisor for information regarding the X-ray Mirror Cu module. 

16. Click on the Incident Filter line. 
17. Select None by using the scroll bar on the bottom half of the window. 
18. Click on the Soller slit line. 
19. Select Soller 0.4 rad. by using the scroll bar on the bottom half of the window. 
20. Click on the Beam Attenuator line. 
21. Select None by using the scroll bar on the bottom half of the window. 
22. Click on the Mask line. 
23. Select the Inc. Mask Fixed 10mm (MPD/MRD) by using the scroll bar on the 

bottom half of the window. 
24. Click on the Divergence slit line. 
25. Select the Slit Fixed 1/2 °  by using the scroll bar on the bottom half of the 

window. 
26. Click on the Anti-scatter line. 
27. Select the Slit Fixed 1 °  by using the scroll bar on the bottom half of the 

window. 

Note: If the X’Celerator detector is selected for the program the step size, 
time per step, and the scan speed will need to be changed.  See the 
Task supervisor for more details. 
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28. Click on the Beam knife line. 
29. Select None by using the scroll bar on the bottom of the window. 
30. Click on the Mirror line. 
31. Select None by using the scroll bar on the bottom of the window. 
32. Expand the Diffracted beam path by clicking on the “+” in front of the 

Diffracted beam path Icon. 
33. Click on the PreFix Module line.  Using the scroll bar on the bottom half of the 

window select the Diffracted  PreFix module that will be used.  Select from the 
following: Parallel Plate Collimator 0.18 ° , X’Celerator Module, or the 
X’Celerator Monochromator for Cu.  For this program the X’Celerator Module 
will be used.   See the Task Supervisor for information regarding the other 
Diffracted beam path PreFix Modules. 

34. Click on the Filter line. 
35. Select Actual by using the scroll bar on the bottom of the window. 
36. Click on the Soller slit line. 
37. Select None by using the scroll bar on the bottom of the window. 
38. Click the Detector line. 
39. Select the X’Celerator by using the scroll bar on the bottom of the window.   
40. After selecting the X’Celerator two boxes will appear.  They are Scan Mode and 

Active length (mm). 
41. Select Scanning mode by using the scroll bar. 
42. Type in 2.10 for the Active length. 
43. Click on the scroll bar but do not change the Scan mode.  The Active length 

will change to 2.12. 
44. Click on the Anti-scatter line. 
45. Select None by using the scroll bar on the bottom of the window. 
46. Click on the Collimator line. 
47. Select None by using the scroll bar on the bottom of the window. 
48. Click on the Mask line. 
49. Select None by using the scroll bar on the bottom of the window. 
50. Click on the Monochromator line. 
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51. Select None by using the scroll bar on the bottom of the window. 
52. Click on the Receiving slit line. 
53. Select None by using the scroll bar on the bottom of the window. 
54. After everything is inputted into this file, click the OK button. 
55. Make sure the Step size, Time per step, and Scan speed is correct. 
56. Click on the “X” in upper right hand corner.  A X’Pert Data Collector window 

will appear and the following question will be contained in the window: “Do 
you want to save the changes?” 

57. Click the Yes button.  A Save Program As window will appear. 
58. Type a Name into the Name box.   
59. Click on the box adjacent to Available to all users. 
60. Click the OK button. 
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CREATING A NON AMBIENT PROGRAM 
 

The following directions are for either the XRK900 or the HTK1200 high 
temperature stages. 
 

1. Double click on the Data Collector Icon on the desktop. 
2. The Login window will appear. 
3. Log on with the following information: 

User ID:  User-1 (case sensitive) 
Password: galaxy 

4. Press the OK button. 
5. Select File/New Program from the main toolbar.  The New Program window 

will appear. 
6. Use the scroll bar adjacent to the Program type box to select the Absolute scan 

option.  
7. Press the OK button.  The Prepare Absolute scan window will appear. 
8. Select the sample stage, either the Anton Paar XRK-900 or the Anton Paar 

HTK-1200, by using the scroll bar right underneath the Configuration header.  
9. Select Diffracted beam path 1 by clicking the radial box. 
10. Select the Gonio for the Scan Axis by using the scroll bar underneath the Scan 

Axis header.   
11. Select Continuous for the Scan mode. 
12. Input the following information: Start angle, End angle, Step size, Time per 

step, Scan speed. 
 

 

 

 

 

13. Click on the Settings button.  The Program1:Settings window will appear. 
14. Expand the Incident beam path by clicking on the “+” in front of the Incident 

beam path Icon. 

Note: If the X’Celerator detector is selected for the program, the step size, 
time per step, and the scan speed will need to be changed.  See the 
Task supervisor for more details. 
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15. Click on the PreFix Module line.  Using the scroll bar on the bottom half of the 
window select the Incident PreFix module that will be used.  Select either 
Fixed Div. Slit module or the X-ray Mirror Cu module (MPD).  For this 
program, the Fixed Incident Div. Slit module will be used.   See the Task 
Supervisor for information regarding the X-ray Mirror Cu module. 

16. Click on the Incident Filter line. 
17. Select None by using the scroll bar on the bottom half of the window. 
18. Click on the Soller slit line. 
19. Select Soller 0.4 rad. by using the scroll bar on the bottom half of the window. 
20. Click on the Beam Attenuator line. 
21. Select None by using the scroll bar on the bottom half of the window. 
22. Click on the Mask line. 
23. Select the Inc. Mask Fixed 10mm (MPD/MRD) by using the scroll bar on the 

bottom half of the window. 
24. Click on the Divergence slit line. 
25. Select the Slit Fixed 1/2 °  by using the scroll bar on the bottom half of the 

window. 
26. Click on the Anti-scatter line. 
27. Select the Slit Fixed 1 °  by using the scroll bar on the bottom half of the 

window. 
28. Click on the Beam knife line. 
29. Select None by using the scroll bar on the bottom of the window. 
30. Click on the Mirror line. 
31. Select None by using the scroll bar on the bottom of the window. 
32. Expand the Diffracted beam path by clicking on the “+” in front of the 

Diffracted beam path Icon. 
33. Click on the PreFix Module line.  Using the scroll bar on the bottom half of the 

window, select the Diffracted  PreFix module that will be used.  Select from the 
following: Parallel Plate Collimator 0.18 ° , X’Celerator Module, or the 
X’Celerator Monochromator for Cu.  For this program the X’Celerator Module  
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34. will be used.   See the Task Supervisor for information regarding the other 
Diffracted beam path PreFix Modules. 

35. Click on the Filter line. 
36. Select Actual by using the scroll bar on the bottom of the window. 
37. Click on the Soller slit line. 
38. Select None by using the scroll bar on the bottom of the window. 
39. Click the Detector line. 
40. Select the X’Celerator by using the scroll bar on the bottom of the window.   
41. After selecting the X’Celerator two boxes will appear.  They are Scan Mode and 

Active length (mm). 
42. Select Scanning mode by using the scroll bar. 
43. Type in 2.10 for the Active length. 
44. Click on the scroll bar but do not change the Scan mode.  The Active length 

will change to 2.12. 
45. Click on the Anti-scatter line. 
46. Select None by using the scroll bar on the bottom of the window. 
47. Click on the Collimator line. 
48. Select None by using the scroll bar on the bottom of the window. 
49. Click on the Mask line. 
50. Select None by using the scroll bar on the bottom of the window. 
51. Click on the Monochromator line. 
52. Select None by using the scroll bar on the bottom of the window. 
53. Click on the Receiving slit line. 
54. Select None by using the scroll bar on the bottom of the window. 
55. After everything is inputted into this file, click the OK button. 
56. Make sure the Step size, Time per step, and Scan speed is correct. 
57. Click on the “X” in upper right hand corner.  An X’Pert Data Collector window 

will appear and the following question will be contained in the window: “Do 
you want to save the changes?” 

58. Click the Yes button.  A Save Program As window will appear. 
59. Type a Name into the Name box.   
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60. Click on the box adjacent to Available to all users. 
61. Click the OK button. 
62. Click on File/New Program from the main toolbar.  A New Program window 

will appear. 
63. Select either the Anton Paar XRK-900 or the Anton Paar HTK-1200 

configuration by using the scroll bar adjacent to the configuration box. 
64. Click on the OK button.  The Prepare Non-ambient Program window will 

appear. 
65. The program will contain three lines, Start, reset, and finish.   
66. There will be a black arrow to the right of the start line. 
67. Click on the gray box in front of the Reset box.  This will move the black arrow 

down and the Insert Program will not be grayed out. 
68. Click on the Insert to the left of the Measurement button.  A Non-ambient 

Program step window will appear. 
69. Click on the Browse button.  A Open Program window will appear. 
70. Select the Absolute scan option by using the scroll bar adjacent to the List 

Programs of type box.  All the available scans will appear. 
71. Select the absolute scan program which was made at the beginning of this 

attachment. 
72. Click the OK button on the Open Program window. 
73. Click the OK button on the Non-ambient Program Step window. 
74. Click on the Insert button to the left of Non-ambient setting button.  A Non-

ambient Setting window will appear. 
75. Change the temperature and the slope by highlighting the information in the 

boxes and typing in the new temperature and slope values.  See the Task 
Supervisor for more information. 

76. Click the OK button. 
77. Click on the Insert button to the left of the Timer setting.  A Timer setting 

window will appear. 
78. Type in a hold time.  See the Task Supervisor for more details. 
79. Click the OK button. 
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80. Repeat steps 67 through 78 to add more lines to the program.  See Task 
Supervisor for more information. 

81. Click on the Profile button at the bottom of the window.  This will show a plot 
of the program. 

82. Click on the “X” in the upper right hand corner to close this plot. 
83. Click on the Check button at the bottom of the window.  This will let you know 

if anything needs to be replaced. 
84. Click the OK button. 
85. Click on the “X” in upper right hand corner.  A X’Pert Data Collector window 

will appear and the following question will be contained in the window: “Do 
you want to save the changes?” 

86. Click the Yes button.  A Save Program As window will appear. 
87. Type a Name into the Name box.   
88. Click on the box adjacent to Available to all users. 
89. Click the OK button. 
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SCANS: QUARTZ (Main Reflection and the Five Fingers Region) 
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Gamma Sample Preparation and Analysis (γ-PHA) (U) 
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1.0 Purpose 
 

This procedure covers the application of high-purity, high resolution 
germanium detectors to the detection, identification and quantification of 
gamma rays from a variety of low to moderate density sample matrices. 

 
2.0 Scope 
 

This procedure applies to gamma Pulse Height Analysis of a variety of 
sample types. 

 
 Although gamma Pulse Height Analysis (PHA) is relatively simple, specific 

and rapid, there are limitations that must be taken into account. Detectors 
must be carefully energy calibrated with known standards. Detection 
efficiencies for gamma-rays vary with energy and must be obtained during 
the calibration process. The counting geometry (position of counting package 
relative to the detector) is established during calibration and must be 
carefully duplicated for accurate work. The relative amount of activity in the 
counting vial must be within an optimum range for accurate work. The 
Multichannel Analyzer (MCA) displays a "dead time" percent on the screen 
as the sample counts. During this "dead time" the MCA does not accept 
additional events. If the "dead time" is >10%, the sample should be diluted 
for accurate counting. Also, the relative abundance of the various gamma 
nuclides in the samples has an effect on the quality of the data. Higher 
energy gammas can interfere with, or even mask low energy gammas.  Non-
calibrated geometries can be analyzed, but only if a standard is used and only 
with the approval of the Analytical Task Supervisor. 
 

3.0 Precautions/Limitations 
 
FOLLOW THE SRTC RADIOLOGICAL WORK PRACTICES 
REQUIREMENTS 
 
FOLLOW THE ADS RADIATION SAFETY GUIDELINES 
 
FOLLOW THE ADS LABORATORY SAFETY GUIDELINES 
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Remember:  
 

1. Use a fume hood when necessary. 
2. Add acid to water. 
3. Wear plastic gloves when handling chemicals. 
4. Avoid contact with skin and breathing of vapors. 
5. Voice contact or supervision present for off shift work 
6. Supervision present for high activity work. 
7. Do not exceed: 
 • hood and radiobench activity limits 

 • self-monitoring limits 

 • unsupervised off-shift limits. 
 

4.0 Prerequisite Actions 
 
Laboratory personnel performing this analysis must have: 
 
• Completed on-the-job training in this method under the supervision of 

the Analytical Task Supervisor. 
 
• Be qualified in this method by the Analytical Task Supervisor or the 

group supervisor, after processing samples supplied by the Analytical 
Task Supervisor. 

 
5.0 Performance 
 

5.1 Description 
 

Liquid and low-density solid samples in a variety of container types 
can be analyzed by gamma-PHA.  The primary limitations are that a 
suitable efficiency standard be available for each sample type and that 
the efficiency standard and the sample be counted in the same 
geometry. 

  
5.2 Equipment 
 

High Purity germanium detectors, and associated gamma spectroscopy 
electronics 
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Canberra Genie 2K gamma spectroscopy software 
Changer Labs sample changer 
Calibrated pipets 
 
Calibrated analytical balances 

5.3 Reagents 
  

Purity of reagents - Unless otherwise stated, ACS reagent grade 
chemicals shall be used.  
Purity of water - Unless otherwise indicated, reference to water shall 
be understood to mean the distilled water, which is provided in the 
building (773-A) distilled water system. 

 
5.4 Calibration Frequency 
 
 Energy calibrations are made as specified by the Analytical Task 

Supervisor, but are evaluated daily by the daily check standard.  
Efficiency calibrations are made as needed, but are at least evaluated 
annually.  Other standards may be run, as called for in specific 
procedures or at the direction of the Analytical Task Supervisor, for 
special samples or geometries.  Such standards measurements will 
cross-reference the sample for which they are run.    

 
 A three peak daily check source is counted each day that samples are 

run.  Gamma energies for the check standard should be within ± 0.5 
keV and are required to be within +1.0 keV of the true peak energy. 
The radionuclide activities are required to be within 2σ of the true 
value.  Recalibration for energy or efficiency is required if either the 
energy calibration or the efficiency calibration is outside of these 
acceptance criteria. 

 
5.5 Calibration and Standardization 

 
 This section defines the minimum calibration and service checks for all 

germanium detectors used for gamma PHA service analyses in ADS. 
 

5.5.1 Energy Calibration: 
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Energy calibration is performed by counting known standards 
containing several gamma ray peaks with well established 
energies.  In general, or as required by the customer, the 
calibration peaks will span the entire energy range to be 
reported.  Because of the presence of several common high-
energy background gamma rays, however, this may be optional 
for some samples, as determined by the customer and the 
Analytical Task Supervisor. 

 
In some cases (as determined by the Analytical Task 
Supervisor), it may be desirable to determine the energy 
calibration from the sample itself.  This is often possible in 
environmental samples that exhibit a few well-known natural 
background peaks at high energies(e.g. 2614.4 keV of Tl-208).  
In all cases where this option is done, it shall be recorded in the 
detector logbook, along with the sample number, date, time and 
analyst. 

 
The energy calibration tolerance is 1.0 keV; that is, the assigned 
peak energy in the spectrum must be 1.0 keV or less from the 
actual peak energy.  No corrections for counting geometry are 
required. 

 
5.5.2 Efficiency Calibration: 

 
Known standards of various gamma-emitting radioisotopes are 
run through the data acquisition procedure to determine 
detection efficiencies over the energy range of interest.  No 
corrections for counting geometry are required as long as the 
same geometry is used for both standards and unknown 
samples.  Deadtime corrections are made from the MCA; 
summing corrections (only needed at very high count rates or for 
radionuclides with cascade gamma rays) are done at the 
direction of the Analytical Task Supervisor. 

 
 A full efficiency calibration, using NIST-traceable standards, 

shall be performed as determined by the Analytical Task 
Supervisor.  Radionuclide activities determined during the 
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efficiency calibration must be within +2σ of the expected 
radionuclide activities for the standard. 

 
5.5.3 Daily Check Standard and Control Charts 

 
A (minimum) 3-peak check standard shall be counted on each 
detector on each day that the detector is to be used to count 
samples.  The measured peak energies in the check standard 
should be within +0.5 keV and must be within ± 1.0 keV.  The 
measured radionuclide activities shall be within 2σ of the 
expected values for the sample.  If either requirement is not 
met, the detector shall be calibrated as indicated by the check 
standard results. 

 
The full-width at half maximum (FWHM) width of the largest 
peak in the check standard shall be monitored at each check 
standard court.  The FWHM shall be within 0.3 keV of the 
average value for that peak.  

 
The following items shall be reviewed daily, and the QC reports 
containing this data shall be filed for future reference, if 
necessary.  Items a) and b) shall be control charted.  The control 
charts are reviewed monthly. 

 
a). the measured peak energies of three peaks in the check 

standard. 
 
b). the measured activities of  three radionuclides in the 

check standard. 
 
c). the FWHM of the largest peak. 
 

5.5.4. Background Check 
 

A background spectrum will be collected for each detector as 
determined by the Analytical Task Supervisor, but at least 
monthly. 
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The spectrum should be accumulated over a period of time 
sufficient to properly determine a true background spectrum for 
the energy region normally used for sample analyses.  
Preferably the spectrum will be acquired for 200,000 seconds or 
at a minimum of 50,000 seconds, unless otherwise directed by 
the Analytical Task Supervisor. 

 
5.6 Analysis 

 
5.6.1. Liquid Samples 
 

a. Prepare sample in geometry and dilution as directed by 
Analytical Task Supervisor. 

 
b. Record prep information. 
 
c. Have samples cleared to be transported to final counting 

facility. 
 
d. Count sample on detector as directed by Analytical Task 

Supervisor.  Ensure detector has had QA successfully 
completed prior to counting the sample. 

 
e. Record sample ID, date, time, detector, geometry, and initials 

in log book. 
 
f. After data has been reviewed by Analytical Task Supervisor, 

remove results from LIMS as directed by Analytical Task 
Supervisor. 

 
g. After analysis, check data and enter into the ADS Laboratory 

Information Management System as directed by the 
Analytical Task Supervisor. 

 
5.6.2. Solid Samples  

 
a. Prepare sample in geometry as directed by Analytical Task 

Supervisor. 
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b. Record prep information. 
 
c. Have samples cleared to be transported to final counting 

facility. 
 
d. Count sample on detector as directed by Analytical Task 

Supervisor.  Ensure detector has had QA successfully 
completed prior to counting the sample. 

 
e. Record sample ID, date, time, detector, geometry, and initials 

in log book. 
 
g. After data has been reviewed by Analytical Task Supervisor, 

remove results from LIMS, as directed by Analytical Task 
Supervisor. 

 
 

6.0 Records 
 
All lab notebooks, raw data, and electronic data will be kept indefinitely. 
 

7.0 REFERENCES 
 
1. Nuclear and Radiochemistry, G. Friedlander, J.W. Kennedy, E.S. 

Macias, J.M. Miller, 3rd Ed., pp. 243-286. 
 
2. ANSI N42.14-1991.  American National Standard Calibration and Use 

of Germanium Spectrometers for Measurement of Gamma-Ray 
Emission Rates of Radionuclides. 

 
3. Genie-PC Basic Operation, Canberra Industries, Inc. 1994. 
 
4. Genie-PC Advanced Topics, Canberra Industries, Inc. 1994. 
 
5. Changer Labs Operations and Set-up manual, Westinghouse 

Savannah River Technical Center, Changer Labs 1996. 
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8.0 Attachments 
 

None 
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APPENDIX M  

 LABORATORY TESTING - GEOTECHNICAL 
 
 
Laboratory testing was performed on disturbed soil samples obtained during the subsurface investigation.  
All testing was performed in accordance with ASTM standards or other standards where applicable.  
Selection of the samples to be tested and the tests to be performed on the samples were done by Bechtel.  
Bechtel provided Kd Analysis Laboratory Test Assignment Sheet.  
 
Testing of soil samples, except for chemical tests, was done in MACTEC’s laboratory in Charlotte, North 
Carolina. 
 
Chemical testing for Cation Exchange Capacity (CEC) of selected soil samples as assigned by Bechtel 
was done by Severn Trent Laboratories, Inc. (STL), a subcontractor to MACTEC. 
 
The distribution coefficient, Kd, was determined by the Savannah River National Laboratory, located at 
the Savannah River Site of the DOE in Aiken, South Carolina and operated by the Washington Savannah 
River Company.  The Washington Savannah River Company LLC, under a Work for Others Agreement 
with MACTEC, performed the Kd tests.  The Kd tests are presented within this Attachment H.  
 
 
1.1 IDENTIFICATION TESTS 
 

• Sieve and hydrometer analysis, ASTM D 422-63 (2002) 
• Chemical analysis, (pH) ASTM D 4972-01 

 
 
1.2  REPORTING 
 
Except for the Kd tests, the laboratory test reports on the soil samples, consisting of individual test data 
and results sheets as required by the testing standard, are contained in this Appendix M of Attachment H.  
A summary of the test results on soil samples in Appendix M is found in Table M-1 of this Appendix.  
 
 
1.3  QUALITY ASSURANCE 
 
Quality related activities performed by MACTEC and its subcontractors organizations during the work 
herein presented were in accordance with the MACTEC Quality Assurance Manual and the MACTEC 
Quality Assurance Project Document.  The MACTEC QA program complies with NQA-1 Subpart 2.2 
and to the requirements of 10CFR50 Appendix B. 
 
 
1.4 DESCRIPTIONS 
 
A brief description of the tests performed and reported in this Attachment H Appendix M is as follows: 
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Particle Size Analysis ASTM D 422-63 (2002)  
 
Sieve Analysis – The dried soil sample is separated into a series of fractions using a standard set of nested 
sieves.  The sieving operation is conducted by means of a lateral and vertical motion of the nest of sieves, 
accompanied by jarring action to keep the sample moving continuously over the surface of the sieves. The 
weights retained on each of the set of nested sieves are used to calculate the percent of the sample passing 
each sieve size.  
 
Hydrometer Analysis – The portion of the soil sample passing the No. 10 (2.0 mm) sieve is soaked in 
water and dispersed using a dispersing agent. The solution is placed in a cylinder and stirred, and the 
density of the solution is monitored over time with a hydrometer to observe the settling out of suspended 
soil particles.  Diameters corresponding to the readings of the hydrometer are then calculated using 
Stoke’s law. 
 
Section 5.1.1 of ASTM D 422-63 (2002) gives minimum sample mass requirements (the minimum 
depends on the maximum particle size present) for each test.  In cases where there was not enough sample 
to meet the appropriate recommended mass, the test was completed using the available sample and it was 
noted in the Remarks section of the Particle Size Distribution Report. 
 
 
Chemical Analysis (pH) ASTM D 4972-01 
Chemical analyses consisted of soil pH testing.  Soil pH is measured using a pH meter with results 
reported to 0.1 pH units.  The pH test is performed in a solution of calcium chloride and also in a solution 
of distilled water. 
 

Chemical Analysis (CEC) SW846 9081 

Chemical Analysis for Cation Exchange Capacity (CEC) was performed by Severn Trent Laboratories, 
Inc. (STL) in Earth City, Missouri.  Results of the CEC testing are included in the Analytical Report (Lot 
# F6L220224) by STL included in this Appendix and summarized in Table M-1.  
 
  
1.5 ATTACHMENTS 
 

Table M-1 Summary of Test Results – 1 page 
Particle Size Distribution Reports – 15 pages 
Analytical Report (Lot # F6L220224) by STL – 14 pages 
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Table M-1

Summary of Test Results
SCE&G COL Projec

MACTEC Engineering and Consulting, Inc.
Project No. 62346-3534

Sample 0.005 mm pH in pH in Percent
Source of Sample Depth Type Gravel (1) Sand (1) Fines (1) Silt(1) Clay 

(1) USCS (2) Water (3) Calcium CEC Moisture
Samole No. (ft) (%) (%) (%) ('Y) (%) Chloride (3) (mea/1000\ (%\

B-212IB-212A 14 (13) 48;5 SPT 10 40 49 40 9 SM 6.0 6.0 22.3 .28.8
B-212 / B-212A 18 58.5 SPT 69 15 16 12 4 GM 6.4 6.3 22.3 28.3

8-620 12 (11) 38.5 SPT 0 57 43 34 9 SM 6.2 6.2 27.2 16.4
8-627 9 (10 23.5 SPT 0 53 47 38 9 SM 5.9 5.8 40.2 223
8-627 14 (15) 47.0 SPT 3 67 30 24 6 SM 6.9 6.3 29.4 13.4

(1) Due to computer roundoff, partcle size fractions may total 1 00 :I 1. Fines include silt plus clay.
(2) uses Symbol is based on visual-manual method.

(3) pH reported based on ASTM D 4972-01 Method A.
Prep By I Date: ,ltLA- .¡ /2. "'/ '2iO r-

Check By I Date: ~. ~~J~1
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Particle Size Distribution Report
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GRAIN SIZE DISTRIBUTION TEST DATA

Client: Bechtel Power Corporation
Project: SCE&G COL
Project Numer: 6234-06-3534

Sample Data
Source: B-212/B-212A
Sample No.: 14 (13)
Elev. or Depth: 48.5'
Location: B-212/B-212A
Description:
Date: 12-21-06
Liquid Limi t :
Tes ting Remarks:

Sample Length (in. / em. ) :

Natural Moisture:
Plastic Limit: USCS

Tested by: JA Reviewed by: MH
AS TM D 422 - 63 ( 2 002 )

Class. :

Mechanical Analysis Data

Ini tial
Dry sample and tare= 150 . 68Tare = 0 . 00
Dry sample weight = 150.68
Sample split on numer 10 sieve
Spli t sample data:

Sample and tare = 52.05 Tare = . 00 Sample weight = 52.05
Cumulative weight retained tare= .00

Tare for cumulative weight retained= .00
Sieve Cumul. Wt. Percen tretained finer.375 inch 0.00 100# 4 15.15 90# 10 19.08 87# 20 1.08 86# 40 3.82 81# 60 6.71 76# 100 11.82 68# 140 16.85 59# 200 22.50 50

Hydrometer Analysis Data

Separation sieve is #10
Percent -#10 based upon complete sample= 87
Weigh t of hydrometer sample: 53. 36
Hygroscopic moisture correction:

Moist weight & tare = 51. 01
Dry weight & tare = 50.04Tare = 11.50
Hygroscopic moisture= 3 %

Calculated biased weight= 59.62
Table of composite correction values:

Temp i deg C: 14 . 0 24 . 0 4 0 . 2
Comp. corr: - 5 . 0 - 3 . a a . 0

Meniscus correction only= 1
Specific gravity of solids= 2.65

---~~~-~--- MACTEC i INC.
6 of 33 DCN SC412 Rev 4



Specific gravity correction factor= 1.000
Hydrometer type: 152H

Effecti ve depth L= 16.294964 - o . 164 x Rm

E1apsed Temp, Actua1 Corrected K Rm Eff. Diameter Percent
time, min deg C reading readi.ng depth mm finer

2.00 23.6 23.0 19.9 0.0131 24.0 12.4 0.0325 33
5.00 23.6 17.0 13.9 0.0131 18.0 13.3 0.0213 23

1S.00 23.6 14.0 10.9 0.0131 1S.0 13.8 0.0125 18
30.00 23.6 12.0 8.9 0.0131 13.0 14.2 0.0090 15
60.00 23.6 10. a 6.9 0.0131 11. a 14.5 0.0064 12

250.00 23.6 7.0 3.9 0.0131 8.0 15.0 0.0032 6.6
1440.00 23.6 5.0 1. 9 0.0131 6.0 15.3 0.0013 3.2

Fractiona1 Components

Grave1/Sand based on #4
Sand/Fi.nes based on #200
% COBBLES = % GRAVEL =
% SAN = 40 (% coarse = 3
% SILT = 40 % CLAY = 9

10 (% coarse = % fine = 10)
% medium = 6 % fine = 31)

DSS= 0.77
D30= O. 03
Cc= 1.3704

D60= 0.11 DSO= 0.08
D1S= 0.01 D10= 0.01

Cu= 20.6061

MACTEC, INC.
7 of 33 DCN SC412 Rev 4
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MATERIAL DESCRIPTION

HYDROMETER

iii i 11
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I
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0.001

CLAY
4

NM% I LL I PL

MACTEC, INC.

Charlotte, North Carolina

a Tested by: JA Reviewed by: MH M l.-l.".O~
ASTM D422-63 (2002)
Sample mass was less than minimum required by ASTM.
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GRAIN SIZE DISTRIBUTION TEST DATA

Client: Bechtel Power Corporation
Project: SCE&G COL
Project Numer: 6234-06-3534

Sample Data
Source: B-212/B-212A
Sample No.: 18
Elev. or Depth: 58.5'
Location: B-212/B-212A
Description:
Da te : 1 - 1 2 - 0 7
Liquid Limit:
Testing Remarks:

Sample Length (in. / em. ) :

Natural Moisture:
Plastic Limit: USCS Class.:

Tested by: JA Reviewed by: MH
ASTM D422-63 (2002)
Sample mass was less than minimum required by ASTM.

Mechanical Analysis Data

Ini tial
Dry sample and tare= 580.19Tare = 0.00
Dry sample weight = 580.19
Sample split on numer 10 sieve
Spli t sample data:

Sample and tare = 52.36 Tare = .00 Sample weight = 52.36
Cumula ti ve weight retained tare= . 00

Tare for cumulative weight retained= .00
Sieve Cumul. wt. Percentretained finer
1.5 inch 0.00 1001 inch 115.46 80.75 inch 270.13 53.375 inch 365.00 37# 4 399.81 31# 10 426.86 26# 20 5.35 24# 40 9.83 21# 60 12.52 20# 100 15.66 19# 140 17.96 17# 200 20.78 16

Hydrometer Analysis Data

Separation sieve is #10
Percent -#10 based upon complete sample= 26
Weight of hydrometer sample: 53.48
Hygroscopic mois ture correction:
Moist weight & tare = 44.69
Dry weight & tare = 43.98Tare = 10. 83
Hygroscopic mois ture= 2 %

Calculated biased weight= 198.33
Table of composite correction values:

Temp, deg C: 14 . 0 24 . 0 40 . 2

MACTEC, INC.
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Compo corr: -5.0 -3.0 0.0

Meniscus correction only= 1
Specific gravity of solids= 2.65
Specific gravity correction factor= 1. 000
Hydrometer type: 152H

Effective depth L= 16.294964 - 0.164 x Rm

Elapsed Temp, Actual Corrected K Rm Eff. Diameter Percent
time, min deg C reading reading depth im finer

1. 00 23.5 30.0 26.9 0.0131 31. 0 11. 2 0.0438 14
2.00 23.5 27.0 23.9 0.0131 28.0 11. 7 0.0316 12
5.00 23.5 24.0 20.9 0.0131 25.0 12.2 0.0204 11

15.00 23.5 19.0 15.9 0.0131 20.0 13.0 0.0122 8.0
30.00 23.5 16.0 12.9 0.0131 17.0 13.5 0.0088 6.5
60.00 23.5 13.0 9.9 0.0131 14.0 14.0 0.0063 5.0

250.00 23.5 10.0 6.9 0.0131 11. 0 14.5 0.0031 3.5
1440.00 23.5 7.0 3.9 0.0131 8.0 15.0 0.0013 2.0

Fractional Components

Gravel/Sand based on #4
Sand/Fines based on # 2 0 0
% COBBLES = % GRAVEL =
% SAN = 15 (% coarse = 5
% SILT = 12 % CLAY = 4

69 (% coarse = 47 % fine = 22)
% medium = 5 % fine = 6)

D8S= 27.13 D60= 20.54 DSO= 18.19
D30= 4.19 D1S= O. 06 D10= 0.02
Cc= 46.8703 Cu= 1127.148

MACTEC, INC.
1 0 of 33 DCN SC412 Rev 4



Particle Size Distribution Report
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER
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GRAIN SIZE DISTRIBUTION TEST DATA

Client: Bechtel Power Corporation
Project: SCE&G COL
Project Numer: 6234-06-3534

Sample Data
Source: B-620
Sample No.: 12 ( 11 )
Elev. or Depth: 38.5'
Location: B-620
Description:
Date: 12-21-06
Liquid Limi t :
Testing Remarks:

Sample Length (in. / em. ) :

Natural Moisture:
Plastic L~it: USCS

Tested by: JA Reviewed by: MH
ASTM 0422-63 (2002)

Class. :

Mechanical Analysis Data

Ini tial
Dry sample and tare= 138 . 05Tare = a . a a
Dry sample weight = 138. 05
Sample spli t on numer 10 sieve
Split sample data:
Sample and tare = 52.74 Tare = .00 Sample weight = 52.74
Cumulative weight retained tare= . 00

Tare for cumulative weight retained= . 00
Sieve Cumul. Wt. Percentretained finer
.375 inch 0.00 ioa# 4 0.37 ioa# 10 11.09 92# 20 6.93 80# 40 14.19 67# 60 17.95 61# 100 22.00 54# 140 25.08 48# 200 28.31 43

Hydrometer Analysis Data

Separation sieve is #10
Percent -#10 based upon complete sample= 92
Weight of hydrometer sample: 54. 48
Hygroscopic moisture correction:
Moist weight & tare = 44.75
Dry weight & tare = 43.67Tare = 10. 89
Hygroscopic moisture= 3 %

Calculated biased weight= 57.33
Table of composite correction values:

Temp, deg C: 1 4 . 0 24 . a 4 0 . 2
Comp. corr: - 5 . a - 3 . 0 0 . 0

Meniscus correction only= 1
Specific gravity of solids= 2. 65

MACTEC, INC.
12 of 33 DCN SC412 Rev 4



Specific gravity correction factor= 1.000
Hydrometer type: 152H

Effective depth L= 16.294964 - 0.164 x Rm

Elapsed Temp, Actual Corrected K Rm Eff. Diameter Percent
time, min deg C reading reading depth ro finer

1. 00 23.6 22.0 18.9 0.0131 23.0 12.5 0.0462 33
2.00 23.6 19.0 15.9 0.0131 20.0 13.0 0.0333 28
5.00 23.6 15.0 11. 9 0.0131 16.0 13.7 0.0216 21

15.00 23.6 12.0 8.9 0.0131 13.0 14.2 0.0127 16
30.00 23.6 10.0 6.9 0.0131 11. 0 14.5 0.0091 12
60.00 23.6 9.0 5.9 0.0131 10.0 14.7 0.0065 10

250.00 23.6 6.0 2.9 0.0131 7.0 15.1 0.0032 5.1
1440.00 23.6 5.0 1. 9 0.0131 6.0 15.3 0.0013 3.3

Fractional Components

Gravel/Sand based on #4
Sand/Fines based on # 200
% COBBLES = % GRAVEL = 0 (% coarse =
% SAN = 57 (% coarse = 8 % medium = 25
% SILT = 34 % CLAY = 9

% fine = 0)
% fine = 25)

D8s= 1. 16
D30= 0.04
Cc= 1. 0 1 7 9

D60= 0.24 DsO= 0.12
D1s= 0.01 D10= 0.01

Cu= 38.5723

_. MACTEC, INC.
13 of 33 DCN SC412 Rev 4
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GRAIN SIZE DISTRIBUTION TEST DATA

Client: Bechtel Power Corporation
Project: SCE&G COL
Project Numer: 6234-06-3534

Sample Data
Source: 8-627
Sample No.: 9 ( 10 )
Elev. or Depth: 23.5 i
Location: 8-627
Description:
Date: 12-21-06
Liquid Limit:
Testing Remarks:

Sample Length (in. lem.) :

Natural Moisture:
Plastic Limit: USCS

Tested by: JA Reviewed by: MH
ASTM 0422-63 (2002)

Class. :

Mechanical Analysis Data

Ini tial
Dry samle and tare= 119 . 26Tare = 0 . 00
Dry sample weight = 119. 26
Sample split on numer 10 sieve
Split sample data:

Sample and tare = 50.71 Tare = .00 Sample weight = 50.71
Cumulative weight retained tare= .00

Tare for cumulative weight retained= .00
Sieve Cumul. wt. Percentretained finer# 4 0.00 100# 10 1.37 99# 20 1.67 96# 40 6.43 86# 60 12.35 75# 100 18.69 62# 140 22.59 55# 200 26.38 48

Hydrometer Analysis Data

Separation sieve is #10
Percent -#10 based upon complete sample= 99
Weight of hydrometer sample: 52.74
Hygroscopic moisture correction:
Moist weight & tare = 41.25
Dry weight & tare = 40.07Tare = 10. 65
Hygroscopic moisture= 4 %

Calcula ted biased weigh t= 51. 27
Table of composite correction values:

Temp, deg C: 14 . 0 2 4 . 0 4 0 . 2
Comp. corr: - 5 . 0 - 3 . 0 0 . 0

Meniscus correction only= 1
Specific gravity of solids= 2.65
Specific gravity correction factor= 1.000

- MACTEC, INC.
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Hydrometer type: 152H
Effective depth L= 16.294964 - 0.164 x Rm

Elapsed Temp, Actual Corrected K Rm Eff. Oiameter Percen t
time i min deg C reading reading depth mm finer

0.50 23.6 26.0 22.9 0.0131 27.0 11. 9 0.0636 45
1. 00 23.6 23.0 19.9 0.0131 24.0 12.4 0.0459 39
2.00 23.6 19.0 15.9 0.0131 20.0 13.0 0.0333 31
5.00 23.6 17.0 13.9 0.0131 18.0 13.3 0.0213 27

15.00 23.6 13.0 9.9 0.0131 14.0 14.0 0.0126 19
30.00 23.6 11. 5 8.4 0.0131 12.5 14.2 0.0090 16
60.00 23.6 9.0 5.9 0.0131 10.0 14.7 0.0065 12

250.00 23.6 7.0 3.9 0.0131 8.0 15.0 0.0032 7.6
1440.00 23.6 5.0 1. 9 0.0131 6.0 15.3 0.0013 3.7

Fractional Components

Gravel/Sand based on #4
Sand/Fines based on #200
% COBBLES = % GRAVEL =
% SAN = 53 (% coarse = 1 % medium = 13
% SILT = 38 % CLAY = 9

% fine = 39)

085= 0.40
030= 0.03
Cc= 1. 2 60 6

060= 0.13 050= 0.09
015= O. 01 010= O. 01

Cu= 23.8945

MACTEC, INC.
16 of 33 DCN SC412 Rev 4
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GRAIN SIZE DISTRIBUTION TEST DATA

Client: Bechtel Power Corporation
Project: SCE&G COL
Project Numer: 6234-06-3534

Sample Data

Source: B-627
Sample No.: 14 ( 15 )
Elev. or Depth: 47'
Location: B-627

. Description:
Date: 12 - 2 6 - 0 6
Liquid Lind t :
Testing Remarks:

Sample Length (in. lem.) :

Natural Moisture:
Plastic Limit: USCS

Tested by: JA Reviewed by: MH
ASTM 0422-63 (2002)

Class. :

Mechanical Analysis Data

Ini tial
Dry sample and tare= 130 . 05Tare = 0.00
Dry sample weight = 130.05
Sample spli t on numer 10 sieve
Spli t sample data:

Sample and tare = 55.04 Tare = .00 Sample weight = 55.04
Cumulative weight retained tare= .00

Tare for cumulative weight retained= .00
Sieve Cumul. Wt. Percentretained finer.375 inch 0.00 100# 4 3.61 97# 10 25.43 80# 20 6.17 71# 40 11.90 63# 60 17.90 54# 100 25.35 43# 140 30.04 37# 200 34.44 30

Hydrometer Analysis Data

Separation sieve is #10
Percent -#10 based upon complete sample= 80
Weigh t of hydrometer sample: 56. 47
Hygroscopic moisture correction:
Moist weight & tare = 61.70
Dry weight & tare = 60.41Tare = 10. 74
Hygroscopic moisture= 3 %

Calculated biased weight= 68.46
Table of composite correction values:

Temp, deg C: 14 . 0 2 4 . 0 4 0 . 2
Comp. corr: - 5 . 0 - 3 . 0 0 . 0

Meniscus correction only= 1
Specific gravity of solids= 2. 65

MACTEC, INC.
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Specific gravity correction factor= 1.000
Hydrometer type: 1528

Effective depth L= 16.294964 - O. 164 x Rm

Elapsed Temp, Actual Corrected K Rm Eff. Diameter Percen t
time, min deq C readinq readinq depth mm finer

0.50 23.6 21. 0 17.9 0.0131 22.0 12.7 0.0658 26
1. 00 23.6 17.5 14.4 0.0131 18.5 13.3 0.0476 21
2.00 23.6 14.0 10.9 0.0131 15.0 13.8 0.0343 16
5.00 23.6 11. 0 7.9 0.0131 12.0 14.3 0.0221 12

15.00 23.6 10.0 6.9 0.0131 11. 0 14.5 0.0128 10
30.00 23.6 8.0 4.9 0.0131 9.0 14.8 0.0092 7.2
60.00 23.6 8.0 4.9 0.0131 9.0 14.8 0.0065 7.2

250.00 23.6 6.0 2.9 0.0131 7.0 15.1 0.0032 4.3
1440.00 23.6 5.0 1. 9 0.0131 6.0 15.3 0.0013 2.8

Fractional Components

Gravell Sand based on # 4
Sand/Fines based on # 200
% COBBLES = % GRAVEL = 3 (% coarse = % fine = 3)
% SAN = 67 (% coarse = 17 % medium = 17 % fine = 33)
% SILT = 24 % CLAY = 6

D8S= 2.64
D30= 0.07
Cc= 1. 2 695

D60= 0.35 DSO= 0.20
D1S= 0.03 D10= 0.01

Cu= 27.4203

~~- MACTEC, INC.
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STL ST. LOUIS

Case Narrative
LOT NUMBER: F6L220224

This report contains the analytical results for the five samples received under chain of custody by STL
St. Louis on December 22, 2006. These samples are associated with your VC Summer project.

The analytical results included in this report meet all applicable quality control procedure
requirements.

The test results in this report meet all NELAP requirements for parameters in which accreditations are
held by STL Sl. Louis. Any exceptions to NELAP requirements are noted in the case narrative. The
case narrative Is an integral part of this report.

All chemical analysis results are based upon sample as received, wet weight, unless noted otherwise.
All radiochemistr results are based upon sample as dried and ground with the exception of tritium,
unless requested wet weight by the client.

Observations/Nonconformances

Reference the chain of custody and condition upon receipt report for any variations on receipt conditions
and temperature of samples on receipt.

There were no nonconformances or observations noted with any analysis on this lot.

LOT# F6L220224 2 of 14
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STL ST. LOUIS

MEmoDS SUY
F6L20224

PARATER
ANYTICA
_METHOD

PREPARTIÖN
_ME'lHOD

Cation-Exchange Capacity
Percent Moisture

SWS46 90S1 SW846 9081
MCAWW 160.3 MOD MCAWW 160.3 MOD

Refe:rs:
MCAWW "Methods for Chemical Analysis of Water and Wastes".

EPA-600/4-79-020, March 1983 and subsequent revisions.

SW846 "Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods", Third Edition, November 1986 and its updates.

~" .

_LOT~ F6L220224 3 of 14,
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STL ST, LOUIS

SAM SUY
P6L2202201

wo # SAMPLE#eii~ëaAMPIi!tttnj .

JL201 001 B-212/B/212A, SAMPLE 14 ( 13 )
JL21C 002 B-212/B/212A, SAMPLE IB
JL21E 003 B- 620, SAMPLE 12 (11)
JL21J 004 B- 627 ,SAMPLE 9 (10)
JL21K 005 B-627,SAMPLE 14(15)

.BIJ!mU$:l:
_ ThD ~ reiill OfllD Ample, Iisl abov~;;p~eseiid on1h róîio.. p.DS.
_ Al Clultions ax perfoim before roui 10 avoid ro.oa ern ii calulled icsu.

. RtmI note as "ND. were no c1tele at or ab !h II lit

-Ths reort iist ii be ieroclce, excep lD run, wiut th wrn IJIOVal ofllD lIboraiy.
. Rtsu for lbe foUow! puamr& ar DOver repd on a diy weit bas: colo. cosity. de, Oiilipoli Igrtal1h, Iaen. odr,

pt fir \est, pH, poro pie, _cliit). redox po spif grlVly, &p ie soDds, filulU, lemprabJre, vl!oi.ty. an wilg

LOT# F6L2202241

23 of 33

SAMPLED
. DATE

05/08/06
05/08/06
04/07/06
04/12/06
04/17/06

DCN SC412 Rev 4

SAMP
TIME

4 of 14



STL ST. LOUIS

tmCTC Enining an eosuting In

Client s.le m: B-212/B/21.,SA 14 (13)

Geal Chstry

Lot-Samle ....; F6L220224-001
Date Saled...: 05/08/06
% Moisture.....: 29

Work or I...: JL201
Date Recive..: 12/22/06

Matrix. . . . . . . . .: SOLID

PARTER
cation Ezcbage

Cacity
RESULT
22.3

RL
5.0

UNlrs
meq/100g

METHOD
S1846 9081

PREPARTION- PREP
ANYSIS DATE BATCH fi
12/28-01/03/01 6362222

Dilution Pactor, 10 Anlysis Time.., 00:00

Percet Moisture 28.8 0.10 , M~ 160.3 MOD 12/27-12/28/06 6361070
Analysis Time..: 00:00Dilution Factor: i

LOT# F6L220224 5 of 14
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STL ST. LOUIS

JmCr £niiin an Cosuting :Inc
Client Sale m: B-2 12!B!2 12. SM 18

Geal Cbsti:
Lot-Samle l...: F6L220224-002
Date Saled...: 05/08/06
, Moisture.....: 28

Work Orr I...: JL21C
Date Reive..: 12/22/06

Matrix. . . . . . . . .: SOLID

PARTER RESUi:T RL UNITS METHOD
PRBPARTION- PREP
PiALYSIS DATE BATCH 4/

cation Bxge
Cacity

22.3 5.0 me/100g SN846 90S1 12/28-01/03/07 6362222

Dilution Factor: 10 Analysis Time..: 00:00

Percent Moisture 28.3 0.10 , ~ 160.3 MOD 12/27-12/28/06 6361070
Analysis Time..: 00: 00Dilution Factor, i

'IJOT# F6L220224 6 of 141
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STL ST. LOUIS

MACT BDi.ii an Cosuting Inc
client Sale :I: B-62D.SA 12(11)

Geal Clstr

Lot-Sale t- _ _: F6L220224-003
Date ~ied...: 04/07/06
~ Moi9~.....: 16

Wok Orde I.. .: JL21E
Date Reive..: 12/22/06

Matrix. . . . . . . . _: SOLID

fARTER ,RESULT RL UNITS METHOD
PREPARTION- PREP
ANYSIS DATE BATCH li

Cation Exhage
capaci ty

27.2 5.0 meq/10Dg S1846 9081 12/28-01/03/07 6362222

Dilution Factor: 10 Analysis Time..: 00: 00

Percent Moisture 16.4 0.10 " ~ 160.3 MO 12/27-12/28/06 6361070
Analysis Time..: 00:00Dilution Factor: 1

,LOT# F6L220224
j

7 of 14
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STL ST. LOUIS

L.
!

Lot-Sale I...: F6L220224-004
Date 5a1ed...: 04/12/06
, MOisture. _ _ _ .: 22

lARTE:R . RESULT

MAC'C BDiiing an CoBUting Inc

ciient Saie m: B-62'7.SA 9(10)

Gea1 Chstx

Wok Or I...: JL21J
Date Reive..: 12/22/06

RL UNITS METHOD

Matrix. . . _ _ . . . _: SOLID

PREPARTION- PREP
ANALYSIS DATE: BATCH #

Cation Bxh..ngeCaity
Percent Moisture

12/28-0i/03/07 6362222

Dilution Factor: 10 Analysis Time..: 00,00

~ 160.3 MO 12/27-12/28/06 6361070

LOT# F6L220224 8 of 14

40.2 5.0 me/ioOg SW846 9081

22.3 0.10 ,
Dilution Factor: 1 Analysis Time..; 00: 00

27 of 33 DCN SC412 Rev 4
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STL ST. LOUIS

MCC BngiiiX'ug aD Col tiug Inc
ciiellt Sile m: B-627.SA 14(15)

Gera CbsUy
Lot-Sale ....: F6L220224-005
Date Saled...; 04/17/06
~ MOisture. _ _. .: 13

Work Orr I...; JL21K
Date Receive..; 12/22/06

Matrix. . . . . . . . .: SOLID

fAAATER RESUIT RL UNITS METHOD
PREPARTION- PREP
ANYSIS DATE BATCH #

Cation Exge
Cai ty

2'.4 5.0 me100g SWB46 '08i 12/28-01/03/07 6362222

Dilution Factor: 10 Analysis Time..: 00: 00

Perct Moistur 13.4 0.10 ~ ~ 160.3 MOD 12/27-12/28/06 6361070
Dilution Factor: 1 Analysis Time..: 00:00

~~OT# F6L220224 9 of 14
28 of 33 DCN SC412 Rev 4



STL ST. LOUIS

IE BL RERT
Geeral Oistxy

Cliént Lot 4.. .: F6L220224 Matrix. . . . . .. . .: SOLID

l?ARATBR
CatioriExchange

Capacity

"-, ';'- :~.-..-

REPORTING PREPARATION- PREP
RESULT LIMIT UNITSMB'rOD ANLYSISDATB BATCH #

Wörk Order #: JL7XMiA MB Lot-Samle #: F6L280000-222

ND 0.50 meq/l00g SW846 9061
Dilution Factor: 1

Analysis Time..: 00,00

12/28-01/03/07 6362222

.iltSl';L
Cacutlos Bil porQrm b.fQro ro 10 BVOId roun-orr B!toroiD co1ou1ld ielu.

LOT# F6L220224;,

29 of 33 DCN SC412 Rev 4
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-::~';~~ , - -"~'.,__.,";.':,"__--_-"""~'i.___"'",'C:__-'_.-.-.-.----

STL ST. LOUIS

C1ient Lot I...: F6L220224

Date sa1ed...;
, Moistu.. _ . . :
PARARESULT
Percent Moisture

21.5

12/20/06 09: 23
21

DUPLICATE
RESULT

22.4

SA DO:rCA BVtmT:IOJl REPOR.
Gera Cbstz

Work Order I. ..; JL3EV-SMP
JL3EV-DUI?

Date Received..: 12/22/06

"G_.~'~'.V; ~ÇÎi~l)i

UNITS
RPD PREPARTION- PREP

RED! LIMIT METHOD ANYSIS DATE BATCH #~
SO Lot-Sample #: F6L220280-00S

4,5 (0-30) MCAWW 160.3 MOD 12/27-12/28/06 6361070%

Dilution Factor: 1 Anlysis Time..: 00: 00

;LOT# F6L220224: 11 of 14
30 of 33 DCN SC412 Rev 4
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STL ST. LOU I S
..-~

Client Lot *...: F6L220224

Date Sa1ed...:
% Moisture. ....:

PAR.. RESUL'i'..'-, ,,- ,._,'"" -,..:_'-,"

Cation ~èhà.nge
Capaci ty

22.3

:.,;LOT# F6L220224

OS/08/06
29

DUPLICATE
RESULT

21.0

.~-',-~~~:':i""...o",,;=i' "',~ ~

SA DUICATB BVTIOB RERT

Ge Cbstry
wok Or I...: JL201-SMP

JL201-DUP
Date Receive..: 12/22/06

Matri. . . . . . .: SOLID

UNITS
R~Ð

RPO LIMIT
PREPARTION- PREP

METHOD AN'YSISDATE BATCH #
SO Lot-Samle #: F6L220224-001

meq/100g 6.1 (0-0.0) SW846 9081
Dilution Factor: 10 Analysis Time..: 00: 00

12/28-01/03/07 6362222

31 of 33 DeN SC412 Rev 4
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STL ST, LOUIS

1~ STL St.Louic...I...... :,-1.

,-
Lot4#s):"l'íLita iiv~:.;: . - - - .... '" ~~':-,

. 5579 -
-.5: ÒF:"J..:_::

",'.C'''...., ,y,~~,

1.-. C"'" -F'ti"'''' ." ""'-'x" 1- --,,'

'Clar
Quote No:

Çondltlon Upon Recept Fori"
. COCIANo::I!:l.'!J .. . .......L
IntiteBy: ~""..'.""" ""..¡" .....b.............. ........ .......::.::.."":,",,..,.

Shipping Inormation

Ì)~
'Tb:

..4.; ...' ,,-

ll1~iI4)/J¡t;....,.,,' .i:l":.

,ti:Pii$J N/A
~"
7.
S.
9.Š. 10.

."Samla II bii rooa'\ed li 4.C = :I.c- Ifnal ii iioii bilow. Tim¡ni
viiall deai NOT afoa tl ñillowiii: Mii-Uqd or Ra te- Liquid cr Solidi

Shipper Name: . (td E'l

$Jim~lr .,!, "'. ctl.":::..,. '..1.' , I U 6.2.. 7. :i"3. ß.4. 9; .5. , 10,
'"Numbii shipin lines cimond to Numberd S=p!e Tem lines

Åtth~cid sea rii;OlCOIQrL .....
Do cuody ses on coler apar to be ta
.wü?

-.. ' ~ '

. k,f.. ,,~-
. ", ~!: -.., - -- .~- "

',f iF'o' ~.:

"
,.','.

'--;"1' 't.,
L

.". ,- ~ -- _..'
.:,"," T"

~...'",

,"-".:-

'.. ~,: .--,-"." ..,~.-.:. l ..
"-.". .",--

.;,._.,.,',-' l_O "-.J;-

i''.."
".,-",.

-:!

Corrct Action:
o Cliim Contct Name: . .... .
o Sample(s) procssed "as jj17 ...o Samp1es) on hold un Jfie1eased, noti ,,~
ProJect Maent Reew: e¿~. Date: ~7z'dDl,
THS FORM MUS'lBE COMPL:E .Imæi¡wlM. . .,~A~B~G CHECKED IN, IF AN rm is COMPLE BY SOMEONE OTH TH
THE INITlTOR, THBN THAT PBRSONIS irQuiD TolJlíY-mwii?íNlTAL Al TH DATI NE TO THATlTADMI.o004. nEVISlD o3101/0Õ\\Slsvl \QA\FORMB\_LOUl\AMI004030106.doa

Jinned by: ~:¥

:"t

LOT# F6L220224 ';4 14 of 14
',,~ '.s
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