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Unknown Material Analysis 
 
The unknown material came from a SIR-700 resin bed.  The project indicated that bentonite may 
be the possible source of the unknown material.  
 
 
Optical Photos 
 
Optical photomicroscopy was performed at increasing magnification and are presented in Images 1-
3 below.  
 

 
Image 1  
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Image 2 
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2  
Image 3 
 
EDS-SEM 
 
The elemental composition of the solid sample was analyzed using energy dispersive spectrometry 
x-ray fluorescence by scanning electron microscope (EDS/SEM).  This technique identifies 
elemental composition of the samples limited to the first 10 to 100 micron depth.  Initially, an  X-ray 
spectrum from the entire scan area of the SEM was performed and is located in Figure 1 (attached).   By 
focusing the electron beam on particular spots of the sample area, more localized elemental information 
was obtained on the different particles observed.  .The localized spectra are proved in Figures 2-4. The 
EDS-XRF quantitation report is presented immediately following the respective spectrogram.  
Please note that the quantitation only includes elements of atomic numbers greater than 11 (sodium 
and higher) and is normalized to 100%.   Although carbon, nitrogen and oxygen were also detected, 
their atomic numbers are less than 11; therefore, are not quantified.  Due to the size of the carbon 
and oxygen peaks, it appears there is a substantial amount organic material in the samples; therefore, 
the metals concentrations provided in the quantitation reports are significantly biased high. 

 
 
 

XRD 
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To determine the chemical form of the major species in the sample, a random orientated mount X-
ray Diffraction (XRD) pattern was obtained. Each crystalline component phase in an unknown 
specimen produces its own powder diffraction pattern.  By comparing the diffraction peak positions 
and intensities of the unknown material against a library of known crystalline materials, it is 
possible to identify the crystalline components in the unknown.    As can be seen from the XRD 
diffratogram presented in Figure 5, the sample contains no significant peaks above the baseline 
noise, which indicates the sample is non-crystalline (amorphous).   
 
SUMMARY  
 
Bentonite is an aluminium phyllosilicate clay mineral consisting mostly of montmorillonite.  The 
EDS spectra graphically indicates the sample is primarily composed of carbon and oxygen although 
the quantitation tables do not identify since they cannot be quantitated using this technique.  The 
EDS analysis focused on the white areas on the solid (Figure 4), did detect higher levels of 
aluminum and silicon, which may indicate small areas of bentonite in  the material. 
 
XRD is a bulk analysis and cannot discriminate trace amounts of crystalline material.   Although the 
top library search results are presented in the in Figure 5 as well, they are not suitable matches. In 
Figure 6, the sample diffratogram was compared to different montmorillonites diffraction patterns 
contained in the XRD library for comparison.   The sample does not contain any of the predominant 
montmorillonites peaks. 
 
SwRI has able to obtain SIR-700 resin.  Image 4 below is an optical photomicrograph for 
comparison to the unknown material.  The unknown material and the SIR-700 resin have similar 
morphology.  It appears the unknown material is primarily spent SIR-700 resin.  
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Image 4.  New SIR-700 resin 
 
 
“I certify that this data package is in compliance with the terms and conditions of the contract, 
both technically and for completeness, for other than the conditions detailed above.  Release of 
the data contained in this hardcopy data package and in the computer-readable data 
submitted on diskette has been authorized by the laboratory manager or his/her designee, as 
verified by the following signature.  This report shall not be reproduced except in full without 
the written approval of SwRI." 

                                              __  __12/13/17                              __        
Principal Scientist      Date 
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Elt. Line Intensity 
(c/s) 

Atomic 
% 

Conc Units 

Na Ka 1.89 4.38 2.76 wt.% 
Mg Ka 2.40 3.48 2.31 wt.% 
Al Ka 10.77 11.43 8.45 wt.% 
Si Ka 29.59 27.92 21.47 wt.% 
P Ka 4.07 4.03 3.42 wt.% 
S Ka 23.50 19.29 16.94 wt.% 
Cl Ka 1.63 1.33 1.29 wt.% 
K Ka 1.07 0.71 0.76 wt.% 
Ca Ka 1.74 1.12 1.23 wt.% 
Ti Ka 0.71 0.46 0.60 wt.% 
V Ka 5.22 3.58 4.99 wt.% 
Cr Ka 25.83 18.87 26.87 wt.% 
Fe Ka 2.78 2.65 4.04 wt.% 
U Ma 2.22 0.75 4.87 wt.% 

100.00 100.00 wt.% Total 

kV  20.0, Takeoff Angle  23.0°, Elapsed Livetime 300.0 
Note: Quantified  results do not include elements with Z<11 (Na). 

Figure 1.  EDS results of the overall scan area of the SEM - Sample B3FLP8   
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Elt. Line Intensity 
(c/s) 

Atomic 
% 

Conc Units 

Na Ka 8.47 2.97 2.06 wt.% 
Mg Ka 17.95 3.97 2.91 wt.% 
Al Ka 88.79 14.87 12.11 wt.% 
Si Ka 273.94 44.96 38.10 wt.% 
P Ka 9.31 1.96 1.83 wt.% 
S Ka 68.91 11.36 10.99 wt.% 
Cl Ka 4.11 0.62 0.67 wt.% 
K Ka 12.24 1.48 1.75 wt.% 
Ca Ka 17.52 2.07 2.50 wt.% 
Ti Ka 3.84 0.46 0.66 wt.% 
V Ka 13.42 1.66 2.55 wt.% 
Cr Ka 66.72 8.73 13.70 wt.% 
Mn Ka 0.39 0.06 0.09 wt.% 
Fe Ka 27.30 4.48 7.55 wt.% 
U Ma 5.34 0.35 2.54 wt.% 

100.00 100.00 wt.% Total 

kV  20.0, Takeoff Angle  23.0°, Elapsed Livetime 300.0 
Note: Quantified  results do not include elements with Z<11 (Na). 

Figure 2.  EDS report  for white particles seen in sample B3FLP8
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Elt. Line Intensity 
(c/s) 

Atomic 
% 

Conc Units 

Na Ka 5.82 8.25 6.42 wt.% 
Mg Ka 5.88 6.17 5.08 wt.% 
Al Ka 17.03 14.76 13.50 wt.% 
Si Ka 38.76 34.87 33.18 wt.% 
P Ka 2.00 2.28 2.39 wt.% 
S Ka 28.92 26.58 28.88 wt.% 
Cl Ka 1.56 1.57 1.88 wt.% 
K Ka 1.78 1.39 1.84 wt.% 
Ca Ka 1.78 1.33 1.81 wt.% 
Cr Ka 2.88 2.28 4.01 wt.% 
Fe Ka 0.56 0.53 1.00 wt.% 

100.00 100.00 wt.% Total 

kV  20.0, Takeoff Angle  23.0°, Elapsed Livetime 300.0 
Note: Quantified  results do not include elements with Z<11 (Na). 

Figure 3.  EDS results of amber colored particles found in sample B3FLP8
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Elt. Line Intensity 
(c/s) 

Atomic 
% 

Conc Units 

Al Ka 10.32 13.12 8.66 wt.% 
Si Ka 12.57 13.97 9.59 wt.% 
P Ka 8.43 8.47 6.42 wt.% 
S Ka 26.70 23.63 18.53 wt.% 
Cl Ka 2.14 1.94 1.68 wt.% 
K Ka 0.12 0.09 0.09 wt.% 
Ca Ka 1.41 1.02 1.00 wt.% 
V Ka 5.39 4.20 5.23 wt.% 
Cr Ka 36.00 29.97 38.11 wt.% 
Fe Ka 2.06 2.29 3.13 wt.% 
U Ma 3.64 1.30 7.56 wt.% 

100.00 100.00 wt.% Total 

kV  20.0, Takeoff Angle  23.0°, Elapsed Livetime 300.0 
Note: Quantified  results do not include elements with Z<11 (Na). 

Figure  4.  EDS results of  black particles found in sample B3FLP8 
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Figure 5.  XRD diffractogram of B3FLP8 with library matches
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Figure 6.  XRD diffractogram of B3FLP8 with bentonite clay reference peaks presented for comparison 
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SOUTHWEST RESEARCH INSTITUTE
WetChem Report  -  Form I

Certificate of Analysis

Client Sample ID
B3FLP8

Type: Unknown
Client: CH2M Hill Plateau Remediation Company
Task Order: 171116-7
Lab ID: 623821
Result Units: mg/Kg

SDG: 623821
SRR: 60773
Matrix: Other Solid
% Solids: NA

Case: CHPRC
Project: 20859.01.00X
Receipt Date: 11/16/2017
Collection Date: 10/31/2017

CAS No. Analyte Result Qual M RL DF Prep Batch Analysis Date/Time
NA Alkalinity As CaCO3 1,700 NA 850 1 NA 12/05/2017 15:53
NA Bicarbonate as CaCO3 1,700 NA 850 1 NA 12/05/2017 15:53
NA Carbonate as CaCO3 850 U NA 850 1 NA 12/05/2017 15:53
NA Hydroxide as CaCO3 850 U NA 850 1 NA 12/05/2017 15:53

Data Reporting Qualifiers (Qual)
U - Result is less than the SwRI Reporting Limit (RL)
N - Matrix spike and/or matrix spike duplicate criteria was not met
X - Analytical spike criteria was not met
E - Result is estimated due to interferences
D - Result is reported from a dilution
* - Duplicate criteria was not met

Columns
RL - SwRI Reporting Limit
DF - Dilution Factor
M - Instrument

Instruments/Methods (M)
NA - Not Applicable/Total Alkalinity

SM 2320B

Form I-IN

Package Name: 623821_WetChem_20171205 [Generated on 12/05/2017 16:10:37] Program version(8/11/2011)
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SOUTHWEST RESEARCH INSTITUTE
WetChem Report  -  Form I

Certificate of Analysis

SwRI ID
ICB

Type: ICB/Blank
Client: CH2M Hill Plateau Remediation Company
Task Order: 171116-7
Lab ID: ICB
Result Units: mg/L

SDG: 623821
SRR: 60773
Matrix:
% Solids: NA

Case: CHPRC
Project: 20859.01.00X
Receipt Date: NA
Collection Date: NA

CAS No. Analyte Result Qual M RL DF Prep Batch Analysis Date/Time
NA Alkalinity As CaCO3 2.00 U NA 2.00 1 NA 12/05/2017 15:53
NA Bicarbonate as CaCO3 2.00 U NA 2.00 1 NA 12/05/2017 15:53
NA Carbonate as CaCO3 2.00 U NA 2.00 1 NA 12/05/2017 15:53
NA Hydroxide as CaCO3 2.00 U NA 2.00 1 NA 12/05/2017 15:53

Data Reporting Qualifiers (Qual)
U - Result is less than the SwRI Reporting Limit (RL)
N - Matrix spike and/or matrix spike duplicate criteria was not met
X - Analytical spike criteria was not met
E - Result is estimated due to interferences
D - Result is reported from a dilution
* - Duplicate criteria was not met

Columns
RL - SwRI Reporting Limit
DF - Dilution Factor
M - Instrument

Instruments/Methods (M)
NA - Not Applicable/Total Alkalinity

SM 2320B

Form I-IN

Package Name: 623821_WetChem_20171205 [Generated on 12/05/2017 16:10:37] Program version(8/11/2011)
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SOUTHWEST RESEARCH INSTITUTE
WetChem Report  -  Form IIA

Initial and Continuing Calibration Verification
Client: CH2M Hill Plateau Remediation Company
Task Order: 171116-7
Result Units: mg/L
Associated Analytical Batches: 20171205-A002

SDG: 623821
SRR: 60773
Initial Calibration Source: ERA
Continuing Calibration Source: ERA

Case: CHPRC
Project: 20859.01.00X

Initial Calibration Verification

Analyte True Found %Rec Limit
Alkalinity As CaCO3 40.1 40.0 99.8%
Bicarbonate as CaCO3 -    - -
Carbonate as CaCO3 - 40.0 -
Hydroxide as CaCO3 -    - -

True Found1 %Rec
40.1 40.0 99.8%

-    - -
- 40.0 -
-    - -

Limit M

Continuing Calibration Verification

Instruments/Methods (M)
NA - Not Applicable/Total Alkalinity SM 2320B

Form IIA-IN

Package Name: 623821_WetChem_20171205 [Generated on 12/05/2017 16:10:37] Program version(8/11/2011)
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SOUTHWEST RESEARCH INSTITUTE
WetChem Report  -  Form III

Blanks
Client: CH2M Hill Plateau Remediation Company
Task Order: 171116-7
Preparation Blank Result Units: mg/L
Initial/Continuing Blank Result Units: mg/L

SDG: 623821
SRR: 60773
Preparation Blank Matrix: Other Solid
Associated Prep Batches: NA

Case: CHPRC
Project: 20859.01.00X
Associated Analytical Batches: 20171205-A002

Preparation
Blank

Initial
Calibration Blank

Analyte Result Qual Found Qual
Alkalinity As CaCO3 2.00 U 2.00 U
Bicarbonate as CaCO3 2.00 U 2.00 U
Carbonate as CaCO3 2.00 U 2.00 U
Hydroxide as CaCO3 2.00 U 2.00 U

Found1 Qual
2.00 U
2.00 U
2.00 U
2.00 U

M

Continuing
Calibration Blank

Data Reporting Qualifiers (Qual)
U - Result is less than the SwRI Reporting Limit (RL)
N - Matrix spike and/or matrix spike duplicate criteria was not met
X - Analytical spike criteria was not met
E - Result is estimated due to interferences
D - Result is reported from a dilution
* - Duplicate criteria was not met

Instruments/Methods (M)
NA - Not Applicable/Total Alkalinity SM 2320B

Form III-IN

Package Name: 623821_WetChem_20171205 [Generated on 12/05/2017 16:10:37] Program version(8/11/2011)
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Analyte
Parent
Sample
Result

Qual
MS

Result

MS
Spike
Added

MS
%Rec

MSD
Result

MSD
Spike
Added

MSD
%Rec

%RPD
Control
Limit

%Rec

Control
Limit

%RPD
M QNote

Alkalinity As CaCO3
Bicarbonate as CaCO3

Carbonate as CaCO3
Hydroxide as CaCO3

SOUTHWEST RESEARCH INSTITUTE
WetChem Report  -  Form VA

Matrix Spike/Matrix Spike Duplicate Sample Recovery

Client Sample ID
B3FLP8MS/MSD

Client: CH2M Hill Plateau Remediation Company
Task Order: 171116-7
Lab ID: 623821S
Result Units: mg/Kg

SDG: 623821
SRR: 60773
Matrix: Other Solid
% Solids: NA

Case: CHPRC
Project: 20859.01.00X

1700 9280 8439 89.8% - - - - - NA
1700 4220 NA - - - - - NA
850 U 5060 NA - - - - - NA
850 U 844 NA - - - - - NA

Data Reporting Qualifiers (Qual)
U - Result is less than the SwRI Reporting Limit (RL)
N - Matrix spike and/or matrix spike duplicate criteria was not met
X - Analytical spike criteria was not met
E - Result is estimated due to interferences
D - Result is reported from a dilution
* - Duplicate criteria was not met

Columns
M - Instrument
MS - Matrix Spike
MSD - Matrix Spike Duplicate
Q - Qualifier
RPD - Relative Percent Difference

Instruments/Methods (M)
NA - Not Applicable/Total Alkalinity

SM 2320B

Form VA-IN

Package Name: 623821_WetChem_20171205 [Generated on 12/05/2017 16:10:37] Program version(8/11/2011)
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SOUTHWEST RESEARCH INSTITUTE
WetChem Report  -  Form VI

Duplicates

Client Sample ID
B3FLP8D

Client: CH2M Hill Plateau Remediation Company
Task Order: 171116-7
Lab ID: 623821D
Result Units: mg/Kg

SDG: 623821
SRR: 60773
Matrix: Other Solid
% Solids: NA

Case: CHPRC
Project: 20859.01.00X

Analyte
RPD
Limit

Control
Limit

Parent
Sample
Result

Qual
Duplicate

Result
RPDQual M Note

Alkalinity As CaCO3
Bicarbonate as CaCO3

Carbonate as CaCO3
Hydroxide as CaCO3

1700 1920 12.2% -- NA
1700 1920 12.2% -- NA
850 U 962 0.00% -U - NA
850 U 962 0.00% -U - NA

Data Reporting Qualifiers (Qual)

U - Result is less than the SwRI Reporting Limit (RL)
N - Matrix spike and/or matrix spike duplicate criteria was not met
X - Analytical spike criteria was not met
E - Result is estimated due to interferences
D - Result is reported from a dilution
* - Duplicate criteria was not met

Instruments/Method (M)

NA - Not Applicable/Total Alkalinity
SM 2320B

Columns

M - Instrument
RPD - Relative Percent Difference

Form VI-IN

Package Name: 623821_WetChem_20171205 [Generated on 12/05/2017 16:10:37] Program version(8/11/2011)
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Analyte True Found Qual %Rec. Limit M Analysis Date/Time

Alkalinity As CaCO3
Bicarbonate as CaCO3

Carbonate as CaCO3
Hydroxide as CaCO3

40.1 40.0 99.8% 12/05/2017 15:53NA
0.00 2.00 U NA 12/05/2017 15:53NA
0.00 40.0 NA 12/05/2017 15:53NA
0.00 2.00 U NA 12/05/2017 15:53NA

SOUTHWEST RESEARCH INSTITUTE
WetChem Report  -  Form VII

Laboratory Control Sample

SwRI ID
ICV

Client: CH2M Hill Plateau Remediation Company
Task Order: 171116-7
Lab ID: ICV
Result Units: mg/L

SDG: 623821
SRR: 60773
Matrix: Other Solid
Associated Prep Batches: NA

Case: CHPRC
Project: 20859.01.00X
LCS Source: ERA

Instruments/Methods (M)
NA - Not Applicable/Total Alkalinity SM 2320B

Form VII-IN

Package Name: 623821_WetChem_20171205 [Generated on 12/05/2017 16:10:37] Program version(8/11/2011)

01003012/13/2017 REV.0

31 of 33



SOUTHWEST RESEARCH INSTITUTE
WetChem Report  -  Form IX

Detection Limits
Client: CH2M Hill Plateau Remediation Company 
Task Order: 171116-7
Result Units: mg/L

SDG: 623821
SRR: 60773
Instrument: Accumet 50

Case: CHPRC
Project: 20859.01.00X

Analyte RL Units
Alkalinity As CaCO3
Bicarbonate as CaCO3
Carbonate as CaCO3
Hydroxide as CaCO3

Columns
RL - SwRI Reporting Limit

Form IX-IN

Package Name: 623821_WetChem_20171205 [Generated on 12/05/2017 16:10:37] Program version(8/11/2011)

 mg/L
mg/L

mg/L
mg/L

2.00

2.00
2.00

2.00
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SOUTHWEST RESEARCH INSTITUTE
WetChem Report  -  Form XII

Analysis Run Log
Client: CH2M Hill Plateau Remediation Company
Task Order: 171116-7
Analytical Batch: 20171205-A002
Analysis Method: Total Alkalinity SM 2320B

SDG: 623821
SRR: 60773
Instrument: Accumet 50

Case: CHPRC
Project: 20859.01.00X
Start Date: 12/05/2017
End Date: 12/05/2017

Lab Sample ID Client Sample ID Time DF A
l
C

B
i
C

C
a
C

H
y
C

ICV NA 15:53 1 X X X X
ICB NA 15:53 1 X X X X
623821 B3FLP8 15:53 1 X X X X
623821D B3FLP8D 15:53 1 X X X X
623821S B3FLP8MS 15:53 1 X X X X
CCV CCV 15:53 1 X X X X
CCB CCB 15:53 1 X X X X

Form XII-IN

Package Name: 623821_WetChem_20171205 [Generated on 12/05/2017 16:10:37] Program version(8/11/2011)
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