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EXECUTIVE SUMMARY 
 

The Mixed Oxide Fuel Fabrication Facility (MFFF) will use colemanite bearing concrete neutron 
absorber panels credited with attenuating neutron flux in the criticality design analyses and shielding 
operators from radiation. The Savannah River National Laboratory (SRNL) is tasked with measuring the 
boron oxide content of the colemanite raw aggregate material prior to it being mixed into the concrete. 
SRNL received ten samples of colemanite for analysis on July 22, 2013. The elemental boron content of 
each sample was measured according to ASTM C 1301. The boron oxide content was calculated using the 
oxide conversion factor for boron.  
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1.0 Introduction 
The Mixed Oxide Fuel Fabrication Facility (MFFF) will use colemanite bearing concrete neutron 
absorber panels credited with attenuating neutron flux in the criticality design analyses and 
shielding the operator from radiation.1 MOX services requires the boron oxide (B2O3) content of 
the colemanite raw aggregate material to be determined prior to mixing and pouring of the sample 
concrete. 

2.0 Experimental Procedure and Results 
Ten samples of colemanite raw aggregate were delivered to Savannah River National Laboratory 
on July 22, 2013. Each sample weighed approximately one kilogram. Subsamples of the samples 
received on July 22, 2013 were ball milled, dried in an oven to remove moisture, and digested in 
triplicate using the ASTM method for trace metals analysis in limestone.2 Aliquots of each 
sample were weighed in separate beakers and then 10 ml of HCl and 4 ml of HNO3 were added. 
The acid mixture was heated at 95 °C for two hours in a beaker, with the sample covered with a 
watch glass. After heating was complete, the sample cooled for an additional 60 minutes to 
ensure complete boron dissolution. The sample was then diluted up to a final volume of 100 ml 
with deionized water. The samples were analyzed on the Agilent 730 Inductively Coupled 
Plasma-Optical Emission Spectrometer (ICP-OES). Boron was calibrated using a High Purity 
NIST traceable standard (Lot 1204016), Appendix A: Boron Certificate of Analysis. An internal 
standard (yttrium) was used to compensate for matrix effects. The dissolution method prescribed 
in the ASTM method resulted in complete dissolution of the samples. 
 

2.1 Quality Assurance 
Requirements for performing reviews of technical reports and the extent of review are 
established in manual E7 2.60.  SRNL documents the extent and type of review using the 
SRNL Technical Report Design Checklist contained in WSRC-IM-2002-00011, Rev. 2. 
 
 

3.0 Results and Discussion 
The digestion and analysis described in this report provides the elemental concentration of boron 
in the colemanite raw aggregate. An oxide conversion factor has to be applied to the raw data to 
calculate the concentration of boron oxide (B2O3) in the colemanite. The oxide conversion factor 
for boron to B2O3 is 3.2199. The elemental boron and boron oxide content for the ten colemanite 
samples are listed in Table 1. The average boron oxide content of the triplicate samples are also 
provided in Table 1. 
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Table 1. Boron and Boron Oxide Content for MOX Colemanite Samples. 

Sample Elemental 
Boron (wt%) 

Boron Oxide 
(wt %) 

Average 
B2O3 

(wt %) 
Colemanite #1 (A) 13.1 42.2 

41.8 Colemanite #1 (B) 13.1 42.2 
Colemanite #1 (C) 12.7 40.9 
Colemanite #2 (A) 12.8 41.2 

41.1 Colemanite #2 (B) 12.8 41.2 
Colemanite #2 (C) 12.7 40.9 
Colemanite #3 (A) 12.2 39.3 

39.7 Colemanite #3 (B) 12.1 39.0 
Colemanite #3 (C) 12.7 40.9 
Colemanite #4 (A) 12.3 39.6 

39.8 Colemanite #4 (B) 12.2 39.3 
Colemanite #4 (C) 12.6 40.6 
Colemanite #5 (A) 13.4 43.1 

41.9 Colemanite #5 (B) 12.7 40.9 
Colemanite #5 (C) 12.9 41.5 
Colemanite #6 (A) 12.2 39.3 

39.4 Colemanite #6 (B) 12.3 39.6 
Colemanite #6 (C) 12.2 39.3 
Colemanite #7 (A) 14.1 45.4 

43.6 Colemanite #7 (B) 13.4 43.1 
Colemanite #7 (C) 13.1 42.2 
Colemanite #8 (A) 13.2 42.5 

42.6 Colemanite #8 (B) 13.5 43.5 
Colemanite #8 (C) 13.0 41.9 
Colemanite #9 (A) 13.2 42.5 

40.6 Colemanite #9 (B) 12.5 40.2 
Colemanite #9 (C) 12.1 39.0 

Colemanite #10 (A) 13.3 42.8 
43.3 Colemanite #10 (B) 13.6 43.8 

Colemanite #10 (C) 13.4 43.1 
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