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1. Introduction and Background Studies 

The U.S. Army Research Laboratory (ARL) and Aberdeen Test Center (ATC) have designed and 
conducted bore cleaning studies1 on a commercially sold (GI Industries Inc., Monroe, CT) 
solventless barrel cleaning device (SBCD) (figure 1).  Bore cleaning takes place by manually 
guiding a spinning brush on the end of a flexible drive shaft up and down the bore for  
15–20 min. The brush itself is made from ceramic (silicon carbide) impregnated organic resin 
matrix spheres or strands which abrade away, along with the bore residues, during the course of 
cleaning.  The combined brush and bore residue can be collected using a vacuum attachment at 
the muzzle, as illustrated in figure 2. 

 

e)  

Figure 1.  GI industries bore cleaning (a) ball brush, (b) swab brush, (c) flexible steel drive shaft, (d) foot-peddle-
controlled electric drive motor, (e) in operation. 

Dimensional inspection of barrels cleaned with the SBCD showed no wear of the chrome or 
exposed steel substrate.1  Furthermore, an elemental material analysis (using scanning electron 
microscopy with dispersive x-ray spectroscopy SEM/EDS) of the evacuated cleaning dust2 did 
not reveal any chrome or substrate gun steel (from existing chrome chip sites) that could be 
attributed to brush-induced bore wear.   

Although wear tests failed to show any measurable level of bore erosion, two additional wear-
related tests were conducted, and the results are reported in the following sections.   

                                                 
1Bundy, M.; Pitts, J.; Baylor, R.; Doss, J.; Karschner, C.  Solventless Bore Cleaning System for M256 Tank Cannon;  

ARL-TR-3650; U.S. Army Research Laboratory:  Aberdeen Proving Ground, MD, September 2005.   
2Vanina, B.  M256 Cleaning Residue.  Memorandum from AMSRD-AAR-AEW-PC, Benet Laboratories:  Watervliet, NY, 

May 2006.  
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Figure 2.  Vacuum fixture designed to remove abraded brush and bore surface residue during cleaning.   

2. Post-Cleaned SBCD Surface Finish  

Though the surface finish may appear (figure 3) roughened by the SBCD cleaning process, a 
surface finish measurement (using a Handysurf E-21A surface texture analyzer, manufactured by 
Sheffield Measurement) indicates (table 1) the smoothness is on par with that of a new barrel.*  
Hence the SBCD device does not measurably change the barrel’s surface finish. 

3. Radiological Assessment of an SBCD-Cleaned DU-Contaminated Barrel 

Because of its high mass density, depleted uranium (DU) is often used as a component in tactical 
long-rod penetrator designs, such as the M829 family of 120-mm kinetic energy (KE) rounds.  
On rare occasions, it is possible for trace amounts of DU particles to be left behind in the gun 

                                                 
*The M256 barrel drawing allows a 1.6-µm finish on the chrome bore. 
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Figure 3.  Surface finish appearance after SBCD cleaning. 

 

Table 1.  Surface finish measurements. 

M256 Barrel Condition and Serial No. Surface Finisha 
(µm) 

SBCD-cleaned 4247 0.31 
New 11508 1.17 
New 11512 1.60 
New 11514 0.64 
New 11515 0.31 
New 11521 0.57 

aHigher surface finish numbers are synonymous with a rougher texture. 
 
bore (though a discussion of how this transpires is outside the scope of this report).  Precisely 
where the DU contamination resides is not universally agreed upon—is it located in the surface 
“glaze,” which would be removed in SBDC cleaning, or, is it located within the subsurface 
metal, and therefore unlikely to be removed by the SBCD cleaning process?  To shed some light 
on this issue and determine the level of hazard that may exist, if any, a known-to-be radioactive 
barrel (serial no. 10799) was cleaned with the SBCD and the dust collected in a High-Efficiency 
Particulate Air (HEPA) filtered vacuum system.   

The survey of the gun tube and cleaning system consisted of a radiation level meter survey and 
swipe sampling of the gun tube before and after the cleaning procedure, as well as swipe 
sampling performed on the cleaning head, vacuum, and dust collection bag after the cleaning 
procedure was completed. 
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The field radiation detection system was a calibrated Ludlum Model 3 field portable beta/gamma 
survey meter (serial no. 18383).*  The Ludlum 3 is widely used in the radiation protection field 
to search for the presence of beta- and gamma-emitting radioactive contamination.  DU emits 
both beta and gamma radiation, but is considered primarily a beta emitter.  As such, the Ludlum 
3 is well suited to field searches for the presence of DU contamination.   

For all field surveys, ATC considers a radiation level of 0.05 millirem/hour (mR/hr) the 
threshold level to indicate a positive result for radioactive contamination of any item.  A 
measured radiation level of 0.05 mR/hr represents twice the natural background radiation level 
which is typically in the range of 0.02–0.03 mR/hr.  The twice-background level is a rule of 
thumb criteria commonly applied in environmental monitoring and analysis to indicate a true 
detection of a substance above a natural-background level.   

Radiation can be fixed to, or removed from, an item.  Removable contamination is considered 
potentially mobile in the environment, such as a dust that is coating an item that could be picked 
up by/transferred to anything that comes into contact with the item, including equipment/tools or 
personnel, thereby causing cross contamination.  Fixed contamination means exactly that—the 
contamination is fixed or bonded to the source; it is a fundamental part of the item and is not 
available to be transferred to or cross contaminate another item.   

To help determine if any contamination that may be present is fixed or removable, standard 
smear analysis was performed on the gun tube and cleaning equipment.  In the swipe method, a 
cotton cloth smear is wiped over the surface of an item using moderate pressure.  The swipe 
should come in contact with a total of 100 cm2 surface area of an item.  The swipe then 
undergoes laboratory analysis to look for the presence of radioactive contamination.   

The lab instrumentation used for swipe analysis was a Tennelec, low-background, alpha/beta 
counting system.  The Tennelec system is widely used in the radiation protection field to detect 
low levels of radioactive contamination.  The Tennelec system undergoes weekly and daily 
quality control checks to assure the reliability of the results of all analyses. 

Field surveys of the gun tube with the Ludlum 3 showed similar maximum radioactive 
contamination levels of 0.2 mR/hr at the muzzle end both before and after cleaning.  Thus, the 
cleaning process produced no detectable change in the radiation levels measured within the tube.  
This lends evidence to the assertion that DU contamination is not in the glaze, as that was 
removed from the bore surface by the cleaning process, but rather, in the substrate bore metal 
that is not removed by the cleaning process. 

 

                                                 
*Source checks/functionality tests are performed every day a field survey instrument is used.  All field instruments are 

maintained yearly in a certified calibration program.  Calibration records are maintained on file for several years after the 
expiration of the year-long period. 
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Radiation levels from the swipe analysis of the tube, cleaning head, vacuum, and dust collection 
bin are listed in table 2.  Laboratory analysis of the dry swipes is indicative of the raw number of 
disintegrations detected in the swipes, expressed as disintegrations per minute (dpm, the 
fundamental scientific unit of measure that defines the radioactivity of an item or source).  For 
reference, the swipe results values in table 2 can be compared against ATC’s (internal) 
evaluation criteria of 30.0 dpm/100 cm2 alpha, and 100 dpm/100 cm2 beta for the presence of 
removable contamination.  This criteria is very conservative and was originally found in a 
standard issued by the former DARCOM.  For comparison, the Department of Transportation 
criteria for the presence of removable contamination is 220 dpm/100 cm2 alpha, and 2000 
dpm/100 cm2 beta.  

Table 2.  Radiation measurements. 

Item Alpha  
(dpm) 

Beta  
(dpm) 

Cleaning head stones  1.31 ± 1.39 4.29 ± 3.02 
Vacuum dust bag 0.02 ± 0.03 –0.91 ± 2.03 

Tube before cleaning 1.3 ± 1.39 5.2 ± 3.15 
Tube after cleaning 15.15 ± 4.61 4.52 ± 3.49 

 
In no instance was the removable contamination found on the swiped items at, or even near, 
ATC’s conservative evaluation criteria.  This is consistent with the Ludlum 3 results, which 
showed the source of DU contamination was still in the gun tube.   

Hence, both the field survey and the laboratory radiation testing support the conclusion that the 
DU contamination is affixed/bonded to the bore metal and not removed by the SBCD.  
Equivalently, the contamination does not appear to be associated with the combustion products 
that are removed during the cleaning process, and the cleaning process is not aggressive enough 
to remove metal from the bore surface.  Thus, these results suggest that there is little hazard from 
a radiation perspective to personnel operating the SBCD. 

4. Conclusions 

An SBCD, previously shown to provide effective cleaning with no detectable wear on the M256 
smoothbore tank cannon, was further examined here for its effect on surface finish and for its 
potential to remove DU from a contaminated barrel.  Test results showed the surface finish of an 
SBCD-cleaned barrel was comparable to a new barrel.  In addition, a radiological survey showed 
the radiation levels of the SBCD components and evacuated cleaning dust were not above 
normal after cleaning a DU-contaminated barrel.  Conversely, the well-above background 
radiation levels in the contaminated barrel were unchanged by the SBCD cleaning, indicating the 
DU contamination is fixed within the bore metal. 
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