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Executive Summary 

 

Analysis and testing have been completed for utilization of polyurea coating in a 

mine seal application to improve blast effectiveness of the mine seal.  The MICON 550 

seal was selected for analysis and testing for the polyurea coated modification.  The 

baseline seal used two walls of dry stacked solid concrete blocks separated by a 16” thick 

polyurethane core.  The unmodified seal was an approved 20 psi mine seal. 

The program goal was to increase the mine seal blast pressure sustainability of a 

baseline 20 psi seal to greater than 60 psi.  A coated retrofit design was developed for the 

Micon 550 seal which includes a secondary 8” thick polyurethane core, secondary block 

wall, and .125” thick polyurea coating. The retrofit configuration was installed and tested 

at the Lake Lynn Experimental Mine, and survived a blast test with a peak blast pressure 

of 78.5 psi with permanent displacement of one inch.  A second test was conducted after 

reinforcement was added by bolting heavy steel angle to the floor on the outby side of the 

retrofit; the modified retrofit survived a second blast test with a peak blast pressure of 

84.4 psi with total permanent displacement of 3 inches.    

An alternative seal design was also analyzed with and without polyurea coating.  

A solid concrete block seal was selected for analysis.  The uncoated seal was rated at 50 

psi, and was predicted by the models to fail at 70 psi peak blast pressure.  The coated seal 

was predicted to survive a minimum 90 psi blast using conservative predictions of 

potential coating failure. 

The completed analyses and testing have shown that the PPG polyurea coating 

can be used to improve the blast protection of mine seal structures. 
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1 Introduction 

 

Today there are an estimated 14,000 mine seals in use throughout the United States.  

Mine seals are a critical mining practice to protect mine workers from explosive methane 

gas.  At the time of their installation, the mine seals were only required to protect against 

blast pressures of 20 psi.  Recently, in response to two fatal mine explosions in which the 

blast pressures exceeded 20 psi, the Mine Improvement and New Emergency Response 

Act was enacted to increase the minimum. In July 2006, the Mine Safety and Health 

Administration (MSHA) raised the standard to 50 psi.  On May 22, 2007 MSHA issued 

an Emergency Temporary Standard (ETS) which was amended in a final ruling issued on 

April 18, 2008. The final ruling on mine seals has a three tier approach: 50-psi 

overpressure when the atmosphere in the sealed area is monitored and maintained inert, 

120-psi if the atmosphere in the sealed area is not monitored and is not maintained inert, 

and greater than 120 psi seal if a situation exists that will cause pressure piling, resulting 

in pressures above 120 psi. With this increase, an immediate need to improve the 

sustainable blast pressures of the existing 20 psi mine seals became apparent.   

 

In response to the National Institute for Occupational Safety and Health (NIOSH) BAA: 

2007-N-09921, PPG proposed the use of a high solids polyurea coating system for 

increased mine seal explosion protection. From the submitted proposal to NIOSH, PPG 

was awarded the contract to develop a cost effective, commercially available spray 

applied polyurea coating system that would upgrade an existing 20 psi approved mine 

seals to mine blast pressures greater than 60 psi. 

 

2 Development and Testing Approach 

 

The research program for the polyurea enhanced mine seal coupled modeling predictions 

from Penn State ARL and synthesis and formulation expertise from PPG.  The research 

program had three main elements. 

1. Modeling – Use finite element modeling to predict and recommend seal 

and coating design to be capable of withstanding a static horizontal 

pressure of 60 psi. 
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2. Formulation – Develop a flame-retardant and sprayable polyurea at 

50F with performance properties to enhance blast performance.   

3. Validation – Test the polyurea retrofit seal at the Lake Lynn 

Experimental Mine with full scale blast performance. 

 

NIOSH and PPG agreed to test the polyurea coated upgrade on a MICON 550 mine seal.  

The MICON 550 seal shown in Figure 1 represents a 20-psi approved seal used in coal 

mines. The construction of the seal and blast evaluations were conducted in NIOSH‟s 

Lake Lynn Experimental Mine (LLEM) near Fairchance, PA, during April-May 2008. 

The MICON 550 seal and polyurea retrofit were constructed in A-drift between crosscuts 

3 and 4.  Figures 2 and 3 show the location of the mine seal in the Lake Lynn 

Experimental Mine.  

 

3 Polyurea Retrofit Design 

 

The Polyurea retrofit was designed based on finite element analysis at Penn State 

University‟s Advanced Research Laboratory and coating formulation at PPG Industries‟ 

Coatings Innovation Center in Allison Park, PA.  Initial modeling efforts were focused on 

predicting failure pressures on the MICON 550 as a baseline reference point.  Even 

though the MICON 550 was qualified as a 20 psi approved seal, it was assumed that the 

failure load was higher than 20 psi for a designed safety factor. From modeling analysis 

of potential crack initiation stress, the MICON 550 was determined to have a predicted 

strength of 36 psi.  

 

Since the stated project goal was to develop a retrofit which would increase the 20 psi 

mine seal blast pressure sustainability to greater than 60 psi, several design options were 

considered. The most promising design was to install a secondary block wall with an 8 

inch polyurethane core outby of the baseline seal, and apply the polyurea coating to the 

secondary wall.  This design approach was consistent with a retrofit environment, and 

provided a new and consistent surface for the polyurea coating application.  The stress 

based failure prediction for this retrofit design was 6810 psi, and showed highly 

nonlinear response at 120 psi.  Based on these results, the dual core retrofit configuration 
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was expected to survive 65 psi peak blast pressure testing at Lake Lynn Mine with low 

risk.  Modeling and performance properties can be found in “Finite Element Modeling 

for Blast Resistant Polyurea Coatings for Mine Seals” in Appendix A.   

 

4 Polyurea Coating Development 

 

The polyurea coating development and optimization was completed by PPG Industries. 

The polyisocyanate resin (CAT137) was specifically designed for application and 

physical properties at 50-60F mine temperatures as well as enhanced fire resistance per 

ASTM E-162. Several gallons of CAT137 were produced at PPG Coatings Innovation 

Center for the mine seal coatings application.  The amine formulation (BDL95617B) was 

also developed based on performance properties at 50-60F. The mine seal polyurea 

formulation had improved fire resistance but did not meet a “Class A” flame spread index 

of <25 according to ASTM E-162. To achieve “Class A” flame spread rating, two coats 

of PPG‟s Speedhide 42-7 (Interior Flame Retardant Flat Latex coating) were applied over 

the polyurea mine seal coating. Results from V-TEC testing labs showed an average 

flame spread index of 9.28 which is considered “Class A”. Toxic gas generation test per 

BSS7239 was also test by V-TEC. Specific details on the polyurea coating properties and 

tests can be found in “Polyurea Coating Properties” in Appendix B.   

5 MICON 550 Construction 

 

The MICON 550 seal consists of two dry stacked concrete masonry units and a special 

polyurethane polymer and aggregate inner core. The first rows of 8-in x 8-in x 16-in 

solid-concrete blocks for the front and back walls were laid 16 inches apart shown in 

figure 4. The core thickness was determined by the height of the mine seal. From 

MICON‟s technical bulletin, a mine seal with a height of 7.3 feet requires a core 

thickness of 16 inches.   After the first rows were constructed the remaining rows on the 

back wall were installed by stacking blocks in place without mortar. Once the back wall 

was completed the front wall was installed by stacking blocks in place without mortar. 

The two component polyurethane (RokLok 70) was used in the construction of the inner 

core to coat the floor, the interface between the block walls and floor, and the block walls 
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and ribs within the core area (figure 5). For the initial step, Seal Lok 120 was applied in 

the inner core to coat the floor and 2-4 inches of aggregate was applied while the Seal 

Lok 120 was liquid (figure 6).  Within several minutes, the polymer expanded within the 

aggregate. After establishing the core base, four inches of aggregate was added to the 

initial lift and thoroughly coated with Seal Lok 120.  After 5 minutes the Seal Lok 120 

reacted and expanded to about 14 inches.  This step was repeated until the seal was 

completed to the roof (figure 7).   Additional details of the seal construction procedures 

are in „MICON 550 Seal Construction Description‟ and „MICON 550 Technical Bulletin‟ 

in Appendices C and D.  Information on the construction materials are in the „Material 

Data Safety Sheet (MSDS) and Technical Data Sheets for Construction Materials‟ in 

Appendix E.  

 

6 Polyurea Retrofit Construction 

 

The Polyurea retrofit was installed on the outby side of the MICON 550 seal. The outby 

side refers to the accessible side of the seal in an actual coal mine. The first course of 8-in 

x 8-in x 16-in solid-concrete block was laid 8 inches +/- 1 inch in front of the MICON-

550 seal (figure 8).  Seal Lok 120 rigid polyurethane was used between the MICON-550 

seal and the new wall (figure 9).  No stone aggregate was used in the core except for a 

broadcast of #57 stone between lifts of polyurethane in situations where a subsequent lift 

was not applied while the top layer of the previous lift was still tacky.  The solid concrete 

blocks were glued together and glued to the ribs, floor and roof with RokLok-70, rigid 

polyurethane (figure 10).  RokLok-70 was also used to coat the interior cavity surface of 

the core before installation of Seal Lok 120 and around the perimeter of the glued 

concrete blocks.   

 

6.1 Preparation before Coating Application 

 

Once the concrete block wall was constructed, the wall was inspected for uniform 

appearance.  Holes were filled with putty and excess Seal Lok 120 and RokLok-70 were 

removed from the wall and floor with a hammer and chisel, or equal (figure 11). Duct 

tape was used in some areas to bridge gaps between the seal wall and roof.  Also, loose 



 9 

debris was removed from the wall and floor with compressed air and/or brush and swept-

up with broom. 

 

The polyurea coating was shipped in a prepackaged dual connecting 600cc cartridge 

(figure 12). One cartridge contained the white polyamine (BDL95617B).  The other 

cartridge contained the clear polyisocyanate hardener (CAT137).  The package also 

contained a static mix tube and orifice restrictor.   The cartridges were prepared for 

application by removing the shipping collar and cap from cartridge. The restrictor was 

place on the cartridge so the restrictor alignment tabs fitted into the cartridge top and then 

the static mix tube was screwed on the cartridge.    

 

6.2  Polyurea Coating Application 

 

For the polyurea coating application, Personal Protective Equipment (PPE) was used at 

LLEM.  The necessary PPE was determined by an Industrial Hygiene assessment at 

LLEM on Dec. 19, 2007. Detailed information on the Industrial Hygiene assessment is in 

the „Polyurea Coating for Mine Seal Trial, Industrial Hygiene Sampling Report‟ in 

Appendix E.  This assessment for PPE is specific to Lake Lynn Experimental Mine. Each 

facility or mine is responsible to evaluate its own workplace processes, conditions, and 

work practices to develop appropriate protective measures. 

A dual 600cc canister spray gun from Plas-Pak was used for the spray application (figure 

13). The spray gun was connected to a compressed air line with 100-110 psi pressure. 

The assemble cartridges were loaded into a dual 600cc canister spray gun by holding the 

spray gun in one hand, depressing piston reversing button and simultaneously squeezing 

trigger to retract the pistons. The trigger was released and cartridge is place securely in 

gun housing while keeping cartridge upright to prevent premature mixing in the static 

mix tube. Finally, the atomization air line was attached to the static mix tube and adjusted 

for 30-40 psi atomization air.   

 

Once the dual cartridge was loaded into the gun, the polyurea coating (BDL95617B / 

CAT-137) was spray applied on the retrofit wall in two coats with a total film thickness 

between 125 to 150 mils (figure 14). The polyurea coating was also applied and tapered 
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about 2 feet from the wall to the ribs, floor, and roof.  A total of 62 dual cartridges were 

used in coating the seal.  From start to finish, the polyurea coating application took about 

2.5 hours including a 45 minute break between coats. 

 

6.3 Speedhide 42-7 Fire Resistant Latex Coating Application 

 

After the seal had been coated with the polyurea coating, PPG‟s Speedhide 42-7 fire 

resistant latex coating was applied over the polyurea coating with paint rollers and 

brushes (figure 15).  The Speedhide 42-7 coating application took about 45 minutes.  

 

The polyurea retrofit was now completed and ready for the blast test (figure 16). 

Additional details of the Polyurea retrofit are in the „Polyurea Retrofit Construction 

Details‟ in Appendix F.  Detailed information on the construction materials are in the 

„Material Data Safety Sheet (MSDS) and Technical Data Sheets for Construction 

Materials‟ in Appendix G.  

7 First Blast Test at LLEM (Test #523) 

 

Measurements of the air leakages through the seal were taken before and after each of the 

explosion tests. Pre-explosion air leakage measurements on the polyurea retrofitted seal 

showed no detectable leakages at pressure differentials up to 4.2 in H2O.  

 

Location 

Air Leakage Rates, CFM at pressure 

differential of -  

0.8 in 

H2O 

1.4 in 

H2O 

2.4 in 

H2O 

4.2 in 

H2O 

Polyurea Retrofitted Seal in A-375 0 0 0 0 

 

Table 1:  Air Leakage measurements before the first explosion test (Pre-LLEM test 523) 

 

The first explosion test in A drift generated an initial head on peak pressure of 78.5 psi at 

the A-375 seal. The retrofit seal survived the explosion test (figures 17 & 18). Detailed 

instructions for this test are found in „Instructions for LLEM Explosion Tests‟ in 

Appendix H.  
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Graph 1: Actual blast pressure data versus time for first explosion test (LLEM test #523) 

 

The explosion pressure data was collect with a transducer at the middle front of the seal 

(Graph 1) and at various locations.  Two data acquisition systems were used. The 

National Instruments Corp system collected data at a sampling rate of 1500 samples per 

second and the Kinetic Systems, Inc collected data at 5000 samples per second.  Pressure 

data was report as actual and smoothed or averaged. Additional details of the pressure 

data generated during test LLEM test#523 are in the „Pressure Data for LLEM Explosion 

Tests‟ in Appendix I.  

 

Behind the seal was a linear variable differential transducer (LVDT) mounted to the posts 

and attached to the A-375 seal as seen in Figure 17. The LVDT measures the movement 

of the seal during the explosion. From the LVDT sensor data, the retrofit seal exhibited a 

maximum displacement of approximately 1.5 inches. The A–375 seal exhibited a 

permanent displacement of about 2 inches on the floor on the inby side (figures 19 & 20).  

The displacement was the greatest in the middle and tapered to the sides. 

 

Post-explosion air leakage measurements were then collected on the seal. The A-375 seal 

exhibited minimal leakage when subjected to pressure differentials up to 4.4 in H2O. 
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Location 

Air Leakage Rates, CFM at pressure 

differential of -  

0.8 in 

H2O 

1.4 in 

H2O 

2.4 in 

H2O 

4.4 in 

H2O 

Polyurea Retrofitted Seal in A-375 9.1 12.6 17.4 22.6 

 

Table 2:  Air Leakage measurements after the first explosion test (Post-LLEM test 523) 

 

8 Second Blast Test at LLEM (Test #524) 

 

Before the second explosion test, angle iron was installed at the base of the outby seal to 

prevent further movement of the seal on the concrete floor (figure 21). A second 

explosion test was then conducted to generate a higher pressure at the A-375 seal. 

Detailed instructions for this test are found in „Instructions for LLEM Explosion Tests‟ in 

Appendix H. The second explosion test generated an initial head on peak pressure of 84.4 

psi at the A-375 seal. The retrofitted seal survived the blast (figures 21 &23). 
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Graph 2: Actual blast pressure data versus time for second explosion test (LLEM test 

524) 

 

Additional details of the pressure data generated during test LLEM test #524 are in the 

„Pressure Data for LLEM Explosion Tests‟ in Appendix I.  Based on the LVDT sensor 

data, the retrofitted seal exhibited a displacement of approximately 2 inches. The seal 
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moved an additional inch on the inby floor for a total permanent displacement of 3 inches 

(figure 24).  The displacement was the greatest in the middle and tapered to the sides.  

 

As listed in Table 3, post-explosion air leakage measurements revealed more air leakage 

compared to the first blast test. 

 

Location 

Air Leakage Rates, CFM at pressure 

differential of - 

1.0 in 

H2O 

1.7 in 

H2O 

2.5 in 

H2O 

4.4 in 

H2O 

Polyurea Retrofitted Seal in A-375 17.4 26.1 34.8 53.9 

 

Table 3: Air Leakage measurements after the second explosion test (Post-LLEM test 524) 

 

 

9 Conclusions 

 

The polyurea retrofit of a MICON 550 seal was successfully designed and model by Penn 

State ARL and PPG Industries. Modeling predictions determined the baseline seal 

performance at 36 psi and the polyurea retrofit performance at 68 psi. The actual blast 

tests at LLEM showed a significant improvement for blast protection with the polyurea 

retrofitted seal.  The retrofit configuration was installed and tested at the Lake Lynn 

Experimental Mine, and survived a blast test with a peak blast pressure of 78.5 psi with 

permanent displacement of one inch.  A second test was conducted after reinforcement 

was added by bolting heavy steel angle to the floor on the outby side of the retrofit; the 

modified retrofit survived a second blast test with a peak blast pressure of 84.4 psi with 

total permanent displacement of 3 inches.   This research study has demonstrated that 

PPG‟s polyurea coating can be used to improve the blast protection of mine seals. 

 

References: 

1) Eric S. Weiss and Samuel P. Harteis, “Reinforcement of Existing Mine Seals - 

Evaluation of the BlastSeal Upgrade, National Institute for Occupational Safety and 

Health, Pittsburgh Research Laboratory, Pittsburgh, PA, May, 2007. 
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Figure 1:  Schematic of MICON 550 Seal 

 

 

 

 

 
 

 

Figure 2:  Plan view of the Lake Lynn Experimental Mine (LLEM). 
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Figure 3:  Mine seal test area in the LLEM 

 

 

 

 
 

Figure 4:  1
st
 course of concrete block for MICON 550 mine seal 
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Figure 5: RokLok 70 (high density polyurethane) application 

 

 

 

 
 

Figure 6:  Gravel added to RokLok 70 for MICON 550 core 
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Figure 7:  Completed MICON 550 seal on inby side 

 

 

 

 
 

Figure 8: 1
st
 course of cement block for retrofit wall 
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Figure 9:  Application of Seal Lok 120 in retrofit wall core 

 

 

 

 
 

Figure 10:  Application of Rok-lok 70 to glue blocks  
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Figure 11:  Retrofit wall before polyurea coating spray application 

 

 

 

 
 

Figure 12:.  Prepackaged Polyurea Cartridge with restrictor and static mix tube 
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Figure 13:  600cc Dual Canister Spray Gun 

 

 

 

 

 

 

 
 

Figure14:  Application of PPG Polyurea with 600cc dual canister static mix gun 

 

 

 



 21 

 
 

Figure 15:  Application of PPG Speedhide 42-7 coating for fire resistance. 

 

 

 

 
 

Figure 16:   Completed polyurea retrofit seal 
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Figure 17:  Mine Seal with LVDT sensor on outby side after 1
st
 blast test 

 

 

 
 

Figure 18:  Mine seal on inby side after 1
st 

blast test 
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Figure 19:  Seal displacement on the inby side after first blast test 

 

 

 
 

Figure 20:  Seal displacement approximately 2 inches on the inby side 
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Figure 21:  Angle iron installed on the outby face of the seal before 2
nd

 blast test 

 

 

 

 
 

 

Figure 22:  Mine seal on outby side after 2
nd

 blast test 
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Figure 23:  Mine seal on inby side after 2
nd

 blast test 

 

 

 

 
 

Figure 24:  Seal displacement approximately 3 inches on the inby side 
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Executive Summary 

 

Analysis and testing have been completed for utilization of polyurea coating in a mine 

seal application to improve blast effectiveness of the mine seal.  The Micon 550 seal was 

selected for analysis and testing of a coated modification.  The baseline seal uses two 

walls of dry stacked solid concrete blocks separated by a 16” thick polyurethane core.  

The unmodified seal is qualified for a 20 psi blast pressure.   

The program goal was to increase the mine seal blast pressure sustainability of a baseline 

20 psi seal to greater than 60 psi.  A coated retrofit design was developed for the Micon 

550 seal which includes a secondary 8” thick polyurethane core, secondary block wall, 

and .125” thick polyurea coating.  The retrofit configuration was installed and tested at 

the Lake Lynn Experimental Mine, and survived a blast test with a peak blast pressure of 

78.5 psi with permanent displacement of one inch.  A second test was conducted after 

reinforcement was added by bolting heavy steel angle to the floor on the outby side of the 

retrofit; the modified retrofit survived a second blast test with a peak blast pressure of 

84.4 psi with total permanent displacement of 3 inches.    

After analysis and testing of the baseline seal, an alternative seal design was analyzed 

with and without polyurea coating.  A solid concrete block seal was selected for analysis.  

The uncoated seal is rated at 50 psi, and was predicted by the models to fail at 7010 psi 

peak blast pressure.  The coated seal was predicted to survive 90 psi using conservative 

predictions of potential coating failure. 

The completed analyses and testing have shown that the PPG polyurea coating can be 

used to improve the blast effectiveness of mine seal structures. 
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1 Introduction 

This report is submitted to PPG industries for the project titled “Finite Element Modeling 

for Blast Resistant Polyurea Coatings for Mine Seals”.  The objective of the analyses was 

to complete predictions for the performance improvement of an underground mine seal 

which is retrofitted with PPG polyurea coating.  The program goal was to retrofit an 

existing 20 psi approved mine seal to increase the mine seal blast pressure sustainability 

to greater than 60 psi.  The analyses included predicting the baseline seal performance, 

retrofit seal performance, and comparing the model predictions to subsequent full scale 

testing completed by NIOSH and PPG at Lake Lynn.   

After simulation and testing of the baseline retrofit, a second analysis was completed of 

an alternate seal with and without the polyurethane coating.  The analysis methodology 

which was applied and validated for the baseline seal analysis was utilized for the 

alternate seal analysis. 

2 FEA Model Approach 

The analyses require prediction of mine seal performance when subjected to a highly 

transient blast pressure.  Existing test data show typical blast events lasting on the order 

of 150 mS, with peak transients existing for less than 15 mS.  Due to these high load 

rates, an explicit transient finite element analysis (FEA) method was employed.  LS-Dyna 

was selected as the FEA solver, since it is an explicit solver and supports a wide array of 

geological and visco-elastic material constitutive models which were necessary for the 

desired analyses.  Additionally, ARL/PSU has existing LS-Dyna material models which 

have been validated for other blast and penetration analyses.  Finally, the LS-DYNA 

models support explicit definition of failure criteria for the various material types, which 

is desired for accurate simulation of the mine seal performance. 

3 Analyzing PPG Polyurea Coating Using PPG/AFRL Above Ground Blast Test 

Results 

PPG industries previously participated with the Air Force Research Laboratory (AFRL) 

for blast testing of an above ground concrete masonry unit (CMU) wall with PPG 

polyurea coating.  ARL/PSU developed FEA predictions for the blast response of this 

wall to use as initial validation of the model approach and polyurea material constitutive 

models. 

Figure 1 shows the ¼ symmetry FEA model of the AFRL CMU wall.  Figure 2 shows the 

model prediction for the wall failure when subject to a transient blast with 48 psi peak 

pressure.  Figure 3 shows a comparison of model predictions with test results for the wall 

failure after a full scale blast.  The trends of the test data are well represented in the 

model.  The front face fails between the cell walls, primarily at the perimeter of the wall 



 

 

33 

 

for both the model and test.  The center and back face of the wall remaining essentially 

intact though damaged in both the test results and model predictions.   

No attempt was made to correlate the FEA model parameters to more closely replicate 

the AFRL results.  The objective of this model was to ensure that the trends of the model 

predictions were accurate using baseline CMU material properties and transient blast 

parameters.  This objective was well met with the CMU wall model predictions, and the 

analyses proceeded to simulation of the mine seal. 

4 Finite Element Model of Baseline Seal (Micon 550) 

The Micon 550 seal was selected by PPG as the baseline mine seal configuration for 

analysis and testing.  The baseline seal consists of two rows of dry stacked 8x8x16 

cement blocks separated by a 16 thick polyurethane core.  This seal configuration is 

approved for 20 psi blast pressure at dimensions consistent with the Lake Lynn mine 

shaft.   

Figure 4 shows the ¼ symmetry model of the baseline 550 seal including polyurethane 

core and dry stacked blocks.  The model includes explicit simulation of each block and 

full contact definition and nominal gaps between adjacent blocks.  Full adhesion is 

assumed between the blocks and the polyurethane core, side walls, floor, and ceiling. 

4.1 Model Blast Pressure Definition 

During testing, the blast for the explosive shock is detonated several hundred feet from 

the mine seal, and is estimated as a plane wave by the time it reaches the seal (no spatial 

pressure variation).  The time varying pressure pulse is simultaneously applied on the 

entire blast side of the FEA models, and the transient stresses and displacement response 

of the mine seal are evaluated.  A triangular pulse profile is assumed for the time domain 

variation of the applied pressure.   

Figure 5 compares the assumed shape of the model triangular pressure pulse to previous 

Lake Lynn test data for measured pressure during seal testing as reported in reference 1.  

The rise time (10 mS) and linear decay time (150 mS) for the seal simulations were held 

constant for all model predictions, and approximate the previously measured Lake Lynn 

data.  The peak pressure for the FEA simulations was varied to simulate varying blast 

loads.  Since the time scale was held constant, the impulsive pressure load for the models 

scales linearly with peak pressure, i.e. a 60 psi simulation has 50% more impulsive 

pressure load than a 40 psi simulation. 

After full scale testing, it was shown that the rise rate for the pressure pulse for the PPG 

tests was faster than the 10 mS as estimated from the previous Lake Lynn testing.  A 

description of this difference and the impact on model predictions is provided in Section 

7. 
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4.2 FEA Model of Hydrostatic Test Configuration to Validate Full Scale Static 

Predictions 

A full scale Micon 550 seal had been previously tested using hydrostatic pressure on the 

blast face of the seal.  In order to validate the baseline FEA model, the hydrostatic test 

configuration
1
 was simulated and model predictions were compared to test results.  

Figure 6 shows the FEA model of the hydrostatic test configuration.  The pressure load 

included a linearly increasing pressure on the seal face, with maximum pressure at the 

seal base where the hydrostatic pressure is highest.  Note that a ½ symmetry model was 

used, since the hydrostatic pressure is not symmetric in the vertical dimension.  The seal 

dimensions are also slightly different for the hydrostatic test model compared to the Lake 

Lynn configuration. 

Figure 7 shows a typical displacement contour plot for the seal model subjected to 

hydrostatic pressure.  Figure 8 shows a comparison of model predictions and test results
2
 

for seal displacement at the seal mid height.  Since the hydrostatic load changes slowly 

compared to a blast load, the model comparison for this loading shows good validation of 

the quasi-static material properties of the model, but does not include any rate dependant 

validation. 

4.3 FEA Model of Micon Large Scale Static Beam Shear Tests to Evaluate 

Polyurethane Material Properties 

Micon has previously completed failure testing of their polyurethane material configured 

as large beam specimens.  This testing provided more complete information for the 

polyurethane material property validation than the hydrostatic test, since it included a 

more controlled test environment and documented plastic loading of the beams to failure.   

The test configuration for the Micon polyurethane beam shear test
3
 is shown in Figure 9.  

This test configuration was simulated explicitly using an LS-Dyna FEA model, including 

full nonlinear contact between the steel plates (load application and clamping) and 

polyurethane beam.  The nonlinear stress-strain curve and failure criteria of the 

polyurethane material model were then adjusted until the load deflection predictions of 

the model were similar to the test results.  The model predictions included local failure of 

the polyurethane at the corners of the load application plate.   

Figure 10 shows a comparison of the nonlinear load versus deflection for the model and 

test results for the beam shear test.  The model is shown to closely match the test results 

for the entire load spectrum.  The polyurethane stress-strain curves and failure criteria 

which correspond to this test were used for all subsequent blast analyses, with no strain 

rate hardening. 
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5 Polyurea Material Properties 

PPG optimized the properties of the polyurea material formulation to improve the loss 

factor and strain-to-failure of the material at mine type ambient temperatures (~50ºF).  

Figure 11 shows the polyurea material curve that was used for all final analyses. 

6 Model Predictions, Baseline and Retrofit Micon 550 Seal 

The baseline Micon 550 seal is qualified to 20 psi peak pressure for the seal size as tested 

at Lake Lynn.  FEA model results were desired to identify a polyurea coated retrofit 

design which could survive at least 60 psi during full scale testing at Lake Lynn. 

6.1 Uncoated Seal Predictions 

Initial model efforts focused on predicting failure pressure of the baseline uncoated seal.  

Although the seal is qualified to 20 psi, it was assumed that the failure load was higher 

than 20 psi, to allow for design margin.  In order to predict failure pressure, the mine seal 

models were run with a variety of peak pressures to assess the change in predicted stress 

and deflection with increasing blast pressure.  A stress based failure was identified at the 

blast pressure where a large enough zone of the polyurethane core had yielded to 

potentially initiate a failure crack.  Increasing pressure was also applied to the model 

beyond the stress based failure pressure, to assess the pressure at which the deformation 

becomes nonlinear.  The stressed based crack initiation pressure represents a conservative 

estimate of seal failure, while the nonlinear displacement versus pressure is less 

conservative and represents plastic failure of the seal in the absence of crack growth.  

Using these criteria, the potential crack initiation stress for the baseline seal at 7‟6” height 

was predicted at 3610 psi, while highly nonlinear deflections in the absence of fracture 

were evident above 40 psi.  These data constitute the model predictions for failure of the 

baseline uncoated Micon 550 seal.  This is consistent with Micon historical data, which 

suggests that the 550 seal has survived non-instrumented tests of 30-40 psi in a cross-cut 

seal where the pressure wave is sweeping rather than head-on. 

6.2 Retrofit Seal Predictions 

Since the stated project goal was to develop a retrofit which would increase the 20 psi 

mine seal blast pressure sustainability to greater than 60 psi, design options were 

evaluated which could be implemented as a retrofit to the Micon 550 or other seals.  The 

selected retrofit approach was to install a secondary block stack and polyurethane core 

outboard (on the non-blast side) of the baseline seal, and apply the polyurea coating to the 

secondary wall.  This design approach is consistent with a retrofit environment, 

represents a feasible method for seal modification, and provides a pristine surface for 

application of the polyurea coating to optimize the blast mitigation effectiveness. 
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Figure 12 shows the ¼ symmetry model of the retrofit 550 seal including secondary 

polyurethane core and block stack.  The model assumes a baseline Micon 550 seal, 

retrofitted with a secondary 8 polyurethane core, secondary 8 block wall with Roklok 

70 joining the blocks at the mortar lines for the exterior wall only, and a .125” thick 

polyurea coating.  The model includes explicit simulation of each block and full contact 

definition and nominal gaps between adjacent blocks in the baseline seal region.  Full 

adhesion is assumed between the blocks and the polyurethane core, side walls, floor, and 

ceiling.  The out-by block wall is assumed as a solid structure, since the Roklok 70 

joining the blocks has higher strength than the blocks. 

Varying secondary core thicknesses were evaluated for the retrofit seal.  As previously 

described, the true failure pressure for the seal is a function of whether or not unstable 

crack growth propagates through the seal.  Based on model predictions, a 4 secondary 

core thickness will result in highly nonlinear seal displacements at 60 psi.  This did not 

provide sufficient design margin for the seal testing.  A 12 secondary core thickness 

results in stress based failure of the seal above 60 psi and deflection based failure 

predictions above 120 psi.  While this is the most conservative failure prediction, it was 

considered too conservative for the planned testing.  An 8 secondary core results in 

stress based failure prediction at 6810 psi.  Given the 60 psi design goal, this was 

selected as the best design to present acceptable design risk while representing a feasible 

retrofit option.  

Figure 13 shows a typical displacement plot for the retrofit seal subjected to an 80 psi 

peak blast pressure.  Local failure is shown at the edges of the individual blocks.  The 

entire seal is deflecting as a unit, with maximum deflection near the seal center.   

Figure 14 shows a typical stress plot of the polyurethane core.  High stresses in the 

polyurethane are shown where the core interfaces with the edges of the dry stacked 

blocks.   

Figure 15 shows a summary of the predicted blast performance for the baseline and 

retrofit seal configurations with increasing blast pressure.  Both seal models assume 8 

block thickness.  As indicated on the figure, potential crack initiation stress for the 

baseline seal at 7‟6” height is indicated at 3610 psi, while highly nonlinear deflections 

in the absence of fracture are evident above 40 psi.  The retrofit seal is predicted to 

potentially initiate fracture at 6810 psi, and shows highly nonlinear response at 120 psi.  

Based on these results, the dual core retrofit configuration was expected to survive 65 psi 

peak blast pressure testing at Lake Lynn with low risk. 



 

 

37 

 

7 Comparing Model Predictions to Full Scale Test Results, Retrofit of Micon 550 

Seal 

The retrofit seal configuration with 8 secondary core and polyurea coating was installed 

and tested at Lake Lynn mines.  The seal performed as predicted, and survived a peak 

blast pressure of 78 psi.  There was a release of the interface between the seal and the 

mine floor, but the Lake Lynn installation had much less mechanical interlocking at the 

floor than a typical mine installation.  There was no significant seal leakage after the test.  

A restraining angle iron was installed on the floor at the out-by side of the seal after the 

first test, and a second test was completed at peak pressure of 84 psi.  Again, the seal 

survived without significant leakage. 

The rise time for the blast pressure profile of the Lake Lynn testing was faster than the 10 

mS rise time which was used for baseline simulations.  Baseline simulations were based 

on smoothed blast data from LLEM. The following sections describe the actual blast 

signal, and the effect on model predictions. 

7.1 Differences in Lake Lynn Blast Pressure Profile versus Assumed Triangular 

Wave 

Full scale underground blast testing of the retrofit seal was completed at Lake Lynn.  The 

rise time for the test pressure pulse (<2 mS) was much faster than previous analysis 

assumptions (10 mS), resulting in a higher initial blast impulse than anticipated.   

For the blast load on the mine seal, the seal dynamic response is governed primarily by 

the first mode of the seal.  This is due to two factors:  1) the first mode shape of the seal 

is similar to the deformed shape of a pressure loaded seal, so there is high modal coupling 

between the seal first mode and the blast impulse load, and 2) displacements for a given 

dynamic load are inversely proportional to the square of the mode frequency, so higher 

frequency modes naturally have lower contribution to the seal total displacement.  

Therefore, insight into the expected seal response can be gained by representing the seal 

dynamic response as a simple sine wave with frequency equal to the first mode 

frequency. 

The frequency of the first mode of the retrofit seal is 65 Hz.  If the seal dynamic response 

is represented as a simple sine wave which cycles through one period in 15 mS (1/65 Hz), 

the maximum displacement energy for a blast impulse is imparted to the seal during the 

first 7.5 mS when the sine wave is positive, the pressure reaches its maximum value, and 

the displacement and pressure load are acting in the same direction.  Therefore, the total 

blast impulsive load which is imparted to the seal during the first 7.5 mS is critical to 

correctly predict the seal dynamic response. 
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Original model predictions assumed a 10 mS rise time for the blast pressure, followed by 

a 150 mS linear decay.  As previously described, this time domain profile was based on 

blast curves which were provided from previous retrofit mine seal testing.  After 

completion of the PPG tests, a clarification was given explaining that the previously 

provided blast profiles were from smoothed data. Unsmoothed and smoothed data were 

given to PPG by NIOSH in a data disc early in the project. The time domain profile of the 

blast pressure does not significantly affect the comparative design studies between 

different seal options, but it does significantly affect the absolute value of the predicted 

failure pressure.  Figure 16 shows a comparison of the baseline linear model pressure 

with 10 mS rise time compared to the actual test results for the PPG retrofit seal NIOSH 

test 523.  The test results show a <2 mS rise time and transient peak pressure of 78 psi, 

compared to 10 mS rise time and 60 psi peak pressure of the model.  

The pressure impulse is calculated as the area under the curve of the pressure-time plot.  

Due to the rapid rise rate of the test pressure, the initial test pressure impulse is 

significantly larger than the original model assumptions using 10 mS linear rise.  For 

longer time data, the test and model pressure impulse become similar as the contribution 

of the early rise time becomes a progressively smaller proportion of the total impulse.  

Figure 17 shows the ratio of the test impulse to baseline model impulse as a function of 

time for test 523.  Using the sine wave estimate of the seal dynamic response, the test 

impulse is 2X higher than the baseline model assumption at the critical half period time. 

7.2 Updated Model Predictions using Lake Lynn Blast Profile 

In order to estimate the effect of the faster pressure rise time in the models, a series of 

simulations were completed with both the baseline Micon 550 seal and the PPG retrofit 

using a 1 mS pressure rise time, and linear pressure decay.  Figure 18 and Figure 19 show 

the pressure versus time plots for the baseline and modified model inputs, respectively.  

For the first 7.5 mS (half period) of the seal response, the modified pressure input results 

in a factor of 1.8 increase in pressure impulse.   

As with previous simulations, the mine seal models were run with incrementally 

increasing peak pressure to assess the change in predicted maximum stress and deflection 

with increasing blast pressure.  The blast time was held constant for all simulations, so 

the impulse of the simulations scales linearly with the peak pressure.  A stress based 

failure is assumed at the blast pressure where a large enough zone of the polyurethane 

core has yielded to potentially initiate a failure crack.  Increasing pressure was also 

applied to the model beyond the stress based failure pressure, to assess the pressure at 

which the deformation becomes nonlinear.  The crack initiation pressure represents a 
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conservative estimate of seal failure, while the nonlinear displacement versus pressure is 

less conservative. 

Figure 20 shows a comparison of the predicted seal response for the baseline versus high 

rise rate pressure profiles.  Results are shown for both the baseline Micon 550 seal and 

PPG retrofit seal.  As indicated on the figure, potential crack initiation stress for the 

baseline seal at 7‟6” height with the new pressure profile is indicated at 3010 psi, while 

highly nonlinear deflections in the absence of fracture are evident above 40 psi.  The 

retrofit seal is predicted to potentially initiate fracture at 6510 psi, and shows highly 

nonlinear response above 85 psi.  Based on these results the dual core retrofit 

configuration is predicted to survive 65 psi peak blast pressure testing at Lake Lynn, but 

with lower design margin than previous analyses using 10 mS pressure rise time. 

The completed analyses provide credible prediction of the full scale seal performance.  

Although the test seal adhesion to the floor released during testing, the retrofit seal 

survived the blast pressure as predicted by the models.  Additionally, the analyses show 

the potential sensitivity of the seal performance to changes in the pressure rise rate.  This 

underlines the importance of fully quantifying the expected blast pressure time history 

when assessing seal design performance. 

7.3 Comparing Predicted Displacements to Test Results 

As previously described, the test hardware released from the floor at the floor joint and 

displaced plastically an inch or more.  As seen in Figure 20, the model predictions are 

relatively linear below 100 psi peak pressure.  Therefore, the model and test data 

displacements can be compared for the linear portion of the displacement, but are not 

meaningful once the test hardware releases from the floor and begins to deform 

nonlinearly. 

Figure 21 shows a comparison of model and test displacements versus time.  The model 

and test results are shown to match closely during the relatively linear portion of the 

displacement.  The time of peak displacement for the model corresponds almost 

identically to the change in slope in the test results from a linear response to presumed 

nonlinear sliding.  Based on these results, the dynamic response of the model matches the 

test data very well.   

8 Model Predictions, Alternate Seal with Polyurea Coating 

After analysis and testing of the baseline seal, the validated analysis methods were 

applied to an alternate seal configuration to assess the expected design performance using 

the polyurea coating on a different seal design.  The alternate seal for analysis was 

selected by PPG and approved by NIOSH, and is shown in Figure 22.  The unmodified 
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seal is an MSHA approved 50 psi concrete block seal (#50-75.336.1.07.01.0). Block and 

mortar strengths used in the analysis were based on required strengths from the 50 psi 

concrete block seal specification. 

A ¼ symmetry model of the unmodified alternate seal was developed, including explicit 

simulation of each block and mortar joint.  Figure 23 shows the baseline finite element 

mesh.  Figure 24 shows the mortar joints of the mesh.  Explicit simulation of the mortar 

joints is important to properly predict potential failure propagation along the mortar 

joints, which have 33% lower strength than the blocks.  As with the baseline 550 model, 

the pressure was applied on the inboard face as a triangular wave with 10 ms rise time, 

150 ms decay time, and varying peak pressure for linearly scaling impulse.  The 

boundary conditions at the floor and wall were assumed fixed.  Failure criteria and 

element erosion were disabled for the first several rows of elements near the boundaries, 

to prevent prediction of unrealistic failure modes near the fixed boundaries. 

Since the alternate seal is all concrete blocks and mortar, there is no gradual change in the 

performance with increasing pressure as is seen in the baseline 550 displacement versus 

pressure plots, i.e.; the failure is more brittle and instantaneous.  Therefore, a failure 

criterion for the alternate seal was selected wherein a crack which penetrates the entire 

thickness of the seal is considered a failure, since it is assumed that a fully cracked seal 

will no longer meet leakage requirements. 

Figure 25 shows the predicted cracking in the alternate seal with increasing peak blast 

pressure for 60, 70, and 80 psi blast.  The cracks occur in the model when the stress 

exceeds the confined compression strength of the block or mortar.  The mortar 

unconfined compressive strength (1800 psi) is lower than the block strength (2400 psi), 

so most of the cracking occurs along the mortar joints.  A crack is shown to exist for the 

60 psi blast, but the crack does not penetrate the entire thickness of the seal.  The 70 psi 

blast results show a crack which penetrates the entire seal thickness, but the seal is still 

intact.  The 80 psi results show a crack which penetrates the entire thickness, and a 

significant portion of the seal has failed along the mortar joints.  Based on these model 

results, a peak failure blast pressure of 7010 psi is predicted for the uncoated seal. 

A ¼” thick polyurea coating was added to the non-blast side of the model, and the 

analyses were repeated with identical blast loads.  For the coated seal, no failure mode 

was predicted by the models wherein a large section of the seal dislodged at high 

pressures similar to the 80 psi uncoated condition.  Therefore, failure was estimated when 

sufficient cracks exist through the seal thickness to expect the blocks to dislodge and 

potentially fail the polyurea coating leakage capability.  This is the most conservative 

estimate of coating failure.  As shown in Figure 26, the seal has no through cracks at 70 

psi, has no cracks through the coating and relatively small displacements near the partial 
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cracks at 90 psi, and begins to show proportionally larger displacements near the 

boundaries and cracks for a 110 psi blast.  Using these results, a minimum sustainable 

blast pressure of 90 psi peak is predicted for the coated seal, resulting in a 40 psi 

improvement over the nominal 50 psi rating with the coating. 

9 Conclusions 

Modeling and testing have been completed which demonstrate the effectiveness of PPG 

polyurea coating to improve the survivability of mine seal structures in a blast 

environment.  The completed analysis and testing of the retrofit for the Micon 550 seal 

show good agreement between model predictions and testing.  Performance improvement 

of greater than 60 psi over the baseline seal qualified pressure and greater than 40 psi 

over the predicted baseline seal performance were shown by the models and 

demonstrated via testing with the retrofit design.  An alternate seal was also analyzed and 

showed a minimum 40 psi improvement using coating only. 
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Figure 1.  ARL/PSU ¼ Symmetry Finite Element Model of PPG/AFRL CMU Wall 

Subject to Above Ground Blast Loads.  Individual CMU Blocks and Mortar Joints 

Explicitly Modeled 

 

Figure 2.  ARL/PSU ¼ Symmetry Model Prediction of CMU Wall with Polyurea Coating 

Subject to Blast Load 
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Figure 3.  Comparing Explicit FEA Model Predictions to Test Results for AFRL CMU 

Wall with Polyurea Coating 
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Figure 4.  Finite Element Model of Micon 550 Seal, ¼ Symmetry Model.  Each Block 

Individually Modeled with Nonlinear Contact Between Adjacent Blocks.  Blocks Bonded 

to Face of Polyurethane Core. 
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Figure 5.  Comparing Model Triangular Pressure Pulse Shape with Smoothed Test Data 

from Lake Lynn (ref 1).  Varying Peak Pressure Used for Simulations 
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Figure 6.  Finite Element Model of Hydrostatic Test Configuration, Micon 550 Seal, 1/2 

Symmetry Model. 
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Figure 7.  Typical Finite Element Result, Maximum Deflection, Hydrostatic Test 

Configuration, Micon 550 Seal, 1/2 Symmetry Model. 
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Figure 8.  Comparing Finite Element Results to Test Data, Centerline Deflection, 

Hydrostatic Test Configuration, Micon 550 Seal, 1/2 Symmetry Model. 
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Figure 9.  Micon Shear Test of Polyurethane Beam Specimen 
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Figure 10.  Comparing FEA Model Results and Test Data for Micon Shear Test, 

Nonlinear Contact Beam Specimen Model with Failure Criteria 
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Figure 11.  Polyurea Material Properties 
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Figure 12.  Finite Element Model of Retrofit Seal, 8x8x16 Block , ¼ Symmetry 

Model.  Each block individually modeled with nonlinear contact between adjacent blocks 

on pressure face (in-by) and interior wall.  Solid mortar joints assumed for exterior (out-

by) wall.  Blocks bonded to faces of polyurethane cores. 
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Figure 13.  Typical Retrofit Seal Configuration Seal Maximum Displacement with Local 

Block Failure, 80 psi Peak Blast Pressure (deformation scale exaggerated) 
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Figure 14.  Sufficient Stress Shown in Core to Potentially Initiate Core Cracking 
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Figure 15.  Mine seal FEA blast performance predictions, deflection versus peak blast 

pressure.  Arrows show peak blast pressure where seal core exceeds failure stresses in 

sufficient region to potentially initiate fracture of the seal core.  Curves show onset of 

large scale plastic deformation of the seal core if fracture does not occur. 
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Figure 16.  Comparing baseline linear model pressure pulse to actual test pressure for 

first 20 mS of NIOSH test 523. 

 

Figure 17.  Ratio of test 523 impulse to model impulse with 10 mS linear rise time. 
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Figure 18.  Original Model Pressure Inputs, 10 mS Rise Time, Varying Pressure Peak 
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Figure 19.  Revised Model Pressure Inputs, 1 mS Rise Time, Varying Pressure Peak 

Revised Model Pressure using Rapid Rise Rate
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Figure 20.  Comparing Predicted Seal Deflection versus Peak Blast pressure for Micon 

550 and PPG Retrofit Seals, Using 10 mS versus 1 mS Pressure Rise Rate.  Arrows show 

peak blast pressure where seal core exceeds failure stresses in sufficient region to 

potentially initiate fracture of the seal core.  Curves show onset of large scale plastic 

deformation of the seal core if fracture does not occur. 
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Figure 21.  Comparing Model Predicted Displacement to Test Results.  Model and test 

are expected to match closely until end of elastic response.  Seal base released from floor 

at this time, and model to test comparisons are not meaningful beyond this point. 
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Figure 22.  Alternate Seal Design for Analysis, 50 psi Seal 
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Figure 23.  Finite Element Model of Alternate Seal, ¼ Symmetry Model.  Each Block 

Individually Modeled in Prescribed Layup Orientation with Mortar Joints Explicitly 

Modeled Between Blocks. 
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Figure 24.  Finite Element Mesh of Alternate Seal Mortar Joints (1/4 symmetry) 
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Figure 25.  Failure Prediction of Uncoated Alternate Seal with Increasing Peak Blast 

Pressure.  First through thickness crack shown at 7010 psi blast peak pressure. 
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Figure 26.  Failure Prediction of Coated Alternate Seal with Increasing Peak Blast 

Pressure.  First through thickness crack shown at 90 psi blast peak pressure. 
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Appendix B 

 
Polyurea Coating Properties  

(Physical Properties, DMA, Flame Spread Test, and Toxic Gas Test) 
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Dynamic Mechanical Analysis (DMA) on Polyurea Coating 
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DMA Experimental Parameters 

TA Instruments Q800 Unit 

Mode:  Tensile Film 

Amplitude:  20 m 

Frequency:  1 Hz 

Clamping Force:  18 cNm 

Temperature Cycle:  -50 to 120°C 

Heating Rate:  3°C/min. 

Sample Dimensions: ~15 x 6.5 x film thickness (mm) 
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APPENDIX C 
 

MICON 550 Mine Seal Construction Description 
by 

C.A Hollerich & E.S. Weiss 

 

The MICON 550 seal with was constructed in A-drift between crosscuts 3 and 4 within 

the Lake Lynn Experimental Mine. The seal was constructed by:  George Watson, Ray 

Watson, and Josh Bagnell of Micon Mining and Steve Sawyer of Sawyer Engineering (a 

consultant with Micon Mining).  Jim Addis, Don Sellers, Frank Karnack, and Cindy 

Hollerich of NIOSH assisted with material mobilization/demobilization and 

documentation (April 15 thru May 6, 2008).  

 

 The Micon 550 seal was installed within A-drift of the Lake Lynn Experimental 

Mine (LLEM).  The ribs and roof of the LLEM consists of limestone and the floor 

consists of 8-in thick reinforced concrete.  

 Seal was constructed across A-drift at A-375 or approximately 16-ft 11-in inby 

crosscut 4. 

 Average entry dimensions at the seal location – 19.6-ft wide x 7.3-ft high. 

 Plug type seal - no hitching. 

 The seal was 32-in thick with a 16-in thick polyurethane/aggregate core.   

 To better simulate coal mine floor undulations, attempts were made to scrabble 

the reinforced concrete mine floor in A-drift using a CP drill with chipper bit.   

 Wedges were used under the first block course to make level; later these wedges 

were removed after the Roklok-70 high-density polyurethane foam was applied.  

The Roklok-70 is a two-component material consisting of Roklok BE-1002 ISO 

(GMID # 157171; Lot # WC1101BS15) and Roklok (TM) BG-2000 Polyol 

(GMID# 157679; Batch # WA3001BS08). 

 Construction of the back and front wall consisted of approximately 316, 8-in by 8-

in by 16-in solid-concrete blocks and 33 cut blocks (each wall was 12 courses 

high with 14-16 blocks per course).  The 8-in solid blocks weighed an average of 

65.5 lb.  Both walls were dry-stacked and separated by 16-in.  Wood wedges were 

used at each rib to tighten blocks in each course.  To fill the gap between the top 

block course and the mine roof, wood wedges and 13, 4-in by 8-in by 16-in half 

blocks (solid-concrete) were used.  

 After the back wall was completed, six full courses of the dry-stacked outby 

(front) wall were installed followed by a pyramid-style installation for the middle 

block for the remaining courses to the mine roof (this resulted in two openings 

through the front wall to allow for the stowing of the aggregate and the injection 

of the polyurethane; the pyramid-style on the front wall provided support to the 

front wall while still permitting the installation of the core).  A shop vacuum was 

used to remove dust from the strata and blocks within the core.  The opening in 
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the front wall on each course was filled with block as the height of the core 

increased.     

 A torpedo heater was used underground to ensure the temperature of the Roklok-

70 was at least 55ºF (with the heater, the temperature of the Roklok-70 prior to 

application was 67-68ºF).  

 Using a hydraulic twin set gear pump, Roklok-70 was injected between the two 

dry-stacked concrete block walls to cover the lower portion of the ribs, the first 

course of wall block, the floor, and under the first course of block as the gaps 

permitted.  Handfuls of gravel where then spread on the floor, and Roklok-70 was 

then used to cover this very thin gravel layer (the gravel was to be spread on the 

concrete floor prior to the application of the Roklok-70).  The wood wedges used 

under the first course of block for leveling purposes were removed after a short 

period of time (when the Roklok-70 hardened).  Roklok-70 continued to be used 

to coat the ribs and wall blocks as the core height increased.  A total of ~60 lb of 

Roklok-70 was used during the construction of the Micon 550 seal.   

 Five (5) buckets of TNT Trowel Pro Seal Mine Sealant 3839 (Pyro-Chem 

Corporation, South Point, OH) was applied (¼-in thick coating) to the inby side of 

the inby (back) wall.      

 For the first lift, seventeen (17) 50-lb buckets of washed and dried #57 river rock 

aggregate was spread on the first Roklok-70/aggregate thin lift on the floor.  

Using a hydraulic twin set gear pump, Seal Lok 120 was then pumped onto this 

aggregate lift.   

 A total of six (6) polyurethane/aggregate lifts were required to fill the core.  A 

total of 100 buckets (50 lb each) of washed and dried #57 river rock aggregate 

were used for this seal; seventeen (17) buckets per lift except for lifts 2 and 3 

which used sixteen (16) buckets.   

 Using a hydraulic twin set gear pump, approximately 1,815 lb of Seal Lok 120 (at 

a pumping rate of about 2.5 gals per minute) was required to complete the seal 

core.  As with the Roklok-70, a heater was used to ensure the temperature of the 

Seal Lok 120 was adequate.  Prior to pumping the Seal Lok 120, the material was 

heated to a temperature of 67-68ºF.  Seal Lok 120 is a two-component material 

consisting of Roklok BE-1000 Isocyanate (GMID # 157169; Lot # 

WD0301BS09) and Roklok BG-2001 Polyol (GMID # 157680; Lot # 

WD0301BS10). 

 The density of the polyurethane/aggregate core was calculated to be 

approximately 35.7 lb/ft
3
 (based on a core volume of ~190.8 ft

3
 and the weights of 

the materials used).  

 Jam rods (total of 6) were used along the roof / block interface to inject additional 

Seal Lok 120 into the core under pressure to better ensure complete closure to the 

roof; this process was initiated after allowing the core a short set period. 

 Sealant was not used on the outby side of the outby (front) wall since it would 

have been necessary to then remove the sealant prior to the installation of the PPG 

retrofit.  

 The mine temperature ranged from 55-62ºF and relative humidity ranged from 38-
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100% during the seal construction period.  

 The construction of Micon 550 seal required approximately 129 worker-hr or 6-½ 

days to complete.   
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APPENDIX D 

 
MICON 550 Technical Bulletin 
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Appendix E 

 
Material Data Safety Sheet (MSDS) and 

Technical Data Sheets for Construction Materials 
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Appendix F 

 
Polyurea Coating for Mine Seal Trial 

Industrial Hygiene Sampling Report 
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Appendix G 
 

Polyurea Retrofit Construction Details 
By 

C.A Hollerich & E.S. Weiss 

 

The Polyurea retrofit was constructed by: George Watson, Ray Watson, and Josh Bagnell 

of Micon Mining and George Yakulis, Howard Senkfor, Ed Millero, and Michael 

Rectenwald of PPG Industries.  Jim Addis, Don Sellers, Frank Karnack and Cindy 

Hollerich of NIOSH assisted with mobilization/demobilization and documentation (May 

5 thru May 7, 2008).  

 The Micon 550 seal and the PPG Industries‟ polyurea retrofit system were 

installed within A-drift of the Lake Lynn Experimental Mine (LLEM).  The ribs 

and roof of the LLEM consists of limestone and the floor consists of 8-in thick 

reinforced concrete.  

 Average dimensions of the Micon 550 seal – 19.6-ft wide x 7.3-ft high (refer to 

the May 30, 2008 Micon 550 seal construction document for details on that seal). 

 To better simulate coal mine floor and rib undulations, attempts were made to 

scrabble the reinforced concrete mine floor and the concrete abutment on the left 

inby rib in A-drift using a CP drill with chipper bit.   

 Wedges were used under the 1
st
 block course to make level; later these wedges 

were removed after the Roklok-70 high-density polyurethane foam was applied. 

 The Roklok-70 and Seal Lok 120 were heated in the mine (torpedo heater) to 67-

68ºF prior to application.  The Roklok-70 is a two-component material consisting 

of Roklok BE-1002 ISO (GMID # 157171; Lot # WC1101BS15) and Roklok 

(TM) BG-2000 Polyol (GMID# 157679; Batch # WA3001BS08). 

 A concrete-block wall (herein referred to as the retrofit block wall) was installed 

approximately 8-in outby the Micon 550 seal.  A total of 151, 8-in by 8-in by 16-

in full solid blocks and 28 cut blocks were used (12 courses high with 14-16 

blocks per course).  The 8-in solid blocks weighed an average of 65.5 lb.  Roklok-

70 was used on the sides and bottom of each block before setting the block in 

place.  Wood wedges were used at each rib to tighten the block in each course.  

To fill the gap between the top full block course and the mine roof, wood wedges 

and 33 half blocks (4-in by 8-in by 16-in solids) and 6 partial blocks were used.    

 After the first three full block courses were installed, a shop vacuum was used to 

remove dust from the floor, ribs, and blocks within this 8-in thick core.  The 

remaining block courses were added as needed as the height of the polyurethane-

only core increased.   

 Handfuls of gravel were first spread on the concrete mine floor.  Then using a 

hydraulic twin set gear pump, Roklok-70 was injected into the 8-in gap (~95 ft
3
 

void volume) between the Micon 550 seal and the retrofit block wall to cover the 

lower portion of the ribs, the first three courses of wall block, the thinly graveled 
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floor, and under the first course of block as the gaps permitted.  The wood wedges 

used under the first course of block for leveling purposes were then removed after 

a short period of time (when the Roklok-70 hardened).  Roklok-70 continued to 

be used to coat the ribs and wall blocks as the height of the retrofit block wall 

increased as the height of the polyurethane-only core increased.  A total of 

approximately 540 lb of Roklok-70 was used during the installation of the retrofit.  

 Using a hydraulic twin set gear pump, Seal Lok 120 (approximately 2.5 gals per 

minute) was injected into the 8-in gap between the Micon 550 seal and the retrofit 

block wall.  Seal Lok 120 is a two-component material consisting of Roklok BE-

1000 Isocyanate (GMID # 157169; Lot # WD0301BS09) and Roklok BG-2001 

Polyol (GMID # 157680; Lot # WD0301BS10).  Approximately 1,150 lb of Seal 

Lok 120 was used to fill this gap.  This calculates to a core density of 

approximately 12.1 lb/ft
3
.   

 Construction of the retrofit block wall and 8-in thick polyurethane-only core 

required approximately 32 worker-hr or 1.5 days to complete.   

 The excess Roklok-70 on the outby side of the retrofit block wall was then 

removed (scraped). 

 PPG personnel prepared the outby side of the retrofit block wall surface using 

duct tape (3M) along the perimeter void spaces and Cord Weatherstrip (caulking) 

to fill any voids between the blocks and between the blocks and strata.   

 Compressed air was then used to remove the dust from the retrofit block wall and 

the surrounding strata since a layer of dust will adversely affect the adhesion of 

the polyurea spray coating to the retrofit block wall and strata.   

 The polyurea is a two component mixture of Polyoxy Propylene - Mine Seal 

Wall-Up White (BDL-95617B; Lot # 3720-104) and the Clear Catalyst Hardener 

(CAT-137; Lot # 08-RAT-100-103) was then sprayed on the retrofit block wall 

(using a 600cc dual canister spray gun) with an approximately 8- to 12-in overlap 

to the perimeter strata.  The first coat of the spray-applied polyurea required 27 

canisters (cartridges) and approximately 45 minutes to complete.   

 A second polyurea coating was applied about 45 minutes later.  The second 

coating required 35 canisters (cartridges) and approximately 1 hour to complete.  

The total thickness of the polyurea (both coatings) was approximately 0.125-

0.150 in (3.2-3.8 mm).   

 Personal protective equipment (PPE) was required and worn during the polyurea 

spray application.  This PPE consisted of a full face shield, disposable coveralls, 

gloves, and boots.  A NIOSH-approved, positive pressure air-supplied respirator 

with the required organic vapor and particulate cartridges was worn during all 

polyurea spray applications and for a short period of time following the 

applications.     

 A fire retardant material (Speedhide Interior Fire Retardant Flat-Latex White 42-

7, manufactured by Pittsburgh Paints) was then applied to the polyurea coated 

retrofit block wall and perimeter strata about an hour after the completion of the 

second polyurea coating.  The fire retardant material was applied with paint 

brushes and paint rollers.  A total of two (2) gallons of fire retardant material was 
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used and required approximately 45 minutes to complete.  

 The mine temperature ranged from 58-59ºF and relative humidity ranged from 96-

99% during the retrofit construction period.   

 Application of the PPG Industries‟ polyurea and fire retardant coatings required 

approximately 22 worker-hr or 0.5 days to complete.   

 On May 19
th

 (following LLEM test #523), Ki and Micon personnel installed a 6-

in by 6-in by ½-thick steel angle (2, ~9-ft long sections) across the mine floor on 

the outby side of the PPG retrofit block wall.  The steel angle was secured to the 

mine floor through the use of 1-in diameter by 12-in long Dywidag resin bolts on 

12-in centers.  All gaps between the steel angle and seal were filled with 

BlocBond (a high-strength fiber-reinforced surface bonding cement manufactured 

by Quikrete Co., Atlanta, GA; product # 1225-51). 
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APPENDIX H 

 
Instructions for LLEM Explosion Tests 

* 
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APPENDIX I 
Pressure Data from LLEM Explosion Tests 

* 

 

Table H1. Maximum wall and seal pressures using Kinetic System data acquisition 

system during test 1 (LLEM Test #523) 

Wall Pressures in A-Drift 

Location Distance Pressure (Smoothed) Pressure (Actual) 

  Feet PSI PSI 

A-Drift 22 23.4 25.12 

A-Drift 81 23.39 26.18 

A-Drift 132 26.29 28.72 

A-Drift 183 23.82 25.28 

A-Drift 233 27.65 29.16 

A-Drift 283 33.51 37.48 

A-Drift 355 44.55 48.13 

A-Drift 453 0.71 1.14 

A-Drift 440 0.69 0.69 

A-Drift 649 0.69 0.69 

A-Drift 807 0.72 0.72 

Seal Pressures in A-Drift 

Location Distance Pressure (Smoothed) Pressure (Actual) 

  Feet PSI PSI 

Crosscut 3 305 40.01 40.01 

Retrofit Test Seal 375 60.58 78.51 

Data Collected with Kinetic Systems, Inc. data acquisition system 
Sampling rate of 5000 samples per second 

Smoothed data has been averaged over 51 points. 
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Table H2. Maximum wall and seal pressures using National Instruments Corp. data 

acquisition system during test 1 (LLEM Test #523) 

Wall Pressures in A-Drift 

Location Distance Pressure (Smoothed) Pressure (Actual) 

  Feet PSI PSI 

A-Drift 22 23.52 25.13 

A-Drift 81 23.55 26.2 

A-Drift 132 26.55 30.47 

A-Drift 183 23.97 25.63 

A-Drift 233 28.09 29.66 

A-Drift 283 34.11 38.06 

A-Drift 355 44.9 49.38 

A-Drift 453 0.42 1.23 

A-Drift 440 0.09 0.21 

A-Drift 649 0.14 0.28 

A-Drift 807 0.11 0.25 

Seal Pressures in A-Drift 

Location Distance Pressure (Smoothed) Pressure (Actual) 

  Feet PSI PSI 

Crosscut 3 305 33.69 38.03 

Retrofit Test Seal 375 60.39 69.63 

Data Collected with National Instruments Corp data acquisition system 

Sampling rate of 1500 samples per second 
Smoothed data has been averaged over 15 points. 
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Table H3. Maximum wall and seal pressures using Kinetic System data acquisition 

system during test 2 (LLEM Test #524) 

Wall Pressures in A-Drift 

Location Distance Pressure (Smoothed) Pressure (Actual) 

  Feet PSI PSI 

A-Drift 22 36.02 49.2 

A-Drift 81 31.07 32.43 

A-Drift 132 28.04 33.34 

A-Drift 183 26.74 30.4 

A-Drift 233 30.37 32.91 

A-Drift 283 35.4 38.56 

A-Drift 355 60.74 70.48 

A-Drift 453 0.67 0.67 

A-Drift 440 0.67 0.67 

A-Drift 649 0.67 0.68 

A-Drift 807 0.72 0.72 

Seal Pressures in A-Drift 

Location Distance Pressure (Smoothed) Pressure (Actual) 

  Feet PSI PSI 

Crosscut 3 305 36.27 40 

Retrofit Test Seal 375 70.03 84.43 

Data Collected with Kinetic Systems, Inc. data acquisition system 

Sampling rate of 5000 samples per second 
Smoothed data has been averaged over 51 points. 
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Table H4. Maximum wall and seal pressures using National Instruments Corp. data 

acquisition system during test 2 (LLEM Test #524) 

Wall Pressures in A-Drift 

Location Distance Pressure (Smoothed) Pressure (Actual) 

  Feet PSI PSI 

A-Drift 22 37.01 49.5 

A-Drift 81 31.92 32.39 

A-Drift 132 30.62 33.42 

A-Drift 183 27.61 30.45 

A-Drift 233 31.25 33.14 

A-Drift 283 37.9 38.45 

A-Drift 355 67.59 70.72 

A-Drift 453 0.14 0.45 

A-Drift 440 0.14 0.45 

A-Drift 649 0.09 0.38 

A-Drift 807 0.14 0.35 

Seal Pressures in A-Drift 

Location Distance Pressure (Smoothed) Pressure (Actual) 

  Feet PSI PSI 

Crosscut 3 305 37.44 38.51 

Retrofit Test Seal 375 73.41 84.62 

Data Collected with National Instruments Corp data acquisition system 

Sampling rate of 1500 samples per second 
Smoothed data has been averaged over 15 points. 

 

 

 

 

 

 

 

 


