
WHEN TRADITIONAL GROUND SUPPORT 
TECHNIQUES AREN'T ENOUGH -
CHEMICAL INJECTIONS CAN SOLVE 
COMPLEX PROBLEMS
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BACKGROUND
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• Injection of polyurethane (PUR) into mine and other 
underground civil structures has been ongoing for more 
than 50 years.

• Polyurethane is a two-component system (Parts A and B) 
that is injected into a borehole and can chemically bond to 
the rock, not relying on friction or mechanical interlock to 
provide support.

• Injection designs and materials traditionally have taken the 
“anything will work if you apply enough material” approach.
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ENGINEERING DESIGN PROCESS –USE 
THE CORRECT MATERIAL
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• A variety of grades/viscosities to suit numerous application situations.

• Low viscosity allowing good material penetration into small fissures.

• Excellent adhesive strengths forming strong bonds with the strata.

• Quick reaction times to reduce material migration and loss of material (this can 

be varied to optimize specific applications).

• Design material yielding to ground pressure, and accommodation of subsequent 

movements.

• High mechanical product resistance incorporated to improve support of the strata.

• Consolidate brittle and fractured wet and water bearing strata.

• Material designs to seal against water with hydrostatic pressure.
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VARIABLES THAT MUST BE CONSIDERED 
FOR POLYURETHANE INJECTIONS *
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• Location and characteristics (separations or rubblized) of fractures.

• The extent of the fracture zone – an estimation of total void space. 

• Injection pressure – proceed until a pre-determined injection pressure 
is achieved.  If back pressure is reached immediately or very quickly, 
further pumping may actually hydro-fracture the roof.

• Injection arrays – pumping patterns can have several configurations. 
A typical injection pattern for an intersection will have injection holes 
angled over ribs on 10-ft (3-m) centers spanning each crosscut in the 
intersection.

*Molinda, 2008     
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CASE STUDY
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• Coal mine in Southern West Virginia (Alma seam) – entries 
driven underneath predictable stream channel.

• Previous encounters presented difficult roof conditions and 
high volumes of water, which deteriorated roof and floor.

• Water inflows wash out softer materials and “lubricate” 
joints and laminations.

• Other preventative design elements executed – increase 
pillar length to reduce intersections.
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The immediate roof 

consisted of: 

• Thinly laminated grey 

shale with thickness of 

1-3 inches (25-75 mm). 

• Streaks of carbonaceous 

shale.

• 1-ft thick sandstone 

member 5 feet (1.6 m) 

from the roof line.
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EQUIPMENT AND MATERIALS
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SK 90 is a 

pneumatically-driven 

gear pump, requiring 

80 psi at 140 cfm 

(5.5 bar at 4000 lpm).

Gages on A and B 

side to monitor 

material flow and 

application pressure.
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EQUIPMENT AND MATERIALS
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Packer fitted in a pre-drilled 

hole of 1⅝-inch (40-mm) 

diameter – these were 

internal static mixers.

Packers were “set” at 

approximately 500 psi 

(34 bar).
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INJECTION
CHEMICAL.
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• CarboPur WS (water stoppage). 

• Low- to ultra-foaming. 

• Used to consolidate and seal in 

all types of ground conditions 

(high water inflow).
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Four injection holes were placed on 

approximately 4-ft (1.25-m) spacing and 

drilled 8 feet (2.5 m) deep. 

A pumping pressure of approximately 

1200 psi (83 bar) was selected.

Center holes were injected first and 

approximately 10 gallons of material were 

pumped into each hole until the pressure 

reached 1200 psi (83 bar).

Then outside holes were pumped, also 

accepting 10 gallons/hole and reaching the 

design pressure of 1200 psi (83 bar).

The water quit running and there was a 

“show” of PUR slightly flowing from the 

fractures.
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Water was freely flowing from the 

fractured roof and adjacent boreholes.

The area was injected, using “inside-out” 

protocol, with each hole accepting about 

10 gallons (38 liters) of material and 

reaching a pressure of about 1200 psi 

(83 bar).
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Hooking up Opening value 3 seconds later
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A total of 300 gallons (1135 liters) 

were injected to move the water and 

reinforce the immediate roof. 

Once a routine was safely 

established, it was just a matter of 

moving from hole to hole, observing 

gage pressures and flow volumes.

The area remains “dry” and no RC 

issues have occurred – additional 

entries will be injected when stream 

channels are undermined.
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DISCUSSION
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• PUR injection is more suitable for reinforcing and moving 
water inflows in fractured rock masses.

• Every injection job is different – ground control experience 
is critical to pre-determine roof features and design.

• Pre-drilling holes minimizes downtime – if possible, drill 
holes as the “water moves” [place holes where you need 
them as you progress].

• The goal is not to “fill” the entire roof, BUT to be an 
alternative for “beam-building” by increasing the strength of 
the fractured zone.
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