




















Two Types of Sinkholes











Pop Quiz #1   Geology and Hydrogeology  

What is the correct name for stormwater 
recharging into the underlying epikarst 
bedrock through swallets or karstic 
openings?

a.   Sink-point loss?

b. Stormwater infiltration?

c. Karst-loss?

d. All of the above?







Geotechnical Considerations

Pilot Hole Program

– Evaluate epikarst quality and capacity

• Minimum ratio of rock skeleton to void space 
from drilling logs 

• Sufficient void space to accept drainage

• Erosion of overburden soils (groundwater levels 
during water capacity testing)













Injection  Capacity Testing
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Gravity Drain Design & Installation
• Gravity Drain System Components

– 12-inch blank casing through 
overburden

– Mechanical seal at manhole
– Grout seal through overburden
– Cement basket
– Stainless steel well screen through 

epikarst
– Piezometer adjacent to drain

• System Goals
– Limit vertical infiltration 
– Limit overburden scouring/piping
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Construction Details and Specifications

Piezometer  
Construction

– Temporary 
casing 
installation

– 2-inch PVC 
blank and 
slotted sections

– Shale trap and 
bentonite seal

– Annular space 
grouting



Construction Details and Specifications

Manhole Construction
And Injection Well Head 
Design
• Water tight joints
• Rigid connection
• CIP manhole base
• Backfill requirements



Pop Quiz #2   The Main Causes of Sinkholes in 
Karst Terrain

What are the 5 main factors causing 
sinkholes?  (according to Newton/USGS)
a. Collapsing limestone, gravity, rainfall, 

leaking pipes, thin soil
b. Conduit flow, karst openings, karst loss, 

soil piping, water table fluctuation 
c. Rodent holes, rainstorms, cracked 

pavement, torn liners, quarries
d. All of the above





Injection Well Manhole -
Interior Detail
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Water Quality Monitoring Well 
Design & Installation

• Water Quality Monitoring Well 
Location Selection
– Representative groundwater inflow 

and outflow
• Well Construction

– Low flow sampling  (less sediment 
disturbance)

– Pump positioning (dedicated 
equipment)
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Pre-Treatment of Injected Water

• Operations and Maintenance
– Street Sweeping
– Spill Control

• Pre-recharge Treatment
– Vortech units
– Settling basin
– Gravity drain riser/screen
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Automated 
Remote 
Monitoring 
Hardware



Treated Stormwater

Warning level

Alarm level
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December 2010 through August 2016

6.05 inches

12.9 
inches

7.28 inches

Hurricane
Irene and 
Tropical 
Storm Lee

10.54 inches

Tropical 
Storm Isaac

12.2 inches





• A very successful 6 years
• About 300 million gallons disposed of; ~ 920       

acre-feet, with no sinkholes having formed 
• Injection capacity continues undiminished
• Injection wells, with stainless screens, continue to 

perform as designed; occasional cleanout required  
• Injection rate maximum 10,100 gpm; typical 1,600 
gpm injection rate

• Automated remote monitoring system for water 
table level and flow-rate to the injection well field  
has enabled maximum injection rate while 
controlling the water table level, and sinkhole risk



Pop Quiz #3  Class V Injection Well Permitting

What are the main steps towards permitting 
of Class V injection wells in PA?
a. Township and PADEP application-only 
b. NPDES application with PADEP, and 

USEPA notification and registration 
c. USEPA permitting only, because PA is not 

a Primacy State and therefore has no 
authority

d. None of the above
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1120.

2011. Hydrogeologic Testing, Engineering, and Start-up of a Gravity
Drain System. Proceedings of the 2011 Pennsylvania Sustainability
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2013. Proven Viability of a Multi-Well Gravity Drain System During 3
Years of Stormwater Injection. VUSP Stormwater Management
Symposium, Villanova University, Pennsylvania.

2014. Demonstrated and Conceptual Compatibility of Deep Stormwater
Injection Well Use with Geotechnical Construction and Land
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2016. Six Years of Stormwater Injection Well Use in King of Prussia, PA.
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Questions?
Thoughts?


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	 
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Geotechnical Considerations
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Gravity Drain Design & Installation
	Construction Details and Specifications
	Construction Details and Specifications
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Water Quality Monitoring Well Design & Installation
	 Pre-Treatment of Injected Water
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Publications and Guidance
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53

