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Injection Well Relationship to USDWs

Class I wells must
inject below all USDWs



States With Class I Injection Wells
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Class I Well Siting
• Just because a State or EPA has UIC 

regulations a Class I well can’t be 
constructed everywhere in the U.S.

• A permit/petition reviewer must evaluate:
– Geology
– Injection zone/interval properties
– Area of review
– Seismic activity (hazardous wells)



Geologic Maps



Injection Zone/Interval



Injection Reservoir Properties



Well
Cores in 
Aluminum
Core
Barrel



Area of Review



Seismic Hazards Map



USGS 2018  Earthquake Map Including Induced Seismicity



Injection 
Well 
Technology

1st Step: 
Surface 
Casing



2nd Step: 
Long-
String 
Casing



Installing Casing



Casing with Centralizer



Cementing Operation 





Casing 
Cementing
Operations



3rd Step: 
Tubing 
and 
Packer



Tubing and 
Packers



Running a Packer



Packer
Installed in
Casing



Class I Well Construction

Wellhead

Gauge measuring
Injection pressure
Waste influent

Gauge measuring
Annulus pressure
Conductor casing

Surface casing
Cement

Protection casing

Injection tubing

Fluid-filled pressurized annulus
Packer
Perforations

Cement

Base of USDW

Confining Zone

Injection Zone



Perforating



Running a Well Screen



Well Screens



Screen and
Gravel Pack
Completion





Wellhead
Showing
Tubing and
Casing 
Hangers



Deep Well
Safeguards
Monitoring injection 
pressure and flow rate 
helps ensure peak 
efficiency and 
regulatory compliance

Double barriers of concrete 
and steel protect drinking 
water

Pressurized annulus fluid is 
monitored 24 hours a day to 
protect against leaks

Protective concrete 
and steel barriers 
continue to protect 
the injection zone

Impermeable rock, up to 
several hundred feet thick, 
prevents upward flow of 
wastes

Waste solution is 
sealed in the injection 
zone, much like oil 
and gas deposits are 
trapped for millions of 
years

Over time, wastes are 
neutralized or reduced in 
hazard by the forces of 
nature





Sidetracked Well



































Class I 
Municipal
Wells



Florida Class I Well Locations



Florida Class I Injection Wells by Type
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Florida Class I Wells Annual Flow

Annual Average Daily Flow to Class I Injection Wells - 2008 

Combination

Hazardous

Industrial

Municipal

RO

Municipal 89.28%

Industrial 1.03%

Hazardous 0.06%
Combination 3.03%

RO  6.6%

Total: 423.43 MGD


Chart1

		Combination

		Hazardous

		Industrial

		Municipal

		RO



Municipal 89.28%
     378.03 MGD

Industrial 1.03%
     4.37 MGD

Hazardous 0.06%
       0.24 MGD

Combination 3.03%
       12.82 MGD

RO  6.6%
  27.97 MGD

Total: 423.43 MGD

Column2

Annual Average Daily Flow to Class I Injection Wells - 2008
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				To resize chart data range, drag lower right corner of range.







General Class I Design SE Florida 



General Class I Design 
St. Petersburg





Florida Class I Facility 
Monitor Well Designs
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St. Petersburg SW Water Reclamation Facility



St. Petersburg Water Reclamation 
Facility Treatment Process





Installing 
Fiberglass 
Tubing





Injection 
Well 
Packer















Drinking Water Treatment Residual 
Disposal Wells

• Residuals may be generated by the following water 
treatment processes:

• Presedimentation  
• Coagulation, flocculation, and sedimentation 
• Precipitative softening
• Filtration, microfiltration, and ultrafiltration 
• Membrane desalination 
• Ion exchange
• Activated carbon (adsorption process) 

From EPA publication EPA 820-R-11-003, Drinking Water Treatment Plant Residuals 
Management Technical Report, September 2011   



Desalination and Nanofiltration 
Concentrate Injection Wells

• Associated with drinking water plants
• Membrane technology
• Desalination; for use with high salinity source waters

– Reverse Osmosis
• Nanofiltration; for use with mildly brackish source 

waters or to remove organic material, soften water, 
etc.

• Lower injection pressures than municipal wells
• Often are used 24/7 if there is no other drinking water 

source



Potential Concentrate Issues

• pH extremes
• Corrosivity (brackish and salt water)
• Scale forming
• Suspended solids
• Bacterial activity/biofouling
• Chemical imbalances between injectate 

and formation water



Well Plugging

Locations subject to well plugging
– Piping from water source to wellhead
– Inside of injection tubing/casing
– Injection zone pore space



Precipitate Buildup in 
Injectate Piping System



Precipitate Buildup in Injectate 
Piping System



Precipitate Buildup in Injectate 
Piping System



Well Head Injection Pressure 
Response to Plugging



Class I Well
Hazardous and Nonhazardous Summary

Well Requirements Nonhazardous Hazardous
AoR (Area of Review) ¼ mile 2 miles

Casing and Cement Prevent fluid 
movement into or 
between USDWs

Surface and 
longstring cemented 
to the surface

Tubing and Packer Required except for 
municipal wells

Required

Injection Pressure Below fracture 
pressure

Below fracture 
pressure

Annulus Pressure Approved by 
director

Exceeds injection 
pressure

MIT
(Mechanical Integrity Test)

Every 5 years Annually or workover



Class I Well
Hazardous and Nonhazardous Summary

Well Requirements Nonhazardous Hazardous
Borehole Fluid Movement Every 5 years Every 5 years

RAT (Radioactive Tracer) Not required Annually bottomhole

Casing Inspection Log Not required At Director discretion
every 5 years or 
during workover

Continuous Monitoring
(inj pr, rate & vol, & ann pr)

Yes Yes, plus injection 
fluid temperature

Automatic Alarm and 
shut-off system

Not required Required

Continuous Corrosion 
Monitoring

Not required Required

Falloff Tests Annually Annually



Types of Class I Inspections
• Construction

– Open hole logging of the well
– Running casing and cementing
– Running tubing and packer
– Perforating or gravel pack installation

• Mechanical Integrity (MIT)
– Annulus pressure test
– Radioactive tracer test
– Temperature log

• Ambient Monitoring
– Pressure falloff test
– Monitoring well sampling

• Compliance
– Records review
– Examination of wellhead and surface equipment

• Workover
– Well repair
– Well treating/stimulation

• Plugging
– Observe final MIT testing
– Observe setting of plugs

















Hazardous Waste
• Hazardous waste is managed under the Resource 

Conservation and Recovery Act (RCRA) authority
• Characteristic Waste – A waste that exhibits any of the 

characteristics listed in 40 CFR 261 Subpart C which 
are:
– Ignitability

• EPA Waste Code D001
– Corrosivity (2≥pH≥12.5)

• EPA Waste Code D002
– Reactivity

• Reacts violently with water (explosive)
• EPA Waste Code D003

– Toxicity
• Exhibits toxicity when tested by the Toxicity Characteristic 

Leaching Procedure (TCLP) or (TC)
• Numerous EPA Waste Codes (e.g., Arsenic D004, Lead D008, 

Mercury D009, Silver D011, and Benzene D018)



Hazardous Waste
• Listed Hazardous Waste– A waste that is 

specifically listed in 40 CFR Part 261, Subpart D.

• Mixture Rule– Any waste that is mixed with a 
listed hazardous waste becomes hazardous and 
any waste mixed with a characteristic hazardous 
waste is hazardous if the resultant mixture is still 
characteristically hazardous.



Land Disposal Restrictions
• RCRA §3004(k) prohibits land disposal of untreated 

waste in:

• Regulate liquid hazardous waste or free liquids 
associated with the treatment of hazardous waste

–Salt dome
–Salt bed formation
–Underground mine
–Cave

–Landfills
–Surface impoundments
–Waste piles
–Injection wells
–Land treatment facility



No Migration
• RCRA 1984 HSWA amendments 

banned the land disposal (including 
injection) of hazardous waste, unless:
– The waste is treated to meet specific 

concentration or technology-based 
standards or

– The hazardous waste is disposed of in a 
land disposal unit that has an approved 
“no migration” petition



No Migration
Petition Review

 Engineer/Geologist team review
 Local and regional geology are reviewed
 Mathematical waste movement and pressure buildup 

models evaluated
 Artificial penetrations are reviewed
 Forty-five day public comment period (since hazardous 

waste) for proposed approval – public notice published 
in local paper and mailed to adjacent landowners, local 
officials, and other government agencies

 Public hearing held locally if there is significant public 
interest (30 day notice of any hearing)

 Final approval notice published in Federal Register



1
2%

8
19%

32
74%

2
5%

Active No Migration Petitions

4
5
6
7

Region



-4200

-4100

1 Mile

Shallow
er












































































- 4200

- 4100

Shallower











































































































































































































1 Mile















1000 years

-4200

-4100

1 Mile

Shallow
er


















































































  1000 years

- 4200

- 4100

Shallower































































































































































































































1 Mile















2000 years

-4200

-4100

1 Mile

Shallow
er


















































































  2000 years

- 4200

- 4100

Shallower



































































































































































































































1 Mile















3000 years

-4200

-4100

1 Mile

Shallow
er




















































































  3000 years

- 4200

- 4100

Shallower



















































































































































































































1 Mile















4000 years

-4200

-4100

1 Mile

Shallow
er


















































































  4000 years

- 4200

- 4100

Shallower















































































































































































































1 Mile















5000 years

-4200

-4100

1 Mile

Shallow
er




















































































  5000 years

- 4200

- 4100

Shallower



















































































































































































































1 Mile















6000 years

-4200

-4100

1 Mile

Shallow
er






















































































  6000 years

- 4200

- 4100

Shallower









































































































































































































































1 Mile















7000 years

-4200

-4100

1 Mile

Shallow
er
























































































  7000 years

- 4200

- 4100

Shallower











































































































































































































































1 Mile















8000 years

-4200

-4100

1 Mile

Shallow
er




























































































  8000 years

- 4200

- 4100

Shallower

























































































































































































































1 Mile















9000 years

-4200

-4100

1 Mile

Shallow
er






























































































  9000 years

- 4200

- 4100

Shallower















































































































































































































































1 Mile















10,000 years

- 4200



Petition Compliance
• Facility is in compliance with their petition approval 

conditions – EPA performs petition compliance 
inspections to ensure that facility is in compliance 
with these conditions

• Annual falloff testing analysis indicates that approved 
petition modeling input parameters and pressure 
buildup projections are still conservative

• Annual radioactive tracer survey documents that all 
hazardous waste is being emplaced in the injection 
interval and the bottomhole cement has no channels
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