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Introduction

Oil & Gas activities have the potential to adversely affect water
resources and the environment in general. Recent debate,
particularly around coal bed methane (CBM), has often not been
scientifically based and has been coloured by experiences in the
USA.

When investigating complaints of impact to water resources, it is
critically important to put the collected data into context (look at the
“big picture”).



Outline

PART I

Scientifically examine the perceived and potential effects of Oil & 
Gas resource activity on water.

PART IIPART II

Describe an holistic approach to water well complaints.



PART I

Potential effects of Oil & Gas on Water Quantity

1) Drop in Well Yield

2) Drop in Water Level

Potential effects of Oil & Gas on Water QualityPotential effects of Oil & Gas on Water Quality

1) Presence of Gas in Water Well

2) Presence of Bacteria/Odour/Taste Deterioration

3) Chemical Contamination

4) Sediment in the Water



Potential effects of Oil & Gas on Water Quantity

Loss in Water Well Yield

During Oil & Gas drilling operations drilling fluids (mud or water) are used to
hold the hole open. Under certain circumstances it is possible for this
fluid to be lost to the formation (lost circulation). This fluid has the
potential to cause loss of water yield in nearby water wells by plugging
some of the water permeability of the aquifer.



Potential effects of Oil & Gas on Water Quantity

Loss in Water Well Yield (cont.)

Oil & Gas drilling activities are unlikely to effect water well yield but
extenuating factors include:

• Very close proximity to a water well (a few metres)

• Highly porous aquifer (particularly coarse sand or gravel aquifers)

• Large fractures or karstic bedrock



Potential effects of Oil & Gas on Water Quantity

Loss in Water Well Yield (cont.)

Other possible causes:

• Incomplete development of the water well causing plugging of the
well screen

• Deterioration of the casing (rusting and perforation) or water well
screen (collapse) causing fines to block the aquifer or screen

• Mineral precipitation and biofouling on the water well screen• Mineral precipitation and biofouling on the water well screen
blocking open area of screen



Potential effects of Oil & Gas on Water Quantity

Drop in Water Level

Oil & Gas activities (production) has the potential to cause a drop in water
levels in surrounding water wells or dugouts. Three types are
considered:

a) Removal of water (produced water) 

b) Increased leakage from overlying aquifers.

c) Decreased discharge to surface water bodies.



Scenario a
The removal of groundwater from an aquifer causes a drawdown cone to extend
away from the CBM well, and may result in lowered water levels in nearby water
wells (in the same zone).

Original head

Drawdown

Removal of groundwater storage 
within the coal aquifer. 

Drawdown

Oil & Gas wells are typically not completed in the same aquife r as water
wells (except occasionally by accident). Horseshoe Canyon CBM coals are
typically “dry” so no water is produced. Poor cement integrit y can connect
energy wells to overlying aquifers.



Scenario b
Pumping in a deeper aquifer increases the hydraulic gradient (driving force)
between the deep aquifer and any shallow sources of groundwater recharge.
The increased hydraulic gradients will result in increased flow potential to the
deep aquifer.

Increased leakage from upgradient units 
or aquifers. 

This is an unlikely scenario if there are low perme ability layers of 
rock between the water well and energy well complet ion intervals. 
Poor cement integrity in energy well can cause this to occur.



Scenario c
Pumping a well “captures” some of this water that would otherwise be discharged 
at a location downgradient in the system. 

• Discharge to surface water bodies would be decreased.
• For a large diversion, the hydraulic gradient might actually become

reversed, and may affect surface or ground water users, or the ecology of
the surface water body.

iii Changes to surface water 
interactions: (i) captured 
discharge; (ii) induced recharge. 

Flow Divide

discharge; (ii) induced recharge. 

Again, this is an unlikely scenario if there are la yers of low permeability 
rock between the water body and energy well complet ion interval. Poor 
cement integrity in the energy well can cause this to occur.



Drop in Water Level (cont.)

Must Also Consider Other Possible Causes:

• Natural seasonal and long term variations in precipitation (drought).

• Increased usage in the same aquifer.

• Aquifer depletion through cumulative effects of many users.

While Oil & Gas activities can potentially impact water levels, the
Alberta geological conditions in the shallow coals (“dry”) and layers of
shale between shallow water aquifers and deeper energy wells, make
impacts unlikely except under special circumstances. Users in the
same aquifer and natural recharge conditions are a more likely source
of water level declines.



Potential effects of Oil & Gas on Water Quality

Presence of Gas in Water Well

Hydrocarbon gases (methane, ethane, propane etc) from conventional gas
and CBM wells can potentially migrate to overlying aquifers and water
wells.

Causes of gas migration:

• Poor cement integrity on • Poor cement integrity on 
surface or production casing.

• Completion (perforation and 
fracturing) in the same 
aquifer. 

• Well Fracturing and 
propagation of fractures 
upward (unlikely).



Potential effects of Oil & Gas on Water Quality

Presence of Gas in Water Well (cont.)

Things to consider:

• Geologic setting and conditions

• What are the driving gradients, gas composition and isotope
composition (more on these later)?

• Degree of cement integrity. Does the energy well have a surface
casing vent flow? This does not necessarily mean there is a leak to
the overlying aquifer but it does mean the cement integrity is not
good everywhere. Gas can be coming from any level.

• Is there gas migration outside the casing? This is indicated by
vegetation stress around energy well or bubbling of gas around
well (documented in Lloydminster).



Presence of Gas in Water Well (cont.)

Other Common Sources of Gas in Water Wells

• Atmospheric gases (oxygen, nitrogen, CO2).

• Air leak in pumping distribution system.

• Pump drawing down water and “sucking air”.• Pump drawing down water and “sucking air”.

• Naturally occurring methane (and potentially ethane) from coal
(or sandstone in contact with coal or shale) encountered in
water well bore.



Potential effects of Oil & Gas on Water Quality

Presence of Bacteria/Odour/Taste Deterioration

• Bacteria are naturally present in the groundwater environment. Water
wells make a very good environment for bacterial growth.

• The use of slough or dugout water used for drilling has the potential to
introduce bacteria into aquifers that could move to water wells and
contribute to bio-fouling, odour and taste deterioration. Studies havecontribute to bio-fouling, odour and taste deterioration. Studies have
indicated that biological contributions from surface waters would be
short lived (<7 days) and would be limited to regions close to the well
(< 2m).



Presence of Bacteria/Odour/Taste Deterioration (cont.)

Other sources of bacteria

• Poor water well construction with deficient grout seals

• Poor maintenance (no shock chlorination, well pits or missing water
well cap

• Poor location (proximity to septic system or animal wastes)

Signs and Symptoms

• Slime growth in toilet talk

• Decrease in well yield

• Black scale with a rotten egg smell (iron sulphide) on water well
parts



Potential effects of Oil & Gas on Water Quality

Chemical Contamination

Oil and Gas activities have the potential to impact water wells. No harmful
chemicals can be used above the base of groundwater protection but
contaminants can be introduced to the environment during several
process or activities:

• Lost circulation of drilling additives.

• Disposal of drilling wastes in sump/pit (historical).

• Energy Well fracturing fluids.

• Energy Well workover chemicals.



Potential effects of Oil & Gas 
on Water Quality

Chemical Contamination (cont.)

• Underground leaking of
hydrocarbons from energy
well due to poor cement
integrity. Leaks should
come up SCV but if the vent
has been closed, it could

X X

SCV
Water WellGas Well

Aquifer

has been closed, it could
migrate past.

• Leaking of hydrocarbons
from surface spills, tanks,
lines or pipelines.

• Flare pits (hydrocarbons,
metals and salts).

Possible gas migration pathways
caused by poor cement integrity

Coal



Chemical Contamination (cont.)

Other sources of contamination

• Surface spills of hydrocarbons or chemical applications near water
wells (including storage and washing facilities)

• Lubrication oil from top drive pumps on water wells

• Vandalism



Potential effects of Oil & Gas on Water Quality

Sediment in the water

Oil and Gas activities can potentially cause sediment in water wells

• Migration of drilling fluids

• Seismic activities (or strong vibrations from traffic) nearby disturb
bacteria populations and precipitates in the water well or well seal.

• Unintentional fracturing in the same aquifer (CBM)

Oil & Gas activities are activities are unlikely to cause sediment in a 
water well but extenuating factors include:

• Very close proximity to a water well (drilling or seismic)

• Very high permeability (gravels or large fractures)

• Unintentional fracturing in the same aquifer



Sediment in the water (cont.)

Other sources of sediment

• Surface casing deterioration and holes (allowing fine sediments to
enter water well).

• Water well screen collapse or holes.

• Poor water well construction (long open intervals with no liner or
packers allowing cascading water).

• Bacterial growth.

• Mineralization on casing or screen (iron sulphides, manganese
oxides or carbonates). Pump turning on knocks particles loose.

• Rust flakes from casing.

• Overpumping the water well and “breaking development” of screen.
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Summary of potential impacts of Oil & Gas activities on aquifers and water wells
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PART II - Holistic Approach to Water Well Complaints

In order to properly assess the cause of problems with a water well an
holistic approach must be taken. Single lines of evidence can often be
misleading or inconclusive and will not help to arrive at the root cause.
An holistic approach to a water well complaint starts at the well and
builds outward to include an understanding of:

1. Water well construction and maintenance

2. Basic geological and hydrogeological control on groundwater flow
and contaminant transport

3. Surrounding energy wells

4. Chemical analyses

5. Gas composition and isotope analysis



1) Water Well Construction and Maintenance

You need to have a good understanding of the construction of the water well. This 
information can come from: Well Log from GIC database or supplied by driller, 
submersible camera, new and historical yield tests.

Indications of poor construction practices include:

• Water well pit, insufficient stick-up, no cap

• Location down gradient from contaminant source (septic)

• Multiple aquifer completions• Multiple aquifer completions

• Long screens

• Long open hole sections without a liner and K-Packers

• Cuttings used to fill annulus

• Bentonite or grout poured from surface



You need to evaluate the maintenance of the water well. This information can 
come from: interviewing the owner; submersible camera.

Indications of poor maintenance include:

• Owner does not regularly (once per year) shock chlorinate the water well

• Rotten egg smell (caused by iron and sulphur bacteria)

• Bacterial froth (sometimes pink) in well or cistern

• Black deposits on casing, screen, drop-pipe and pump (bacterial ppt)• Black deposits on casing, screen, drop-pipe and pump (bacterial ppt)

• Flaking casing

• Gradual drop in water well yield



2) Basic geological and hydrogeological control 
on groundwater flow and contaminant 
transport

Geology

• You need to have a basic understanding of the 
geology in the area (aquifers and aquitards)

• Water well logs

• Basic energy well completion information• Basic energy well completion information

This data will give you basic information on the
vertical distance and the nature of the intervening
rocks between the completion intervals of the
energy well and the water well.



Hydrogeology

You need to have a basic understanding of the hydrogeology (aquifers and
aquitards) in the area. There are several sources for this information
including:

• Alberta Research Council Hydrogeology reports and other hydrogeology 
reports from the AGS

• PFRA Hydrogeology reports. • PFRA Hydrogeology reports. 



Regional Stress Regime

Natural and induced fractures trend to line
up in a direction dictated by the regional
stress field. In Alberta the greatest stress
usually is perpendicular to the Rocky
Mountains and is in a NE-SW direction.

If an energy well and water well line up
along this direction, there is a greater
possibility of fracture connection.



Groundwater flow direction, gradients and velocity

Groundwater flow is dependant on the hydraulic conductivity of the rock unit the
water is flowing through and the hydraulic gradient. An understanding of the
groundwater flow directions and velocities will help you to determine whether an
impact from Oil & Gas activities is possible.

Example 1

A hydrocarbon spill occurs at a well pad located 100m directly upgradient from a A hydrocarbon spill occurs at a well pad located 100m directly upgradient from a 
water well. The gradient on the water table is 10 cm in 100 m.

It would take “forever”* to reach the well if the material was till (K=10-9

m/s, n=55%)

It would take 127 years* if the material was silty sand (K=10-5 m/s, 
n=40%)

It would take 35 days* if the material was gravel (K=10-2 m/s, n=30%)

* This assumes advection only (no dispersion, retarda tion or reaction) 



Groundwater flow direction, gradients and velocity (cont.)

Example 2

If a fracture (natural or induced) connected an upper aquifer with an 
underpressured deeper coal (as is the case with many of the Horseshoe Canyon 
coals in southern Alberta), there would be very large downward gradient. 
Calculation of the forces acting on a methane bubble show that water entering 
the deeper coal zone (CBM zone) would prevent gas entering the upper aquifer the deeper coal zone (CBM zone) would prevent gas entering the upper aquifer 
(water well zone).



3) Surrounding Energy Well Information 

Once the water well has been assessed, you may need to evaluate the energy wells 
in the vicinity of the water well. Start close to the water well and work your way out. 
If present, problems do not tend to migrate very far from the energy wells. 

• Dates for all well activities
• Location/Distance from water well
• Completion intervals
• Cementing details (surface and production casings)• Cementing details (surface and production casings)
• Types and volumes of fluids produced (oil, gas and water )
• Any problems (lost circulation) during drilling
• Any surface casing vent flows (SCVF)
• Any indication of gas migration outside the casing (stressed vegetation, bubbles)
• Any remedial work done on the well (bond logs, noise/temp logs, cement squeezes)
• Downhole pressures in the completion interval (to calculate gradients)
• Any pipelines in the area
• Gas/Oil/Water compositional and isotopic data (more later)



4) Chemical Analyses

If the cause of water well concern is not identified by examining the well, you need 
to characterize the water chemistry of the water well to determine what constituents 
are present and compare it to baseline chemistry. You need to sample for:

Routine Analysis (Major Ions)

• Compare to Guideline for
Canadian Drinking Water
Quality.

• Compare to historical
analyses from the water
well.

• Plot on a piper plot.

• Look for changes.



Chemical Analyses (cont.)

Bacteria

• Total Coliforms and E. Coli bacteria

• IRB and SRB bacteria.



Chemical Analyses (cont.)

Metals

• Basic ICP metals analysis (including barium and selenium).

• Look for large changes in metals concentrations.

Dissolved Organic compounds

• Volatile priority pollutant (VPP)

• Extractable priority pollutants (EPP)

• Dissolved volatile organic compounds (VOC) analysis on a water
sample (headspace analysis).



Chemical Analyses (cont.)

Free gas Composition and Isotopes

• GC gas analysis (C1 to C6+) on the gas
separated from the water in the water well.

• GC gas analysis on surrounding energy
wells (SCVF and production casing).

• Carbon isotope analysis on the gas
separated from the water in the water well.

• Carbon isotope analysis on surrounding• Carbon isotope analysis on surrounding
energy wells (SCVF and production casing).

• Compare to baseline tests and isotopic
“mudlogs”.

Caveat about Carbon Isotope Analysis

It is important to realize that isotopes are not the “silver bullet”. They can 
be a powerful tool when used in conjunction with a good understanding of 
the geological and hydrogeological conditions. When taken out of context 
or as the only line of evidence used, they can be ambiguous.



Conclusions

• There is a perception that Oil & Gas activities are causing widespread 
impacts to water.

• The natural geological & hydrogeological conditions and the regulatory 
environment in Alberta are unique and help to protect our groundwater.

• There is a potential for Oil & Gas activities to adversely impact aquifers and 
water wells. These impacts are usually associated with very close proximity 
of water wells or poor cement integrity in the energy wells.

• An holistic approach to a water well complaint is the best approach to 
determine the problem with the well.

• Start at the well and work your way out.

• You can quickly rule out some problems as not being energy well 
related.

• Multiple lines of evidence used to support overall conclusions.


