Division: Water Program

Report No.: 1

Meeting Date: December 9, 2003
Subject: Distillate 822, a Hydrocarbon Based Drilling Fluid, and the Possibility of
Apache Canada Ltd. Employing this Substance During Gas and Oil Exploration.

1. Purpose/Report Summary
To present to the Board facts that relate to the environmental implications involved in
using Distillate 822, a hydrocarbon based drilling fluid, in comparison to employing saltbased drilling fluids that often require the use of sumps. The main purpose of the report
is to provide the Board with sufficient information to allow a decision to made as to
whether or not Distillate 822 can be utilized for drilling activities that accompany oil and
gas exploration in the Sahtu Settlement Area.
2. Background
A Water Licence Application was received from Apache Canada Ltd. for the Lac Maunoir
exploratory drilling project approximately 35 Km northeast of the community of Colville
th
Lake on October 20 ' 2003. A second application from Apache was received on
October 21', 2003 for the Nogha/ Tunago Lake exploratory drilling project, on the Nogha
and Tunago Lake Settlement Lands located between 54 km and 73 km south of Colville
Lake.
In Sections 4.7.1, of both applications, a clear preference is indicated regarding the
utilization of mineral based drilling fluid, (Distillate 822), for drilling operations. In
Sections 4.7.1.2 and 4,7.1.3 it delineates the environmental benefits of using a
hydrocarbon based drilling fluid as opposed to a salt-based drilling fluid. While Apache
has a clear preference for using Distillate 822, they are prepared to use a salt-based
drilling fluid should the Board not approve the use of Distillate 822 for this drilling
season.
Apache's preference for this method of drilling was first apparent in a face-to-face
meeting of SLWB staff and representatives of Apache in Fort Good Hope on September
15, 2003. A sample of the distillate was presented at the meeting, and the preference
for using this fluid was made clear to Staff. As per current practices, Staff made it. quite

clear that hydrocarbon based drilling fluids are not allowed in the Sahtu Settlement Area
at this juncture in time.
Apache has included a brief explanation of the use of Distillate 822 during drilling
operations in its consultations in Norman Welts, Fort Good Hope and Colville Lake. The
Hydrologist attended the consultation for the projects in Fort Good Hope on September
25, 2003 and the proponent did explain the benefits of a mineral-based drilling fluid as
opposed to a salt-based drilling fluid. The Hydrologist made it abundantly clear that
while it may be possible to use the fluid, pending Board approval, it was very possible
that the fluid might not be approved for use. Apache representatives acknowledged that
possibility and stated they were prepared for this contingency, either using Distillate 822
or salt-based muds.
A commitment was made by the Hydrologist to research Distillate 822 to determine if, in
fact, it was more environmentally friendly than salt-based muds. It was further indicated
by the Hydrologist that if there was to be any chance of using this hydrocarbon-based
fluid that it would be prudent for Apache to supply pertinent research materials to the
th
Board. Apache responded to this request on October 8 , 2003, by supplying the
document "Apache Canada Ltd. Base Oil Review for Northwest Territories Drilling 2003,
2004". The document was quite comprehensive, and it provides good information such
as a: Drilling Fluid Review, Product Data, Product and Additive bulletins, Material Safety
Data Sheets, and an in-depth document named, "Non-Water Based Drilling and
Completion Fluids, industry Recommended Practice (/RP), Volume 14-2002-2005°. The
Canadian Petroleum Safety Council and the Drilling and Completion Committee endorse
the document. This document and revisions is available from: The Petroleum Industry
Training Service (PITS).
The research performed by the Water Program staff concentrated on three very
important points relating to the usage of a hydrocarbon-based drilling fluid:
a.) Firstly, in the context of Legislation and Regulation, is the use of such a
substance for drilling operations prohibited?
b.) Secondly, what are the environmental costs and benefits?
c.) Finally, can the Board cite any precedent experience in approving the use
of a hydrocarbon-based drilling fluid?
2.1 Definitions

Drilling Fluids (Muds) — A suspension, usually in water (freshwater or saltwater) but
sometimes in oil (diesel, mineral or synthetic), used in rotary drilling, consisting of
various substances in a finely divided state (commonly bentonite clays and chemical
additives), introduced continuously down the drill pipe under pressure, out through
openings in the drill bit, and back up in the annular space between the pipe and the walls
of the hole and to a surface pit or tank where it is conditioned and reintroduced into the
wellbore. It is used to lubricate and cool the bit, to carry the cuttings up from the bottom,
and to prevent blowouts and cave-ins. A drilling fluid system is comprised of three
phases: Liquid, Solids and Chemical. (See attached diagram-Circulating system)

Oil Based Drilling Fluid (Mud) - means a drilling fluid system whose continuous liquid
phase is oil.
Freshwater Gel-Chem Drilling Fluid (Mud) - means a drilling fluid system whose
continuous liquid phase is comprised of freshwater. This type of drilling fluid system is
used for drilling shallow wells (<2000m) and in formations where salt formations will not
li kely be encountered. This system is susceptible to dissolution of chlorides (salts).
Saltwater Gel-Chem Drilling Fluid (Mud) — means a drilling fluid system whose
continuous liquid phase is comprised of varying levels of salt or salt saturated water. The
primary use of saltwater mud is to drill salt formations that are prone to dissolution when
exposed to freshwater gel-them drilling fluid. Saltwater mud may also be utilized to limit
thermal degradation of permafrost as the freezing point of saltwater is below 0° C.
2.2 Regulations
Currently in the Northwest Territories there are few regulations or guidelines that pertain
to the use and disposal of drilling waste. The Northwest Territories Waters Regulations,
Schedule IV, solely states that any "deposit of drill waste to a sump" requires a Type B
Water Licence and that the "deposit of drill waste in a manner other than to a sump" will
require a Type A Water Licence. The lack of any specific guidelines in the NWT has led
regulatory agencies to adapt criteria from the Alberta Energy and Utilities Board's (EUB)

Guide 50- Drilling Waste Management.
The Alberta loading criteria for hydrocarbons in a sump is < 0.1%. This criteria has
li mited the use of oil-based drilling fluids in the NWT because a Type B Water Licence
stipulates that all waste must be deposited into a sump and that any other disposal
method requires a Type A Water Licence.
The Guide 50- Drilling Waste Management loading criteria for chlorides (salts) is < 2000
mg/kg in the subsoil and waste mix with a total limit of 1600kg per disposal site.
Due to the ability of proponents to place larger quantities of chlorides into a sump than
hydrocarbons, most wells that were required to drill through salt formations have utilized
a saltwater based drilling fluid in the past. In conversation with Steve Deschene, [NAND
Land Use Inspector, he stated that there has only been one well drilled within the Sahtu,
which utilized an oil-based drilling fluid. The well in question was Ranger Oil's Notta
Creek C-17, NWT Water Board Licence N3L1-1697. The fluid used in this operation was
a much more toxic diesel based fluid and Ranger Oil used a pit to store fluids before
transport. Recyclable drilling fluid was tanked and shipped to Alberta while any
contaminated soil associated with the pit was to be shipped to Norman Wells for
Bioremediation. Unfortunately not all contaminated soils from the site of the oil based
fluid (invert) pit were removed and the site still waits further clean up.
2.3 Attachments
•
•

"Drilling Fluid Discussion" an excerpt from the Base Oil Review for Northwest
Territories Drilling 2003-2004, Baker Hughes Integ.
Apache Canada Ltd. Land Use Permit and Water Licence Application for EL399,
Lac Maunoir. Pages 6- 8, inclusive.

•

•

Appendix 2 Table 1 "Summary of Loading Criteria for Disposal Methods", Alberta
Energy and Utilities Board's (EUB) Guide 50-Drilling Waste Management,
October 1996 Edition.
Circulating System Diagram, Our Petroleum Challenge - Exploring Canada's Oil
& Gas Industry, Petroleum Communication Foundation, 1999.

3. Comments

3,1 Consultations
th

Consultations were held in Colville Lake on August 6 , 2003, in Fort Good Hope on
th
September 25 th , 2003 and in Norman Wells on July 29 , 2003. The topic of Distillate
822 was brought forward during their presentation to the communities.

3.2 Potential Environmental and Resource Impacts
There are two major environmental concerns related to the handling of drilling fluid
wastes. These are:
•

The contamination of ground water, surface water and ground soils. This
contamination may cause damage to vegetation, both land and aquatic species,
as well as to wildlife and fish. Contamination may also cause negative effects to
human health.

•

Physical disturbance of land, both on and adjacent to the wellsite, may result
from sump construction, sump failure or reclamation procedures.

Wastes associated with the use of oil-based drilling fluids include, mineral oil, formation
salt, and rock cuttings contaminated with oil and salt. Distillate 822 is a low toxicity
mineral oil hydrocarbon. The Material Safety Data Sheet (MSDS) lists it as "Practically
Non-Toxic for ingestion and skin contact" and "Moderately Toxic for inhalation". The
short carbon chain length of the Distillate (C 11- C 18) enables any spilled distillate or
contaminated drill cuttings and soils to be bio-remediated. As there is no need for a
sump there is little physical disturbance to the land.
The major environmental concern with using a saltwater based drilling fluid is that salt is
persistent and cannot be bio-remediated. If salt waste is spilled it is very hard for it to be
remediated. There is also the issue of the possibility of the drill waste exceeding the
loading limits for chlorides in a sump. There have been recurring issues related to salt
soil contamination and sumps that exceed the loading limit set for chlorides.
The major concern in the Sahtu is a major subterranean salt formation called the Saline
River Formation. This formation is found at depths ranging from 700m to 2000m. The
thickness of the layer can exceed 650m. In the area around Colville Lake the formation
varies from 100m to over 400m. Due to the thickness of the salt layer likely to be found
during this winters drilling it is possible that the logistics of tanking and shipping the
quantities of saltwater based drilling fluid waste is unrealistic. If they were to deposit the
salt contaminated waste into a sump it is likely that chloride levels will exceed the
loading limits for a sump.

There is increasing concern over the deposit of chlorides into sumps as the major source
of containment in sumps in the north is through freezing of waste fluids into the
surrounding permafrost. Due to the fact that saltwater has a freezing point below 0°C
some research has found that sump fluid has not frozen completely by the time that they
have been backfilled and this has contributed to subsidence of the sump cap, leading to
ponding and erosion. During the warmer summer months, previously frozen sump fluid
that contains high levels of chlorides has melted out even though the surrounding
ground temperature remains below 0°C.
n
3.3 Mitigation Measures/Restoratio Plans

Oil Based Drilling Fluid
•

•

•

The proponent plans on storing all oil based drilling fluids in double walled tanks,
which are directly tied into the rig to reduce the chance of any spills. Drip pans
will be used at all valves.
Due to the frozen ground and snow cover, spills of any oil based drilling fluid or
waste is easily visible and easier to contain allowing clean up to occur prior to
ground infiltration.
There will be no direct deposit of oil based drilling waste, as all reusable drilling
fluid will be tanked and re-used at an alternate wellsite. Any oil based drilling
waste and oil contaminated cuttings will be tanked and stabilized prior to
shipment to a Class 11 Waste Disposal Facility in Alberta,

Saltwater Based Drilling Fluid
•
•
•

All salt contaminated waste will be tanked and shipped to a Class 11 Waste
Disposal Facility in Alberta.
Due to the large volume of waste likely to be involved, it is unlikely that it is
logistically feasible to manage, store and ship this volume of waste.
Any spills will require costly clean-up and long term monitoring due to the
persistence of salt and its long term effects on soil, groundwater and vegetation.

3.4 Traditional Environmental Knowledge

3.5 Preliminary Screening
Section 124(1) of the Mackenzie Valley Resource Management Act requires the Sahtu
Land & Water Board to undertake a Preliminary Screening of any proposed development
prior to the issuance of a licence, permit, or authorization. The report concludes that the
environmental impact of the proposed project can be mitigated with known technologies
and that no significant public concerns have been raised.

3.6 Conformity with Land Use Plan

3.7 Attachments
•

Figure 1: Extent & Thickness of Saline River Formation Salt Member In Northern
Interior Plains, N. W. T. Monitoring a Sump Containing Drilling Mud with a High
Salt Content. Nenninger Engineering Inc., 1997.

Other Agency Comments

4.

The application was circulated to 27 organizations requesting a reply by November 24,
2003. Organizations were contacted on November 24, 2003. To date 13 written
responses have been received. Only one organization commented directly concerning
the use of Distillate 822. The Sahtu Renewable Resources Board states that they would
prefer the use of a mineral based drilling fluid over a saltwater based drilling fluid.
4.1 Attachments
See Staff Report for SO3L1-0151S03A-007 or SO3L1-016/S03A-008

Conclusion

6.

Mineral oil based drilling fluids do not expose shales directly to water, which
severely limits the reaction of shale and preserves shale stability.
• Mineral oil base drilling fluids provide better lubricating properties than water
based drilling fluids, which enables wells to be drilled faster and with less wear
and tear on the machinery.
• Chemical contamination by formation fluids and gasses can seriously affect
water based drilling fluid performance. Oil based drilling fluids are not reactive
with these fluids and gasses.
• Mineral oil based drilling fluid is superior to saltwater based drilling fluids to drill
through thick salt beds due to its ability to drill through salt without hole
enlargement.
• Mineral oil based drilling fluids can tolerate much larger levels of solids, this
allows less dilution and a smaller waste stream.
• Distillate 822 accommodates a low dispersion of solids, which enables the drilling
fluid to be recycled from well to well.
• Distillate 822 meets or exceeds all iRP 14 criteria, except Aniline Point, which is
a determinant to rubber damage. Baker Hughes states that with over 150 000 m3
of Distillate 822 already in use, there has been no significant damage to rubber in
comparison to other base oils.
• There are negligible amounts of BTEX present within distillate 822. This is
considered to be the greatest hazard to health of all the chemical components of
a hydrocarbon based waste stream.
All
waste associated with oil based drilling fluids are to be removed from the
•
Northwest Territories.
• The persistent nature of salt contamination in the environment and the
associated problems with high levels of chloride in sumps makes the use of
saltwater based drilling fluids less desirable in comparison to Distillate 822.
The
logistics of managing the likely large waste stream from saltwater based
•
drilling fluid makes it less desirable than using a mineral based drilling fluid.

•

•

There is no legislation or regulations inhibiting the use of Distillate 822 under a
Type B Water Licence.

Recommendation

6.

It is recommended to the Board that for this winter drilling season, Apache Canada Ltd.
be allowed to utilize Distillate 822 as its base liquid phase of drilling fluid for drilling
through the suspected salt formation that is to be encountered. The following conditions
should be implemented under,

PART D: CONDITIONS APPLYING TO WASTE DISPOSAL,
All oil based drilling muds and cuttings produced during the use of this mud must be
removed for disposal to an approved waste disposal facility outside of the Northwest

1.

Territories.
The Licensee shall notify the Board and the Water Licence Inspector, in writing, (48)
hours prior to the shipping of any oil based drilling mud waste.

2.
3.

All oil based drilling waste shall be stabilized with an appropriate material prior to
shipment.

4

The Licensee shall not at any time deposit oil based drilling waste into a sump.

Reference Material Attached

7,
•
•
•

•
•

Review for Northwest

Drilling Fluid Discussion" an excerpt from the Base Oil
Territories Drilling 2003-2004, Baker Hughes Inteq.
Apache Canada Ltd. Land Use Permit and Water Licence Application for EL399,
Lac Maunoir. Pages 6- 8, inclusive.
Appendix 2 Table 1 "Summary of Loading Criteria for Disposal Methods", Alberta
Energy and Utilities Board's (EUB) Guide 50-Drilling Waste Management,
October 1996 Edition.
Our Petroleum Challenge — Exploring Canada's Oil
Circulating System Diagram,
& Gas Industry, Petroleum Communication Foundation, 1999.
Figure 1: Extent & Thickness of Saline River Formation Salt Member In Northern
Monitoring a Sump Containing Drilling Mud with a High
Interior Plains, N. w.
Salt Content. Nenninger Engineering Inc., 1997.

G.T. Govier
Executive Director

DRILLING FLUIDS
Drilling fluids are normally mixtures of liquids, commercial chemicals and solids
utilized in petroleum exploration drilling. While often referred to as "mud" or
'drilling mud", the modern drilling fluids employed in the contemporary
exploration for petroleum reserves are far removed from the simple mixtures of
water and soil that comprised the first drilling fluids.
As the depth and complexity of wells increased the demands placed upon drilling
fluids increased as well. Modern drilling fluids must contribute to the overall
drilling operation by performing various, well-defined functions.
THE FUNCTIONS OF DRILLING FLUIDS

Control Subsurface Pressures
Liquids and gasses trapped under the ground can be abnormally pressured. The
density of the drilling fluid will be increased using weighting agents (calcium
carbonate is the suggested weighting agent for use in Colville Lake). The
increased density of the drilling fluid serves to control the pressure in the
formations until they can be safely produced.
Seal permeable formations
Pores and fractures naturally found in formations drilled can cause fluid to "leak"
away. Modern drilling fluids contain special clays, fluid loss agents and lost
circulation materials to limit or prevent the loss of drilling fluid to the formations
drilled.
Clean the hole
Drilling fluids are blended and maintained at the surface in specially designed
tanks on the drilling rig. This fluid is then pumped down the hollow drill string and
through the bit. As the drill pipe is turned, rotating the bit, the bit will cut and
scrape way the rock beneath it. The drilling fluid, being simultaneously pumped
though the bit, removes the bit cuttings from beneath the face of the bit and
carries the cuttings to the surface. At the surface the cuttings are separated from
the fluid by special equipment. The fluid flows back to the specially designed
tanks where fluids and chemicals are added before the fluid is pumped back
down the hole in a continuous circuit. The drilling fluid is treated with viscosifiers
and gelling agents to help carry the cuttings to the surface or to hold the cuttings
in suspension when pumping or circulation stops.
Clean, cool and lubricate the bit and drill string
Above, it was noted that the fluid is pumped in a continuous circuit, starting at the
mixing tanks, through the hollow drill pipe and back up the hole where cuttings
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are separated and the process starts again. The act of pumping fluid this way is
referred to as circulating.
While drilling, the frictional heat is generated between the drillstring rotating in the
hole and between the bit and the formation. In addition, as the depth of the hole
increases, the temperature of the earth increases. By circulating cooler drilling
fluid down the hole the drill string and the bit are cooled. The drilling fluid also
acts as a lubricant, reducing the friction and further reducing heat.
Transmit hydraulics horsepower to the bit
As the drilling fluid is pumped down the drilistring and through the bit under high
pressure, the fluid passes through specially designed and sized openings or
ports called bit jets, hydraulic energy is transferred from the drilling fluid pumps at
the surface to the face of the drilling bit via the stream of fluid exiting the bit jets.
Help support the weight of casing and drillstring
The weight of the bit and drillpipe can become extreme depending upon the
depth of the hole and the length of the corresponding drill string. The weight of
the drillstring is partially displaced by the fluid in the well bore lightening the load
realized by the drilling rig's equipment.
Limit corrosion of tubular goods
Most casing, drill pipe, drill bits and other tools needed for drilling are made of
steel and related alloys. These materials can be subject to destruction caused by
corrosion. A properly designed drilling fluid will minimize or eliminate the
opportunity of corrosion to effect the tubular goods.
Insure maximum hole information
Properly selected and engineered drilling fluids should have a minimum effect
upon the formations drilled.
Prevent reaction with drilled shale formations
Shale is a generalized term for a clay or mudstone formation. Shales are often
associated with hydrocarbon trapping. Shales are ancient deposits of clays
deriving from volcanic ash. These clays begin much like familiar material found
along river banks. As this material is covered by deposits of other geologic
materials, the weight of the over burden compresses the material forcing out
fluids, The clays become denser. Chemicals contained in the formation waters
also react with the minerals in the clays to change the chemical nature of the clay.
With time, pressure, heat and chemical reactions (a process known as
diagenesis) changes in the mineralogy of the original clays result in the
formations known as shales. This material has a very low permeability and often
forms "caps" or "dams" that prevent the migration of hydrocarbons, trapping them,
until their eventual discovery through the drilling process.
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Despite their age or length of burial, many shales are termed, reactive. The
geochemical properties of shales allow them to react with drilling fluids coming
into contact with them through the drilling process. Shales are comprised of finely
laminated mineral matrix bound most often bound with a sodium, potassium or
calcium ion. There is also connate water — remnants of the original fluid in which
the precursor clays are were deposited. When these shales are exposed to the
drilling fluids several reactions are likely to occur. The most widely experienced
effect is the swelling of shales absorbing water from the drilling fluid. This
swelling can cause difficulty moving the drillstring and bit in the well bore. It can
also cause caving of the wellbore. In the most extreme case, swelling shale can
cause a loss of the wellbore.
Another effect of shale swelling can be shale dispersion into the drilling fluid. As
the shale absorbs water it often begins to break into very fine particles which
become entrained in the drilling fluid and are too small for the solids control
equipment to mechanically remove. As these very fine solids enter the drilling
fluid, they can cause the drilling fluid to become to thick to work with or require
the addition of large uneconomical amounts of water and chemicals. Controlling
reactive shale is often the most expensive and difficult aspect of managing any
drilling fluid system.

COMPONENTS OF DRILLING FLUIDS
All drilling fluids are made up of three basic components:
1. The liquid phase — usually treated water or a base oil
2, Solids — Commercial clays and treating chemicals as well as materials
from the well bore too small to be removed by solids control equipment.
3. Chemicals — shale control additives, salts, viscosifiers, weighting agents,
filtration control chemicals, thinners and deflocculants, alkalinity control
agents, lost circulation additives.

WATER OR MINERAL OIL BASED DRILLING FLUIDS
As suggested above the liquid phase of a drilling fluid can be either a water or
"oil". Oil based drilling fluids offer valuable advantages over their water based
counterparts. These advantages include: Shale stability and inhibition, lubricity,
temperature stability, resistance to chemical contamination, gauge hole in
evaporative formations, solids tolerance, reduced production damage, reduced
tendency for stuck pipe, reduced fluid density drilling, re-use, reduced cement
cost, high penetration rate, flexibility, reduced corrosion.
Shale stability, as discussed above, is dependent upon a shales reactivity to a
particular drilling fluid. Shales, due to their origins and formation are most
reactive to water or to the chemical reactions that can take place in water. Shales
will absorb water from a drilling fluid or can be destabilized by reactions with
other chemicals in the water. Mineral oil based drilling fluids do not expose
shales directly to water or the reactions that can take place in water. This
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severely limits the reaction of shale in a mineral oil base drilling fluid and
preserves the shale stability, the shale is not likely to disperse into a mineral oil
based drilling. This means over all, a much smaller amount of fluid and chemicals
are needed to drill the well and a smaller waste stream result from drilling
activities.
Mineral oil base drilling fluids are much more lubricious than water base drilling
fluids. This helps to drill the well faster with less wear-and-tear on machinery.
Mineral oil based fluid is more resistant to chemical contamination than a water
base fluid. Different formations or formation fluids and gasses - anhydrite, salt,
CO 2 , etc, can have serious effects upon a water base drilling fluids properties.
Depending upon the level of contamination the drilling fluid can be rendered too
thick to be used. Difficulty in controlling the fluid loss of a water base drilling fluid
can jeopardize the well. Difficulty in controlling the rheology or excessive dilution
can affect the ability to control subsurface pressures. The common contaminants
which can have disastrous effects upon a water base drilling fluid have no or
greatly reduced effect in a mineral oil base fluid.
Mineral oil based fluids can drill a gauge hole in evaporative formations.
Evaporative formations include salt beds. Beneath the surface of Colville Lake
there is a very thick layer of salt. Oil based drilling fluids are used to drill salt
because salt will not dissolve into oil. When a very thick salt bed such as the one
beneath the Colville Lake area is drilled with water based drilling fluid, the drilling
fluid must be salt saturated prior to reaching the top of the salt bed. Salt must be
continually added into the water base drilling fluid to ensure the fluid remains
saturated is in order to prevent the walls of the well bore from dissolving into the
water base fluid. If the salt bed is allowed to dissolve into the drilling fluid, the
well bore stability may be threatened, casing seats can be compromised and
large volumes of cement can be required to cement additional casing in place.
Mineral oil base drilling fluid is the best fluid to drill thick salt bed due to its ability
to drill through the salt without hole enlargement.
Mineral oil base drilling fluids can tolerate a much higher level of solids than
water based fluid, this allows less dilution and a smaller waste stream when
utilizing a mineral oil base fluid. Due to the lower dispersion of solids into oil
based fluids and their ability to tolerate a much higher level of solids, it much
more likely that an oil base drilling fluid can be reused from well-to-well when
compared with a water base fluid system.
Oil based drilling fluids provide a virtually corrosion free environment for drilling
tubulars.
Steven Spence
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For the above reasons, Baker Hughes INTEQ Drilling Fluids recommends the
use of oil or mineral oil based drilling fluid in preference to a saturated salt water
drilling fluid for this years drilling in the Colville Lake area.
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SELECTING THE "RIGHT" OIL OR MINERAL OIL BASED FLUID
Selection Criteria Authority
The Canadian Petroleum Safety Council has developed guides for safe practices
and procedures for companies and individuals involved in the Canadian
Petroleum Industry. These guides are referred to as, Industry Recommended
Practices, or less formally, IRPs. "An Industry Recommended Practice is a set of
best practices and guidelines compiled by knowledgeable and experienced
industry and government personnel intended to provide the operator or user with
advice regarding the topic considered. IRPs are not a regulation. In the case of
an inconsistency or conflict with any applicable legislative requirement, the
legislative requirement prevails. IRPs are released once they have been
sanctioned by member organizations where sanctioned means that the
member organization has reviewed the IRP as a compilation of best practices
and supports its use where appropriate.°
Considerable work has been completed by The Canadian Petroleum Safety
Council on oil and mineral oil based drilling and completion fluids. Thus subject
is covered in the Canadian Petroleum Safety Council, /RP VOLUME 14: NONWATER BASED DRILLING AND COMPLETIONS FLUIDS.
Within the IRP Guidelines, health and safety concerns provide the primary base
for the selection of the oil to be used in the oil base drilling fluid. For the purposes
of this discussion, the IRP 14 criteria have been applied to four possible base oils:
1. Crude Oil (a representative Western Canada Crude sample).
2. Diesel (as tested as part of the IRP 14 formulation and has been used in
arctic drilling campaigns).
3. CARBO-CORE B (a recycled oil used in previous N.W.T. drilling
campaigns).
4. Distillate 822 — (a mineral oil proposed for use in the current Colville Lake
2003 — 2004 drilling season).
Based upon IRP criteria, Baker Hughes INTEQ Drilling Fluids recommends
Distillate 822 as the base for the drilling fluid to be used in this winter's Northwest
Territories drilling campaign. A point-by-point examination, based upon health,
safety and environmental concerns will illustrate why.
Selection Criteria
IRP 14 states, "Prior to starting any drilling operation with oil base mud, the fluids
to be used must be evaluated based on closed cup flash point, aniline point, and
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a gas chromatographic analysis of hydrocarbons components up to C30
(commonly known as GC C30+)."2
The Closed Cup Flash Point, as per Pensky-Martens Closed Cup Method ASTM
D-93, must be at least 10°C higher than the maximum anticipated flow line
temperature of the drilling fluid throughout the drilling of the well.
The Closed Cup Flash Point (CCFP) is a measure of the lowest temperature at
which the fluid will flash and ignite when an ignition source is applied near the
surface. The higher the value, the less risk of accidental ignition of the fluid. The
CCFP is primarily a function of the light end components, and will increase as
li ght ends evaporate off (aging).
Saskatchewan Regulation GL-99-01 requires that when a fluid is used with a
flash point below 61°C a totally enclosed circulating system must be used. This
value is also the limit specified in TDG regulations for non- dangerous fluids.
Therefore, a minimum Closed Cup Flash Point of 61°C is recommended.

2

Canadian Petroleum Safety Council, IRP VOLUME 14 — 2002: NON-1,VATER BASED DRILLING &
COMPLETIONS WORKOVER FLITIDS, 14.1.2.1 Fluid Analysis Requirements
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located at least 100m from any waterbody to prevent contamination of water resources. Camp
sewage will be spread for disposal.
4.6.2
Rig Camps
The drilling crew and support personnel will stay in a stationary camp located on the access to
each wellsite (see Program Map in Appendix 1-B). A 50-man camp will be utilized to
accommodate fluctuating levels of personnel during various phases of the drilling operation. The
camp will be powered by a diesel-electric gen-set. Water will be used to freeze down the site to
create a level working surface for the placement of camp components. The campsites that have
been selected are located at least 100m from any water body to prevent contamination of water
resources. Camp blackwater will be disposed in a sump. Solid waste and refuse will be
incinerated. Non-combustible waste will be hauled to Norman Wells for disposal. Sumps will
be fenced to protect wildlife. Personnel essential to the drilling operation (drilling supervisor,
tool push, etc.) will be housed in trailer units on the lease.
4.6.2.1 C-34 Camp (N 67° 12' 30.1" W 125° 22' 44.6")
The camp will utilize a natural or existing clearing at the base of the west flank of the ridge,
below the treeline. The campsite will be approximately 60m x 60m in dimension and
approximately 15km from the C-34 wellsite. Sumps will be used to contain black and grey
water.
4.6.2.2 L-80 Camp
The campsite for L-80 is located on a 60m x 60m site 50m SW of the wellsite at the base of the
east flank of Maunoir Ridge. The site is poorly drained consisting of peat mosses on a wet,
sandy substrate. Minor clearing will be required to remove or walk down shrubs and small trees.
Sumps will be used to contain black and grey water.

4.7 Drilling
Drilling will take place over an 80-day period. Drilling practices will be compliant with all
requirements of the NEB Permit and Regulations.
4.7.1
Drilling Waste Management
Two types of drilling fluid will be utilized for this project; freshwater-based gel-chem and
mineral oil-based fluid. Although mineral oil-based fluid is preferable for drilling through salt
formations, a salt-based drilling fluid may be used as a less desirable substitute if approval is not
obtained for mineral oil.
4.7.1.1 Freshwater Gel-Chem Fluid
A drilling fluid consisting of freshwater and natural clays with conditioners will be used to drill
the upper section of the well. Weight material in the form of calcium carbonate (limestone) may
be incorporated as required. This non-toxic system will be used to ensure that any fresh
groundwater zones are protected. As additional protection, the well will be cased and cemented

to a depth of 550m to prevent fluids from deeper drilling entering formations containing potable
water. Waste from this drilling fluid system will include freshwater, natural clays, rock cuttings,
chemical stabilizers and conditioners, all at non-toxic levels. The sumps (the 30m x 30m remote
sump for C-34 at N 67° 14' 37.3" W 125° 15' 53.3" and the 30m x 60m sump SW and adjacent to
L-80) will be excavated to a level below the permafrost. Upon completion of the drilling
program, the freshwater drilling waste will be analysed and, if it meets the requirements of the
Alberta Energy and Utility Board's G-50 Drilling Waste Management Guidelines, will be mixed,
buried and covered and frozen into the permafrost in the sumps. The sumps will be covered with
sufficient material (approximately 100cm) to allow for settling.
4.7.1.2 Mineral Oil-Based Fluid
Upon reaching the Saline River formation, a salt-containing geological sequence, a mineral oilbased drilling fluid will be employed. Salt-containing formations are subject to dissolution if
freshwater drilling fluids are used. A mineral oil-based fluid will not react with the salt, and
reduces the potential for drilling problems due to salt solution. The mineral oil is a low toxicity
hydrocarbon. As with the freshwater gel-chem system, calcium carbonate will be used as a
weight material. Lost circulation material (i.e. cellophane, sawdust, or walnut shells) will be
available on site to be used if required.
The Material Safety Data Sheet (MSDS) information identifies the mineral oil as "Distillate
822", a complex mixture of petroleum hydrocarbons (C 11 -C 18 ). It is "Practically Non-toxic for
ingestion and skin contact" and "Moderately Toxic for inhalation" (see MSDS sheet in Appendix
1-E). Mineral oil-based drilling fluid has been selected because it is a more environmentally
friendly alternative to salt-based drilling fluid. In the event of an accidental spill of mineral oilbased drilling fluid or wastes containing mineral oil, it is readily bio-degradable and will not be a
persistent contaminant in the environment. Spilled salt-based drilling fluids, or wastes
containing salt, have the potential for longer term impacts to soil, groundwater and vegetation,
requiring costly clean-up and long-term monitoring.
Mineral oil will be stored in two double-walled 400bbl tanks on lease that will be manifolded
(tied-in) to the rig to reduce the potential for accidental spills. Drip pans will be employed under
all valves.
Wastes associated with this drilling fluid system would include mineral oil, formation salt, and
rock cuttings contaminated with salt and mineral oil. Solid waste, including rock cuttings from
the drilling fluid system, will be centrifuged and transferred to a tank where it will be mixed with
sawdust to prepare the waste for transport. Waste will then be transported by truck to a Class II
Oilfield Waste Facility in Rainbow Lake, Alberta. Recovered mineral oil will be returned to the
double-walled storage tanks. The mineral oil will be re-used at the L-80 location and/or
transported to Norman Wells for storage.
4.7.1.3 Salt-Based Drilling Fluid
A less desirable alternative to the mineral oil-based system is a salt-based drilling fluid. This has
been used successfully in past drilling programs in the area to control drilling through salt
formations. Wastes consist primarily of salt contaminated drilling fluid and rock cuttings.

However, difficulties occur with handling and disposal. Unlike mineral oil-based systems, salt is
a persistent contaminant in the environment and is more problematic to remediate if accidentally
spilled during handling. Although it is Apache's preference to employ a mineral oil-based
drilling fluid, a salt-based fluid will be used if regulatory approval cannot be obtained for the use
of mineral oil. Solid waste will be mixed with sawdust to stabilize any remaining liquids and
hauled by truck to a Class II Industrial Landfill in Alberta for disposal. Salt containing liquids
will be trucked to an approved facility in Alberta for downhole disposal.
4.7.2
Fuel Storage
AU equipment will be fuelled with diesel to simplify fuel handling.
Fuel for the drilling rig will be stored in a double-walled 400-bbl tank on the lease and in a
double-walled rig fuel tank. These tanks will be replenished from storage tanks in Nonnan
Wells. The rig fuel tank will be manifolded (tied-in) directly to the rig to reduce handling and
the potential for leaks and spills. Drip pans will be placed under all valves and spill kits will be
available on site.
Construction equipment and vehicles will be fuelled from a fuel sloop that will be towed along
by the access construction crew. The sloop will then be sited on the lease during drilling to
provide fuel for support vehicles. Fuel for the camp will be stored in a fuel sloop. Fuel will be
transported to the fuel sloop and the rig from the staging area in fuel trucks. Absorbent pads will
be used to capture any minor spills and drips during vehicle refueling. Spill response equipment
will be maintained on all fuel transfer vehicles and at storage locations. All personnel will be
made aware of the Emergency Response Plan (ERP) and the site-specific Spill Response Plan
(see Appendix 5).

4.8 Completion and Evaluation
A service rig will be utilized for completing the wells and any testing (logging and flow tests)
that will be conducted. Completion operations depend on the logging results for each well. If
further testing is required, or if the well has economic potential, a wellhead will be left in place.
If the well is not economic, it will be abandoned. Casing will be cemented, surface equipment
will be removed and the casing will be cut and capped below ground level.
Wells with commercial potential will be:
• logged - instruments are used to measure different physical characteristics of the casing
cement and rock surrounding the wellbore;
• perforated - holes are made through the well casing at the zone(s) of interest;
• fractured using high pressure to increase the flow of gas into the wellbore;
• sand will be pumped into the fractures to prop them open; and,
• flow tested to measure the productivity of the reservoir rock
Once the evaluation is complete and the equipment will be moved off-site and a wellhead will be
left in place.

APPENDIX 2 TABLE 1 SUMMARY OF LOADING CRITERIA FOR DISPOSAL METHODS
ISPOSAL

LOADING CRITERIA

ETHOD

Pre-Application

Maximum Application Rate

Conditions
ON-SUE

Receiving Soil:
• Impermeable subsoil

Mix-Bury-Cover
(M-B-CI
Site:

• Water table or
petite- able material
must be at least 1 in
below soil and waste
mixture.
Waste:
• Must pass toxicity
nt if mud
additives require
testing, or if hydrocarbon was added to
mud system.

01,441TE
Landspreadiag

Receiving Soil:.
Subsoil must be
suitable for
incorporation.
• EC 4 dS/m
• SAR
Waste:
•

Must pass toxicity
assessment if mud
additives require
testing, or if hydrocar- bon was added
to mud system.

Post Application

TESTING REQUIREMENTS

INFORMATION

*Not Always Required

REQUIREMENTS

Conditions
Chloride: <2000 mg/log in tie subsoil and
waste mix.
Hydrocarbon Content <0.1% on a dry weight
basis in the subsoil and waste mix.
Subsoil and waste mixture must be at least
3 parts subsoil to 1 part waste.
A mirimum 1 m of clean subsoil must cover
subsoil and waste mixture_

Trace Dements ffor any incorporation depth):
Boron
5 kg/ha
Cadmium
1 5 kg/ha
Chromium

1C0 kg/te

Copper

203 leg/ha

Lead

103 kg/ha

Nickel
Vanadium
Zinc

25 kg/ha
100 kg/ha
300 kg/ha

Analytes (with incorpmatMn into < 30 cm
subsoil deptht
Chloride
800 kg/ha
Sodium
500 kg/ha
Total Nitrogen
400 kg/ha
Total Diss. Solids 3500 kg/ha
Hydrocarbon <111% (using a subsoil
density of 1700 kg/m3)
Analyzes (with incorporation into > 30 an
subsoil depth);
Chloride
1259 kg/ha
Sodium
750 kg/ha
Total Nitrogen
400 kg/ha
Total Diss. Solids
5330 kg/ha
Hydrocarbon < OA% (using a subsoil
density of 1700 kgirn3)
Maximum rate of application 1000 m3/113
or .c 10 cm in depth.
Subsoil and waste mixture must equal 3
parts subsoil to 1 pan waste.

Chloride:
• lifetime loading
limit of 1600 kg
per disposal site_
Nitrogerc
• lifetime loading
limit of 400 kg
per disposal site.
Trace Elements - total
lifetime loading
10 kg
Boron
Cadmium
3 kg
Chromium 200 kg
Copper
400 kg
200 kg
Lead
50 kg
Nickel
Vanadium 200 kg
600 kg
Lim

• Pre-Sanpling Solids:
• Cl. trace elements*, toxicity
verbal notification
assessment'. hydrocarbon*. to Public Lands Of
Forest District
Total Waste:
office 24 hours
• CL trace elements', N*,
prior to sampling
toxicity assessment*.
of waste.
hydrocarbon*.
• Pm-Disposal written notification to Public
Lands, Forest
District or SUB
area office,
48 hours prior to
disposal (use
Notification of

Daly Waste
DiSp0501

Chloride:
• lifetime loading
limit of 1E00 kg
per disposal site.

Fluids:
• EC (for TESL SAR (for Nal.
Cl, N". toxicity
assessment".

Nitrogen:
• lifetime loading
limit of 400 kg
per disposal site.

Solids:
• EC(forThSLSABtfor NaL
Ct trace elements',
toxicity assessment",
hydros:whorl'.

Trace Elements - total
lifetime foadiog limits
Boron
10 kg
Cadmium
3 kg
Chromium 200 kg
400 kg
Copper
Lead

Pre-Sampling verbal notification
to Pubic Lands or
Forest District
affirm 24 hours
prior to sampling
of waste.

• Re-Disposal-

Total Waste:
• EC (for TDS). SAR (for Na).
Cl. N*, trace elements*.
toxicity assessment*.
hydrocarbon*.

wiitten rotificalion to RUM
Lands. Forest
District or EU/3
area office.
48 hours prior
to disposal (use

Receiving Soils.
• EC. SAR.

Notification of
Aiding Waste
Disposal form).

209 kg

Nickel
50 kg
Vanadium 200 kg
600 kg
Zinc

•

form).
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A fluid called mud circulates
through the drilling bit as it cuts
through rock. The fluid lubricates
the bit, removes rock cuttings,
stabilizes the wall around the
hole, and controls the pressure
in the wellbore. The mud is
a suspension of chemicals
and minerals such a.5•::
bentonite clay in water
or sometimes oil.

Workers blend the mixture in the
mud-mixing shack. The mud
pumps push the fluid up the
standpipe and into the drill pipe
through the kelly, in the conventional rig shown here, or through
fittings in a top drive mechanism.
After passing through the drill bit,
the mud and cuttings circulate
back to the surface through the
space outside the pipe, known
as the annulus, and into the

The shale shaker, a vibrating screen,
then separates the cuttings from the
mud. The cuttings flow into lined
pits or tanks, while the drilling mud
flows through the de-silter and is
recirculated. More fluid is added
through the mixer as the drilling
progresses to greater depths. When
drilling is completed, the remaining
fluid is trucked away for disposal or
reuse at another site.

return line.

Hose

De-silter
BleyOut
pfe,il.emer

(80P)

'
Mud-gas separator (safety feature)

Annulus
—
Drill pipe

Drill collars
Drill bit

