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1 Introduction 

Geofirma Engineering Ltd. (formerly Intera Engineering Ltd.) has been contracted by the Nuclear Waste 
Management Organization (NWMO), on behalf of Ontario Power Generation, to implement the Geoscientific Site 
Characterization Plan (GSCP) for the Bruce nuclear site located near Tiverton, Ontario.  The purpose of this site 
characterization work is to assess the suitability of the Bruce nuclear site to construct a Deep Geologic 
Repository (DGR) to store low-level and intermediate-level radioactive waste.  The GSCP is described by Intera 
Engineering Ltd. (2006, 2008). 

This Technical Report summarizes the type and location of production injection packers (PIPs) used to 
temporarily seal the two deep inclined bedrock boreholes (DGR-5 and DGR-6), as part of Phase 2B of the 
GSCP.  At this time Westbay MP multilevel systems are not planned to be installed in DGR-5 or DGR-6, nor is 
permanent abandonment (i.e. grouting) anticipated for several years.  Therefore, temporarily sealing is 
necessary to minimize borehole cross connection until either permanent abandonment or long-term monitoring is 
undertaken.   

Work described in this Technical Report was completed in accordance with Test Plan TP-10-01 – Temporary 
Borehole Sealing of DGR-5 and DGR-6 (Intera Engineering Ltd., 2010a), and references Technical Report     
TR-09-11 Bedrock Formations in DGR-1 to DGR-6 (Geofirma Engineering Ltd., 2011).   

Work described in this Technical Report was completed following the general requirements of the DGR Project 
Quality Plan (Intera Engineering Ltd., 2010b). 

2 Background 

The GSCP comprises two phases of borehole drilling and investigations.  The Phase 1 GSCP is described by 
Intera Engineering Ltd. (2006) and included the drilling, logging and testing of two deep vertical 152 mm 
diameter boreholes (DGR-1 and DGR-2) to total depths of 462.9 and 862.3 metres below ground surface 
(mBGS) respectively, and the drilling and testing of one shallow borehole, US-8, to a total depth of 200 mBGS.  
Both of these deep DGR boreholes were drilled at one location (Drill Site # 1), approximately 40 metres apart 
from each other.  The shallow borehole (US-8) was drilled at a second location (Drill Site # 2); both drill sites are 
located at the Bruce nuclear site as shown on Figure 1.  Phase 1 drilling and testing was completed between 
December 2006 and December 2007. 

The Phase 2 GSCP is described by Intera Engineering Ltd. (2008).  Phase 2 is divided into two sub-phases, 2A 
and 2B.  Phase 2A consisted of drilling, logging and testing of two deep vertical 143 mm diameter boreholes, 
DGR-3 (Drill Site #2) and DGR-4 (Drill Site #3) to total depths of 869.2 and 857.0 mBGS, respectively.  Phase 
2A was completed between March 2008 and September 2009.  Phase 2B comprised the drilling, logging and 
testing of two deep inclined 143 mm diameter boreholes, DGR-5 (Drill Site #1) and DGR-6 (Drill Site #4).  The 
Phase 2B drilling and core logging activities are described below.  Phase 2B work was completed between 
December 2008 and June 2010. 

The overall strategy for the borehole sealing can be defined by the following objectives: 

• provide a borehole seal that will minimize the vertical cross connection of borehole fluids and pressures and 
effectively isolate over-pressurized bedrock formations from under-pressurized bedrock formations; 

• provide an effective borehole seal that can remain in place over long period of time (i.e. 2 to 10 years); and, 

• ensure the borehole seal is removable (i.e. temporary) such that at any given time the complete borehole 
column may be accessed for further testing or permanent abandonment. 
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3 Borehole Drilling 

Davidson Drilling Limited (Davidson), based out of Wingham, Ontario, was retained by Geofirma Engineering 
Ltd. to complete the borehole drilling and permanent casing installation at DGR-5 and DGR-6.   

Both boreholes were rotary drilled from surface to the Salina Formation F-Unit shale for casing installation, then 
continuously cored to depth.  The angled boreholes had target plunges of 65° (DGR-5) and 60° (DGR-6) from 
horizontal and target azimuths of 190° (DGR-5) and 80° (DGR-6) from true north.  DGR-5 was completed at 
Drill Site # 1, adjacent to DGR-1 and DGR-2 and DGR-6 was drilled at Drill Site # 4 (Figure 1).   

During the drilling program of DGR-5 and DGR-6, Davidson had difficulty maintaining the required borehole 
orientation (azimuth and inclination) and as a result the objectives of borehole DGR-6 would not be met without 
directional drilling correction.  Therefore, Geofirma contracted with Layne Christensen Canada Ltd. (Layne), 
based in Capreol, Ontario, in conjunction with International Directional Services (IDS), also based in Capreol, 
Ontario, to complete DGR-6 below a depth of approximately 516 mLBGS at the top of the Queenston Formation.  
Layne used conventional mineral exploration drilling equipment with the assistance of directional coring 
equipment (IDS) as necessary to meet the objectives of DGR-6. 

Figure 2 shows the interpreted bedrock formation contact depths/elevations and subsurface nomenclature for 
the Bruce nuclear site based on the drilling and core logging activities completed at DGR-5 and DGR-6.  The 
rational for these formation picks are described in TR-09-11 - Bedrock Formations in DGR-1 to DGR-6 
(Geofirma Engineering Ltd., 2011).  The main borehole diameter for each borehole was 5⅝ inches.  DGR-5 was 
drilled 807.15 mLBGS into the Kirkfield Formation, a true vertical depth of 752 mBGS.  DRG-6 was drilled 
903.16 mLBGS into the Gull River Formation, a true vertical depth of 785 mBGS.  

The total drilled depth of DGR-5 does not expose the over-pressurized Ordovician limestone formations; 
therefore a seal near the bottom of the borehole was not necessary.  The total drilled depth of DGR-6 
intercepted the Gull River Formation, which was over-pressured in DGR-2, DGR-3, and DGR-4.  Therefore, a 
temporary seal was deemed necessary at the bottom of the Kirkfield Formation in DGR-6 in order to isolate the 
high pressure Coboconk Formation from the overlying relatively lower pressure Ordovician limestones. 

4 Packer Installation 

Boreholes were sealed to minimize the vertical cross connection of borehole fluids and pressures and effectively 
isolate over-pressurized bedrock formations from under-pressurized bedrock by installing bridge plugs or 
packers at the depths outlined in Table 1, where depth to top of packer indicates the top of the packer element 
or seal.  Packers are identified using the borehole ID and the depth to the top of the packer in mLBGS. 

Before the packers were installed, each packer was assembled with the steel plug, shear pin and on-off tool, and 
then pressure tested to 1200 to 1350 psi.  Once the packers were lowered to their designed depths, each packer 
was inflated by slowly pumping in fresh Lake Huron water.  Pumping continued until the tubing over balance 
pressure reached 500 psi.  At this time the pressure was maintained for 10 minutes to allow the packer element 
to conform to the shape of the borehole.   The pressure was then slowly increased, stopping every 500 psi for 
ten minutes to allow the element to conform to the shape of the borehole.  When the packer inflation pressure 
reached 1200 psi the shear pin on the on-off tool released and the packer pressure was locked in by bleeding off 
the pressure as quickly as possible.  Each packer was assured to be in place by pull testing the packers to 4000 
to 5000 lbs above the string weight.   

The following sections describe the installation of each packer in DGR-5 and DGR-6, respectively.  Table 2 
provides a summary of the packer installations.  Schematic diagrams of packers installed in DGR-5 and DGR-6 
are included in Figures A.1 and A.2, respectively, Appendix A.  Photographs of packers installed in DGR-5 and 
DGR-6 are included in Appendix B and specification sheets are provided in Appendix C.  
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Table 1  Summary of Packer Sealing Locations in DGR-5 and DGR-6 

Borehole Unit or 
Formation 

Depth to Top of 
Packer (mLBGS) 

Rationale 

DGR-5  Top of Salina 
A0 Unit 

405.1 Isolate over-pressurized Salina A1 Unit Evaporite from 
underlying Guelph Formation 

DGR-5  Top of 
Queenston 

486.6 Isolate over-pressurized Salina Formations from under-
pressurized Ordovician shales below 

DGR-6 Top of Salina 
A0 Unit 

424.4 Isolate over-pressurized Salina A1 Unit Evaporite from 
underlying Guelph Formation 

DGR-6 Bottom of 
Manitoulin 

500.2 Isolate over-pressurized Salina Formations from under-
pressurized Ordovician shales below 

DGR-6 Bottom of 
Kirkfield 

864.2 Isolate over-pressurized formations below Kirkfield 
Formation from overlying under-pressurized formations 

 

Table 2 Summary of Packers and Packer Materials Installed in DGR-5 and DGR-6. 

Packer  Packer Manufacturer 
/Model 

Depth to 
Top of 

Element   
(mLBGS) 

Depth to 
Base of 
Packer 
Nipple    

(mLBGS) 

Shear 
Plug 

Material 

Shear 
Pin 

Material 

Shear Pin 
Release 
Pressure 

(psi) 

DGR5-405.1 Baker/Single Set 
Production Injection Packer 405.1 403.64 Solid 

Steel 
Solid 
Brass 2000 

DGR5-486.6 
Weatherford/Injection 

Production Packer, Single-
Set Rotation Release 

486.6 484.95 Solid 
Steel 

Solid 
Brass 2000 

DGR6-424.4 
Weatherford/Injection 

Production Packer, Single-
Set Rotation Release 

424.4 423.05 Solid 
Steel 

Solid 
Brass 2050 

DGR6-500.2 
Weatherford/Injection 

Production Packer, Single-
Set Rotation Release 

500.2 498.85 Solid 
Steel 

Solid 
Brass 2050 

DGR6-864.2 
Weatherford/Injection 

Production Packer, Single-
Set Rotation Release 

864.2 862.85 Solid 
Steel 

Solid 
Brass 2050 

 

4.1 Packer Installation in DGR-5 

The upper packer in DGR-5 was installed at 405.1 mLBGS on March 28, 2010.  The packer has an element 
length of 1.05 m.  The length from the top of the element to the base of the nipple, where the on-off tool attaches 
to the packer is 1.46 m (403.6 mLBGS).  The shear plug is made of solid steel is held in-place with a 2000 psi 
solid brass shear pin.  The packer was installed using a Baker L-10 on-off tool.  No flow was recorded in the 
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borehole before or after the packer was installed at the top of the Salina A0 Unit.   

The lower packer in DGR-5 was installed 486.6 mLBGS on March 24, 2010.  The packer has an element length 
of 1.37m.  The length from the top of the element to the base of the nipple, where the on-off tool attaches to the 
packer is 1.65 m (485.0 mLBGS).  The shear plug is made of solid steel is held in-place with a 2000 psi solid 
brass shear pin.  The packer was installed using a Baker L-10 on-off tool.  No flow was recorded in the borehole 
before or after the packer was installed at the top of the Queenston Formation.   

4.2 Packer Installation in DGR-6 

The upper packer in DGR-6 was installed 424.4 mLBGS on July 19, 2010.  The packer has an element length of 
1.23 m.  The length from the top of the element to the base of the nipple, where the on-off tool attaches to the 
packer is 1.35 m (423.1 mLBGS).  The shear plug is made of solid steel is held in-place with a 2050 psi solid 
brass shear pin.  The packer was installed using a Baker L-10 on-off tool.  No flow was recorded in the borehole 
before or after the packer was installed at the top of the Salina A0 Unit.   

The middle packer in DGR-6 was installed 500.2 mLBGS on July 16, 2010.  The packer has an element length 
of 1.23 m.  The length from the top of the element to the base of the nipple, where the on-off tool attaches to the 
packer is 1.35 m (498.9 mLBGS).  The shear plug is made of solid steel is held in-place with a 2050 psi solid 
brass shear pin.  The packer was installed using a Baker L-10 on-off tool.  No flow was recorded in the borehole 
before or after the packer was installed at the bottom of the Manitoulin Formation.   

The lower packer in DGR-5 was installed 864.2 mLBGS on July 12, 2010.  The packer has an element length of 
1.25 m.  The length from the top of the element to the base of the nipple, where the on-off tool attaches to the 
packer is 1.35 m (862.9 mLBGS).  The shear plug is made of solid steel is held in-place with a 2050 psi solid 
brass shear pin.  The packer was installed using a Baker L-10 on-off tool.  No flow was recorded in the borehole 
before or after the packer was installed at the bottom of the Kirkfield Formation.   

5 Data Quality and Use 

The selection and installation of packers presented in this Technical Report are based on standard techniques 
used in similar worldwide comprehensive deep drilling and testing programs, and the general requirements of 
the DGR Project Quality Plan (Intera Engineering Ltd., 2010b) and TP-10-01 (Intera Engineering Ltd., 2010a) .  
The types of packers were selected to provide an effective borehole seal that can remain in place over long 
period of time (i.e. 2 to 10 years), and, to ensure the borehole seal is removable (i.e. temporary) such that at any 
given time the complete borehole column may be accessed for further testing or permanent abandonment.  
Although the packers are intended to be left in the boreholes indefinitely, a periodic inspection is required to 
determine if replacement packers are necessary.  The inspection frequency has been set at once every 3 years 
at a minimum.  Inspection of the packers requires that the packers are deflated and removed from the borehole, 
as outlined in TP-10-01. 

The length of drill pipe used to install the packers should be considered accurate to ±0.1m, not including 
possible stretching of the drill pipe.  Changes in surface grading around the borehole may increase the error.  
Packer retrieval should only be carried out by individuals with significant experience installing, setting and 
retrieving bridge plugs.  Pressure transducers were not installed in the intervals below the packers.  Therefore, 
fluid pressure in the borehole will not be known when the packers are retrieved for inspection. 
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APPENDIX A 

Schematic Packer Diagrams 

Figure A.1 – Schematic Diagram of Packers Installed in DGR-5 

Figure A.2 – Schematic Diagram of Packers Installed in DGR-6 

  







 

 

APPENDIX B 

Packer Photographs 

  



DGR5-405.1 – Baker Packer DGR5-486.6 – Weatherford Packer  

DGR6-424.4 – Weatherford Packer DGR6-424.4 – Weatherford Packer (shear pin) 

Appendix B - TR-09-10:  Packer Photographs 
 



DGR6-500.2 – Weatherford Packer DGR6-864.2 – Weatherford Packer 
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Appendix B - TR-09-10:  Packer Photographs 
 



 

 

APPENDIX C 

Packer Specification Sheets 
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