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1 INTRODUCTION 

1.1 Background 

Geofirma Engineering Ltd. (Geofirma) was retained by the Nuclear Waste Management Organization 
(NWMO) to complete a drilling and testing program for two deep bedrock boreholes (SB_BH01 & 
SB_BH02) as part of the NWMO’s Phase 2 Geoscientific Preliminary Field Investigations. The full scope 
of the drilling and testing program for SB_BH02 is described in the Initial Borehole Characterization Plan. 

NWMO’s process is called the Adaptive Phased Management (APM) plan and comprises multiple 
phases. 

Phase 1 of NWMO’s APM plan included preliminary desktop studies using available geoscientific 
information and a set of key geoscientific characteristics and factors that can be realistically assessed at 
the desktop phase of the Preliminary Assessment. The Phase 1 Preliminary Assessment of the South 
Bruce area identified the Cobourg Formation as the preferred host formation for a deep geological 
repository for used nuclear fuel. The Initial Borehole Drilling and Testing study is a key component of the 
Phase 2 Geoscientific Preliminary Field Investigations for the NWMO’s APM plan. 

Borehole SB_BH02 is located approximately 5.5 km northwest of the community of Teeswater, Ontario, 
and was drilled to 900.57 m below ground surface (m BGS).  SB_BH02 was drilled through the entire 
sedimentary bedrock sequence to approximately 14 m into the Precambrian basement. SB_BH02 is 
located approximately 2.5 km west of SB_BH01. 

1.2 Geologic Setting 

The sequence of rocks encountered in the SB_BH02 borehole consist of Paleozoic-aged strata that were 
deposited within the Michigan Basin northwest of the Algonquin Arch in Southwestern Ontario. The 
Michigan Basin is a circular-shaped cratonic basin that is composed primarily of shallow marine 
carbonates, evaporites, and shales that were deposited while eastern North America was in tropical 
latitudes during the Paleozoic Era (Armstrong and Carter 2006, 2010). West of the Algonquin Arch, strata 
from the Michigan Basin tend to gradually dip westward into the Michigan Basin. Borehole SB_BH02 was 
drilled through the entire Paleozoic sequence to approximately 14 m into the Precambrian basement, 
which is composed of high-grade metamorphic rocks of the Grenville Province.  
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1.3 Technical Objectives 

The main objectives of WP08 temporary well sealing  activities at SB_BH02 were:  

 To minimize the cross connection between borehole intervals with significant changes in 
formation pressure or groundwater chemistry; 

 To stabilize the borehole if sub-optimal drilling conditions are encountered (e.g. high-angle 
fracturing parallel to the borehole); 

 To provide an effective borehole seal that can remain in place over long period of time (i.e. days 
to several years); and 

 To ensure the 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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2 DESCRIPTION OF ACTIVITIES 

All Work Package 8 (WP08) temporary borehole sealing activities were completed following procedures 
described in a project-specific Temporary Borehole Sealing Test Plan. WP08 activities were completed 
by Vital Drilling and were supervised by Geofirma staff. Data collected as part of WP08 activities, 
including sealing equipment inspections and installation records were recorded in the Data Quality 
Confirmation (DQC) Workbook. 

2.1 Temporary Borehole Sealing During Drilling 

Five cement plugs were completed during drilling at SB_BH02 to minimize water production during air 
hammering and reduce cement losses to the formation during casing installation (Table 1). Two cement 
plugs were completed prior to installation of the intermediate casing and three more were completed prior 
to installation of the production casing. All cement plugs were completed by Integral Pumping Services 
under supervision of Geofirma staff. Detailed descriptions of the cement plug depths, cement volumes, 
and methods are described in the SB_BH02 Drilling (WP02) Data Report (Geofirma 2023).  

Table 1 Summary of Cement Plugs at SB_BH02 During Drilling 

Cement 
Plug # Date Cemented Top Depth 

(m BGS) 

Bottom 
Depth 

(m BGS) 

Cement 
Volume 

(m3) 
Rational for Cementing 

Plug 1 26-Oct-2021 49.88 77.23 2.0 Reduce water production during air 
hammering and reduce cement losses 
during installation of intermediate casing Plug 2 1-Nov-2021 49.88 72.53 1.2 

Plug 3 2-Dec-2021 78.82 204.69 4.0 Reduce water production during air 
hammering and reduce cement losses 
during installation of production casing 

Plug 4 7-Dec-2021 105.54 204.54 7.0 
Plug 5 14-Dec-2021 78.82 204.54 5.0 

2.2 Temporary Borehole Sealing After Drilling 

2.2.1 Selection of Seal Locations 

The locations of temporary seals were selected by the Geofirma WP08 Lead and confirmed by the 
NWMO. A total of five locations were selected for sealing in SB_BH02, using a combination of four 
packers and one bridge plug (Table 2).  

Figure 2 shows the locations of packers and bridge plugs that were installed to temporarily seal SB_BH2. 
The locations of the seals were selected to minimize vertical cross-connection between intervals of 
different water chemistry and formation pressures within the borehole. Water chemistry information was 
obtained from opportunistic groundwater sampling (WP07) and geophysical logs (WP05), and formation 
pressures were obtained from straddle packer hydraulic testing (WP06). Geophysical logs (e.g. ATV and 
mechanical caliper) were also used to ensure that the packers were set at locations where they would 
provide a good seal.  
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Table 2 Packer and Bridge Plug Seal Locations for SB_BH02 

Sealing 
Equipment 

Seat Depth 
Midpoint 
(m BGS) 

Seal 
Length 

(m)1 

Serial 
Number 

Installation 
Date Selection Rational 

Packer 1 850.00 1.27 RN04353 21-Sep-2022 
Isolate the Shadow Lake and Precambrian 
from subnormal pressures in the overlying 
Ordovician strata. 

Packer 2 785.00 1.27 RN07111 22-Sep-2022 

Isolate strong subnormal (under) pressures 
in the Ordovician shales, Cobourg, Sherman 
Fall, and Kirkfield formations from moderate 
subnormal pressures in the Coboconk and 
Gull River formations. 

Packer 3 455.00 1.27 RN04116 25-Sep-2022 

Isolate normal pressures and permeable 
intervals in the lower Silurian that were 
sampled during OGW5 and OGW6 from 
subnormal pressures in the underlying 
Ordovician shales and limestones. Slight 
overpressures (relative to fresh water 
hydrostatic) were also observed in the Cabot 
Head, Manitoulin, and upper part of the 
Queenston formations. 

Packer 4 320.00 1.27 RN05735 26-Sep-2022 
Isolate the upper Salina Group interval from 
permeable zones sampled during OGW5 
and OGW6.  

Bridge  
Plug 1 201.58 0.66 RN05019 28-Sep-2022 

Approximately 3.5 m above the bottom of 
production casing. Isolated the cased 
interval from the open hole. 

1. Element seal length from Weatherford Inspection sheets 
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Figure 2 SB_BH02 Seal Configuration with Select Supporting WP03, WP05, WP06, and 
WP07 Data  
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2.2.2 Inspection and Installation of Packers 

Four Weatherford Single Set Pull Release (SSPR) Injection Production Packers (IPP) were used to 
provide the seals in the open section of the borehole. Product information sheets for the packers and 
bridge plugs that were used for sealing activities are provided in Appendix A. 

The IPP were inspected by the manufacturer prior to delivery at the site. Records of the manufacturer 
inspections are provided in Appendix B and the subsequent onsite inspections by Geofirma staff were 
recorded in the WP08 DQC Workbook. 

Installation of the IPP were completed by Vital Drilling staff following operating instructions that were 
provided by Weatherford. Since the packers were installed at a relatively shallow depth, Weatherford 
provided specialized instructions for each targeted seal depth. Downhole Keller pressure transducers 
were used to monitor tubing and annulus pressures during installation. Installation procedures that were 
provided by Weatherford IPP are summarized below: 

 Complete surface inspection of packer element and setting tool. Attach both to the tubing. 

 Run in at a moderate rate and do not allow drill tubing to rotate. Avoid sudden stops: the 
momentum of the fluid in the tubing can inflate the element a small amount at each stop. The 
tubing should be kept at ~3.5 MPa under balance so that the packer sealing check valve functions 
properly, however, be careful not to prematurely inflate the packer. 

 After reaching the targeted depth (determined by calculated stick up for tubing string), pump clean 
traced fluid at a slow pump rate until the tubing overbalance pressure (above hydrostatic) reaches 
5 MPa. Hold for 10 minutes to allow packer element to conform to the shape of the hole. 

 Slowly increase inflation pressure another 5 MPa (10 MPa total) above annulus pressure. 

 When the desired inflation pressure (∆P) is reached (minimum 8.3 MPa) lock in the packer 
pressure by bleeding off the pressure as quickly as possible.   

After seating the packer, successful inflation was verified by completing compression and pull tests. 
During these tests, the weight of the tubing string monitored as it was lifted (pull test) and lowered 
(compression test) between 5-30 cm from the neutral setting position. The total movement on the tubing 
string for each compression/pull test was specified by Weatherford prior to packer installation.  

Table 3 provides a summary of the inflation data for the four IPPs (Packers 1 through 4) that were installed 
at SB_BH02. Records of the packer inflation and inflation verification procedure were also recorded in 
the WP08 DQC workbook.  

Table 3 Packer Inflation Summary for SB_BH02 

Sealing 
Equipment 

Seat 
Depth 

Midpoint 
(m BGS) 

Hydrostatic 
Pressure at 

Depth 
(MPa) 

Step 1 
Inflation 
Pressure 

(MPa) 

Final 
Inflation 
Pressure 

(MPa) 

Final 
Inflation 

∆P 
(MPa) 

Inflation Verification 

Packer 1 850.00 8.97 13.90 18.90 9.93 Passed compression and pull tests 
Packer 2 785.00 8.25 13.28 18.48 10.23 Passed compression and pull tests 
Packer 3 455.00 4.80 10.40 15.48 10.68 Passed compression and pull tests 
Packer 4 320.00 3.38 8.96 13.88 10.50 Passed compression and pull tests 
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2.2.3 Inspection and Installation of Bridge Plug 

A single Weatherford WRH heavy duty wireline set retrievable bridge plug was installed at 201.58 m 
BGS, near the bottom of the production casing, to seal off the casing from the open borehole below. At 
SB_BH02 the bridge plug was installed using the tubing setting tool instead of the conventional wireline 
setting tool.  

The bridge plug was inspected by the manufacturer prior to delivery at the site. Record of the 
manufacturer inspection of the bridge plug is provided in Appendix B and the subsequent onsite 
inspection by Geofirma staff was recorded in the WP08 DQC Workbook. 

Installation of the WRH bridge plug was completed by Vital Drilling staff following operating instructions 
that were provided by Weatherford. Installation procedures for the Weatherford WRH bridge plug are 
summarized below: 

 Complete surface inspection of bridge plug and attach to tubing-conveyed setting tool. 

 Slowly run in tubing to the targeted set depth.  

 Upon reaching the targeted set depth, set the bridge plug using the tubing setting tool: 

o Slowly increase the tubing pressure to compress the bridge plug, increase pressure in 
~3000 kPA steps and hold for 2 min at each step. 

o Once at ~ 14000 kPa, a shear pin on the bridge plug releases, setting the plug and 
relieving pressure from the tubing. 

o The tubing conveyed setting tool is then retrieved.  

Table 4 provides a summary of the installation data for the bridge plug that was installed at SB_BH02. 
Record of the bridge plug installation is also recorded in the WP08 DQC workbook. 

Table 4 Bridge Plug Installation Summary for SB_BH02 

Sealing 
Equipment 

Seat 
Depth 

Midpoint 
(m BGS) 

Setting 
Step #1 

Initial 
Step 

Pressure 
(MPa) 

Final 
Step 

Pressure 
(MPa) 

Step 
Duration 
(minutes) 

Comments 

Bridge Plug 1 201.58 

1 3.14 3.11 3  
2 6.77 6.75 2  
3 9.52 9.48 2  
4 11.85 11.35 2  

5 ~14.00 <0.10 1 Shear pin releases, installation of 
bridge plug completed 

Note: pressures reported in table tubing gauge pressure 

2.3 Removal of Temporary Seals 

None of the temporary seals that were installed in SB_BH02 (four IPPs and bridge plug) were removed 
by Geofirma or Geofirma’s subcontractors. At the time of writing this report, all five sealing elements were 
still installed in SB_BH02.  
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2.4 Data Quality Assurance and Quality Control (QA/QC) 

Temporary borehole sealing (WP08) activities were completed following procedures and data quality 
requirements outlined in the WP08 Test Plan and the Project Quality Plan. All field data associated with 
WP08 activities were recorded directly into a purpose-built Data Quality Confirmation (DQC) workbook.  

. 
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3 CONCLUSIONS 

Geofirma Engineering Ltd. completed temporary well sealing activities at the borehole SB_BH02 as part 
of Work Package 8 (WP08) for the NWMO’s Phase 2 Initial Borehole Drilling and Testing Program. 
Temporary well sealing activities were completed between October 26, 2021, and September 28, 2022.  
 
Five cement plugs were completed during drilling of SB_BH02 to minimize water production during air 
hammering (hole opening) and to reduce cement losses during installation of the intermediate and 
production casings. The cement plugs were completed by Integral Pumping Services between October 
26 to December 14, 2021.  
 
Five sealing elements were used to seal SB_BH02 after completion of drilling and testing activities. Four 
Single Set Pull Release (SSPR) Injection Production Packers (IPP) were installed in the open borehole 
between September 21-26, 2022, and one Weatherford WRH heavy duty wireline set retrievable bridge 
plug was installed near the bottom of the production casing on September 21, 2022.  
 
The locations of the sealing elements were selected to minimize vertical cross-connection between 
intervals of different water chemistry and formation pressures within the borehole. The bridge plug was 
set at 201.58 m and the IPP packers were set at 320 m, 455 m, 785 m, and 850 m below ground surface. 
Installation of the bridge plug and packers was completed by Vital Drilling under supervision of Geofirma 
staff. 
 
None of the temporary seals that were installed in SB_BH02 (four IPPs and bridge plug) were removed 
by Geofirma or Geofirma’s subcontractors. At the time of writing this report, all five sealing elements were 
still installed in SB_BH02.  
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44.121

5001.PRW54

02-5.51
8.92-1.32

146.4
88.711

3001.PRW54

32-02
2.43-8.92

005.4
03.411

1001.PRW54

62
7.83

52.4
59.701

7001.PRW54

7
8.771

02-71
8.92-3.52

662.6
61.951

9001.PRW74

62-32
7.83-2.43

870.6
83.451

7001.PRW74

92-62
2.34-7.83

869.5
95.151

5001.PRW74

53-23
1.25-6.74

218.5
26.741

3001.PRW74

83
6.65

656.5
66.341

1001.PRW74

8 8⁄5

80.912

82-02
7.14-8.92

187.7
46.791

5001.PRW94

04-23
5.95-6.74

135.7
92.191

3001.PRW94

94-44
9.27-5.56

213.7
27.581

1001.PRW94

9 8⁄5

5.442

63-3.92
6.35-6.34

395.8
62.812

5001.PRW15

74-04
9.96-5.95

734.8
03.412

3001.PRW15

5.35-74
6.97-9.96

812.8
47.802

1001.PRW15



WP08 Data Report: Temporary Well Sealing for SB_BH02 

   

Appendix B 
 

Weatherford Equipment Inspection Records 


















