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ABSTRACT 

Drill rig parameter measurements are routinely used during deep well construction to monitor and 
guide drilling conditions for improved performance and reduced costs. While insightful into the 
drilling process, these measurements are of reduced value without a standard to aid in data 
evaluation and decision making.  In the main body of this work (Volume 1), a method is 
demonstrated whereby rock reduction model constraints are used to interpret drilling response 
parameters; the method could be applied in real-time to improve decision-making in the field and to 
further discern technology performance during post-drilling evaluations. Drilling parameters are 
evaluated using laboratory-validated rock reduction models for predicting the phenomenological 
response of drag bits (Detournay and Defourny, 1992) in computational algorithms. The method 
presented has applicability to development of advanced analytics on future geothermal wells using 
real-time electronic data recording for improved performance and reduced drilling costs. A drilling 
cost model is also used to show the tradeoff between rate of penetration and bit life and the 
influence on interval drilling costs. 
 
Details of the bit specifications and performance are cataloged in an independent volume, 
documented under separate cover, for each of the four wells, and include Volume 2: Utah FORGE 
16A(78)-32; Volume 3: Utah FORGE 56-32; Volume 4: Utah FORGE 78B-32 and Volume 5: Utah 
FORGE 16B(78)-32. 
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EXECUTIVE SUMMARY 

The United States Department of Energy has sponsored development of geothermal well 
construction at the Utah Frontier Observatory for Research in Geothermal Energy (FORGE). Drill 
rig parameter data were acquired by drilling contractor Frontier Drilling and evaluated for four wells: 
1) Utah FORGE 16A(78)-32, a directional injection well with vertical depth to a kick-off point at 
5892 ft and a 65 degree tangent to a measured depth of 10987 ft and, 2) Utah FORGE 56-32, a 
vertical monitoring well to a depth of 9145 ft, 3) Utah FORGE 78B-32, a vertical well drilled to a 
depth of 9500 ft, and 4) Utah FORGE 16B(78)-32, a directional production well drilled vertically to 
a kick-off point at 5269 ft, and a 65 degree tangent to a measured depth of 10947 ft.  Sandia 
National Labs has accessed, cataloged, evaluated and recorded drill bit performance information 
used on the four Utah FORGE wells herein. 
 
The subject drilling program has resulted in a large database of bit performance and durability 
records for drilling hot, hard rock characteristic of geothermal reservoirs.  The majority of the Utah 
FORGE wells were drilled almost exclusively with Polycrystalline Diamond Compact (PDC) drill 
bits.  The characteristic features of PDC bits and cutters are accordingly reviewed.  While synthetic 
diamond cutter materials and bit design methodologies have improved over time, the recent success 
of these types of bits in hard rock formations may also be attributed to monitoring of drilling system 
response parameters using electronic data recorders on the surface rig for preferential performance 
and bit health monitoring. 
 
Drill rig parameter measurements are routinely used during deep well construction to monitor and 
guide drilling conditions for improved performance and reduced costs. While insightful into the 
drilling process, these measurements are of reduced value without a standard to aid in data 
evaluation and decision making.  In the main body of this work (Volume 1), a method is 
demonstrated whereby rock reduction model constraints are used to interpret drilling response 
parameters; the method could be applied in real-time to improve decision-making in the field and to 
further discern technology performance during post-drilling evaluations. Drilling parameters are 
evaluated using laboratory-validated rock reduction models for predicting the phenomenological 
response of drag bits (Detournay and Defourny, 1992) in computational algorithms. The method 
presented has applicability to development of advanced analytics on future geothermal wells using 
real-time electronic data recording for improved performance and reduced drilling costs. 
 
Bit program and performance summaries are tabulated and presented for each well.  These 
summaries include bit manufacturer model references, drilling system penetration rates, and overall 
bit lives.  Representative drilling parameter data are evaluated to illustrate parameter use to monitor 
bit response, wear, and cutting structure damage.  These bits failed by both normal wear and tear 
and drilling dynamic dysfunctions resulting in chipped and worn cutters, cutter shear and ring outs.  
Nevertheless, exemplar bit penetration rates easily exceeded 100 ft/hr and produced several 100 feet 
of hole construction.  The tradeoff between rate of penetration and bit life is addressed with a 
drilling cost model using representative drilling cost parameters. 
 
Details of the bit specifications and performance are cataloged in an independent volume, 
documented under separate cover, for each of the four wells, and include Volume 2: Utah FORGE 
16A(78)-32; Volume 3: Utah FORGE 56-32; Volume 4: Utah FORGE 78B-32 and Volume 5: Utah 
FORGE 16B(78)-32.  Bottom hole assembly information and daily drilling reports are also included. 
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ACRONYMS AND DEFINITIONS 

Abbreviation Definition 

BHA Bottom Hole Assembly 

DOE Department of Energy 

EDR Electronic Data Recording 

FORGE Frontier Observatory for Research in Geothermal Energy 

GTO Geothermal Technology Office 

ROP Rate of Penetration 

WOB Weight on Bit 
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1. BACKGROUND AND INTRODUCTION 

Geothermal drilling is difficult as the rock is hot, hard, and often fractured.  Wellbore construction 
costs have historically dominated the cost of geothermal energy development and have been an 
impediment to widespread development of geothermal energy.  Technology improvements are 
needed to enable improved access and reduced drilling costs. 
 
One technology improvement that can be applied to geothermal wellbore construction is the use of 
polycrystalline diamond compact (PDC) drill bits.  Research and development on PDC drill bits has 
been sponsored by the United States Department of Energy for years resulting in improved 
diamond formulations, bonding techniques, bit designs, and hardening features that comprise the 
state of the art in the drilling industry.  The oil and gas industry has benefited widely from these 
developments as the bits are routinely used to drill the majority of oil and gas wells worldwide.  
While the geothermal industry has benefited from incidental use of PDC bits for geothermal drilling, 
recent use of PDC bits at the DOE-sponsored Utah FORGE site has resulted in significant data for 
evaluation to address the efficacy of PDC bits for geothermal drilling. 

1.1. Utah FORGE 

The DOE-sponsored program, Utah Frontier Observatory for Research in Geothermal Energy 
(FORGE) was implemented to foster the development and demonstration of technologies supporting 
commercial applications of geothermal energy.  The site is located near Milford, Utah (Moore, 2019).   
US DOE sponsorship of the FORGE activities de-risks developing technology for accessing deep 
geothermal reserves on a broad scale.  One of the primary obstacles to commercial geothermal 
development is high drilling costs.  The FORGE campaign applies state-of-the-art drilling technology 
to demonstrate well construction and completion activities on a utility scale.  Multiple wells are 
planned over the life of the FORGE program.  Well 16A(78)-32 is a directional well. Well 56-32 is a 
vertical monitoring well. Well 78B-32 is a vertical monitoring well. Well 16B(78)-32 is a directional 
well. These four wells were drilled with the top-drive, triple shown in Figure 1-1.   
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Figure 1-1. Frontier Rig 16 used to drill wells 16A(78)-32, 56-32,78B-32 and 16B(78)-32. 

1.2. Sandia Role 

With a long legacy of programmatic research pertaining to the development of synthetic diamond 
drill bit technology, Sandia is participating with DOE/EERE/GTO and the Utah FORGE drilling 
program to provide evaluations of the rock reduction technologies used at Utah FORGE.  Although 
not expressly involved in the day-to-day decisions associated with the drilling program, the Sandia 
team has accessed electronic data recording (EDR) services to review drilling system performance.  
This effort has primarily been focused on monitoring and evaluation of multiple parameters to 
identify areas where improved productivity and cost savings can be realized via improved drilling 
performance.  Drilling response parameters have been compared to rock reduction model 
constraints that have been proven in the laboratory to identify possible performance enhancement 
areas. 

The methods used have been exercised in a post-processing manner.  To provide the greatest 
benefit to the drilling process, a method is needed to enable the intuitive interpretation of response 
parameters and is amenable to implementation in computational algorithms for real-time evaluation.  
A method is demonstrated whereby drilling response parameters may be interpreted for improved 
drilling performance.  This analysis is not an exhaustive assessment but rather an overview of 
representative bit performance that demonstrates the application of the approach using rock 
reduction constraints. Drilling data from the Utah FORGE site have been used for the analyses. 
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2. FORGE WELL 56-32 DESCRIPTION 

2.1. Well Program 

Utah FORGE Well 56-32 was drilled vertically to a depth of 9105 ft. The well will be used for 
monitoring and research activities. The well profile is shown in Figure 2-1. 
 

 

Figure 2-1. Utah FORGE Well 56-32 Profile. 

2.2. Drilling Parameter Data Acquisition 

Pason US DataHub service was used to access EDR. 

2.3. Drilling Narrative 

FORGE well 56-32 bit runs comprised the following: 

• 17-1/2” Diameter Surface Hole 
o Bit Run #1 (Frontier Bit #1) drilled 17-1/2” hole from 128’ to 380.5’. 

o 13-3/8” diameter casing was set and cemented. 
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• 12-1/4” Diameter Vertical Hole 

o Bit Run #2  (Frontier Bit #2) drilled out the cement to 390’. 

o Bit Run #3 (Frontier Bit #3) drilled 12-1/4” hole from 390’ to 3309’. 

o Bit Run #4 (Frontier Bit #4) drilled 12-1/4” hole from 3309’ to 3500’. 

o 9-5/8” diameter casing was set and cemented. 

o Bit Run #5 (Frontier Bit #5 & #2) was used to drill out the cement. 

• 8-3/4” Diameter Vertical Hole 

o Bit Run #6 (Frontier Bit #6) drilled 8-3/4” vertical hole from 3506’ to 4595’. 

o Bit Run #7 (Frontier Bit #7) drilled 8-3/4” vertical hole from 4595’ to 5143’. 

o Bit Run #8 (Frontier Bit #8) drilled 8-3/4” vertical hole from 5143’ to 5610’. 

o Bit Run #9 (Frontier Bit #9) drilled 8-3/4” vertical hole from 5610’ to 5999’. 

o Bit Run #10 (Frontier Bit #10) drilled 8-3/4” vertical hole from 5999’ to 7208’. 

o Bit Run #11 (Frontier Bit #11) drilled 8-3/4” vertical hole from 7208’ to 7620’. 

o Bit Run #12 (Frontier Bit #12) drilled 8-3/4” vertical hole from 7620’ to 7628’. 

o Bit Run #13 (Frontier Bit #11) drilled 8-3/4” vertical hole from 7628’ to 7663’. 

o Bit Run #14 (Frontier Bit #13) drilled 8-3/4” vertical hole from 7663’ to 7667’. 

o Bit Run #15 (Frontier Bit #13) drilled 8-3/4” vertical hole from 7667’ to 8900’. 

o Bit Run #16 (Frontier Bit #14) drilled 8-3/4” vertical hole from 8900’ to 9145’. 

2.4. Bit Program & Performance Summary 

The bit program and resulting performance used on FORGE 56-32 are shown in Table 2-1 and 
Figure 2-2. Individual bit run summaries and processed data for FORGE well 16B(78)-32 is 
summarized in Section 3. A bit run summary is included for each bit along with BHA component 
information where pre-drill and post-drill images are included when available. The EDR data 
acquired for each bit was taken at a rate of one sample per 1 ft. This data is processed for each drill-
ahead bit and includes 1) Reduction parameters (WOB, Torque on Bit, Bit Speed, and ROP vs. 
Depth, 2) Depth of cut per revolution vs. Depth, 3) Specific Energy and Drilling Strength vs. 
Depth, 4) Specific Energy vs. Drilling Strength (the linear regression does not account for the scatter 
due to sliding), 5) Rotary Speed Components (Top Drive, Motor and Bit) vs. depth, and 6) Rotary 
Torque components (Top Drive, Motor and Bit) vs. depth. 
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Table 2-1. FORGE Well 56-32 Bit Summary  

Bit Run No. Manufacturer Type Serial No. BHA
Bit Dia. 

(in)

Depth 

Start (ft)

Depth 

End (ft)

Total 

Footage 

(ft)

Time on 

Bottom 

(hrs)

Net ROP 

(ft/hr)

1 ReedHycalog TK59-B1 A252419 1 17.50 134.0 381.0 247.0 1.2 205.8

2 - M-22 - - 12.25 381.0 390.0 9.0 0.1 90.0

3 ReedHycalog TKC66-R1 A266974 2 12.25 390.0 3309.0 2919.0 9.7 300.9

4 ReedHycalog TK63-A1A A268226 3 12.25 3309.0 3500.0 191.0 2.6 73.5

5 - GX-177 - 4 8.75 3500.0 3506.0 6.0 0.8 7.5

6 ReedHycalog TKC73-H1 A275660 4 8.75 3506.0 4595.0 1089.0 28.9 37.7

7 - EP5475 5042714 5 8.75 4595.0 5143.0 548.0 26.2 20.9

8 ReedHycalog TKC63-P1 A277166 6 8.75 5143.0 5610.0 467.0 15.5 30.1

9 ReedHycalog TKC63-P1 A271436 7 8.75 5610.0 5999.0 389.0 14.8 26.3

10 ReedHycalog FTKC73-A1 A275803 8 8.75 5999.0 7208.0 1209.0 52.1 23.2

11 ReedHycalog FTKC73-A1 A276121 9 8.75 7208.0 7620.0 412.0 4.8 85.8

12 E6 Hammer - - 8.75 7620.0 7628.0 8.0 0.8 10.0

13 ReedHycalog FTKC63-A1 A276121 - 8.75 7628.0 7663.0 35.0 1.1 31.8

14 E6 Hammer - - 8.75 7663.0 7667.0 4.0 0.8 5.0

15 ReedHycalog TKC63-P1 A271437 10 8.75 7667.0 8900.0 1233.0 37.0 33.3

16 ReedHycalog FTKC83-A3 A276071 11 8.75 8900.0 9145.0 245.0 3.2 76.6

 

Figure 2-2. Utah FORGE Well 56-32 Bit Program and Performance Summary. 

 

Individual bit run summaries and processed data for FORGE well 78B-32 is summarized in Section 
3.   
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2.5. Depth vs Days Summary 

 

 

Figure 2-3. Depth vs Days Summary for Utah FORGE Well 56-32. 
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3. BIT RUN SUMMARIES AND PROCESSED DATA 

3.1. Bit-01 

Table 3-1: Bit 1 run summary. 

Run No. Run Date Bit Diameter (in) Manufacturer Type Serial No 

1 2/8/2021 17.50 ReedHycalog TK59-B1 A25419 

BHA No. 
Depth 

Start (ft) 
Depth End (ft) 

Total 
Footage (ft) 

Time on 
Bottom (hrs) 

Net ROP 
(ft/hr) 

1 133 380 247 1.2 205.8 

 
Table 3-2: BHA 1 component makeup. 

BHA 
No. 

Component Stab. 
OD 

OD ID Length Cum. 
Length 

1 JETS 5 X 18 PDC BIT TFA=1.243  7.5 3 1.2 1.3 

2 9 5/8 MOTOR 6.7L 5.0Stg .13RPG  9.625  33.63 34.83 

3 NMST STAB 17.25 8.0625 3 5.4 40.23 

4 4 SHOCK TOOL  8.0625 2.875 12.68 52.91 

5 NMUBHO  8.125 3.75 3.53 56.44 

6 NMDC  7.875 3.25 28.96 85.4 

7 XO    3.34 88.74 
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3.2. Bit-02 

Table 3-3: Bit 2 run summary. 

Run No. Run Date Bit Diameter (in) Manufacturer Type Serial No 

2 2/9/2021 12.25 Mill Tooth M-22 - 

BHA No. 
Depth 

Start (ft) 
Depth End (ft) 

Total 
Footage (ft) 

Time on 
Bottom (hrs) 

Net ROP 
(ft/hr) 

-   381 390 9 0.1 90.0 
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3.3. Bit-03 

Table 3-4: Bit 3 run summary. 

Run No. Run Date Bit Diameter (in) Manufacturer Type Serial No 

3 2/9/2021 12.25 ReedHycalog TKC66-R1 A266974 

BHA No. 
Depth 

Start (ft) 
Depth End (ft) 

Total 
Footage (ft) 

Time on 
Bottom (hrs) 

Net ROP 
(ft/hr) 

2 390 3308 2918 9.7 300.9 

 
Table 3-5: BHA 2 component makeup. 

BHA 
No. 

Component Stab. 
OD 

OD ID Length Cum. 
Length 

1 JETs 6 x 14 PDC BIT TFA= 0.9019  12.35 3 1.2 1.2 

2 8" MOTOR 7:8L 5.9Stg .16RPG  8  33.12 34.32 

3 NMUBHO  8.125 3.75 3.53 37.85 

4 NM STAB  8 3 4.85 42.7 

5 NMDC  7.875 3.25 28.96 71.66 

6 SHOCK TOOL  8.0625 2.875 12.68 84.34 

7 DRILL COLLAR  8 3 273.61 357.95 

8 XO    3.19 361.14 

9 24 x HWDP  5 3.25 730.42 1091.56 

 
Images: 
 

 

 
Figure 3-1. Post-drill photo of bit #3. 

 

 

 

 



 

21 

Bit Run Figures: 
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3.4. Bit-04 

Table 3-6: Bit 4 run summary. 

Run No. Run Date Bit Diameter (in) Manufacturer Type Serial No 

4 2/10/2021 12.25 ReedHycalog TKC63-A1A A26B2226 

BHA No. 
Depth 

Start (ft) 
Depth End (ft) 

Total 
Footage (ft) 

Time on 
Bottom (hrs) 

Net ROP 
(ft/hr) 

3 3308 3500 192 2.6 73.5 

 
Table 3-7: BHA 3 component makeup. 

BHA 
No. 

Component 
Stab. 
OD 

OD ID Length 
Cum. 

Length 

1 JETs 6 x 14 PDC BIT TFA= 0.9019  12.35 3 1.2 1.2 

2 8" MOTOR 7:8L 5.9Stg .16RPG  8  33.12 34.32 

3 NMUBHO  8.125 3.75 3.53 37.85 

4 NM STAB  8 3 4.85 42.7 

5 NMDC  7.875 3.25 28.96 71.66 

6 SHOCK TOOL  8.0625 2.875 12.68 84.34 

7 DRILL COLLAR  8 3 273.61 357.95 

8 XO    3.19 361.14 

9 24 x HWDP  5 3.25 730.42 1091.56 

 
Images: 
 

 

 
Figure 3-2. Post-drill photo of bit #4.  
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Bit Run Figures: 
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3.5. Bit-05 

Table 3-8: Bit 5 run summary. 

Run No. Run Date Bit Diameter (in) Manufacturer Type Serial No 

5 2/11/2021 8.75 Hughes 
TOOTH 
GX-117 

 

BHA No. 
Depth 

Start (ft) 
Depth End (ft) 

Total 
Footage (ft) 

Time on 
Bottom (hrs) 

Net ROP 
(ft/hr) 

4 3500 3506 6 0.8 7.5 

 
Table 3-9: BHA 4 component makeup. 

BHA 
No. 

Component 
Stab. 
OD 

OD ID Length 
Cum. 

Length 

1 Jets4x13 3x12 PDC TFA=.849  8.75 1.5 0.85 0.85 

2 7" Motor 6:7 6.5 1.50Fixed 8.5 7  33.02 33.87 

3 NMUBHO  6.8125 3.25 3.04 36.91 

4 NM STAB 8.5 6.5 3 4.12 41.03 

5 NMDC  6.5 3.25 27.81 68.84 

6 SHOCK TOOL  6.75  10.73 79.57 

7 12XDC'S  6.5 2.875 368.13 447.7 

8 24XHWDP  5 3.25 730.42 1178.12 
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3.6. Bit-06 

Table 3-10: Bit 6 run summary. 

Run No. Run Date Bit Diameter (in) Manufacturer Type Serial No 

6 2/13/2021 8.75 ReedHycalog TKC73-H1 A275660 

BHA No. 
Depth 

Start (ft) 
Depth End (ft) 

Total 
Footage (ft) 

Time on 
Bottom (hrs) 

Net ROP 
(ft/hr) 

4 3506 4595 1089 28.9 37.7 

 
Table 3-11: BHA 4 component makeup. 

BHA 
No. 

Component 
Stab. 
OD 

OD ID Length 
Cum. 

Length 

1 Jets4x13 3x12 PDC TFA=.849  8.75 1.5 0.85 0.85 

2 7" Motor 6:7 6.5 1.50Fixed 8.5 7  33.02 33.87 

3 NMUBHO  6.8125 3.25 3.04 36.91 

4 NM STAB 8.5 6.5 3 4.12 41.03 

5 NMDC  6.5 3.25 27.81 68.84 

6 SHOCK TOOL  6.75  10.73 79.57 

7 12XDC'S  6.5 2.875 368.13 447.7 

8 24XHWDP  5 3.25 730.42 1178.12 

 
Images: 
 

 

 
Figure 3-3. Post-drill photo of bit #6. 
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Bit Run Figures: 
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3.7. Bit-07 

Table 3-12: Bit 7 run summary. 

Run No. Run Date Bit Diameter (in) Manufacturer Type Serial No 

7 2/14/2021 8.75 Hughes EP5475 5042714 

BHA No. 
Depth 

Start (ft) 
Depth End (ft) 

Total 
Footage (ft) 

Time on 
Bottom (hrs) 

Net ROP 
(ft/hr) 

5 4595 5143 548 26.2 20.9 

 
Table 3-13: BHA 5 component makeup. 

BHA 
No. 

Component 
Stab. 
OD 

OD ID Length 
Cum. 

Length 

1 Jets 3x20 TriCone/TFA .92  8.75 1.5 0.85 0.85 

2 7" Motor 6:7 6.5 1.50Fixed 8.5 7  33.07 33.92 

3 NMUBHO  6.8125 3.25 3.04 36.96 

4 NM STAB 8.5 6.5 3 4.54 41.5 

5 NMDC  6.5 3.25 27.81 69.31 

6 SHOCK TOOL  6.75  10.69 80 

7 12XDC'S  6.5 2.875 368.13 448.13 

8 24XHWDP  5 3.25 730.42 1178.55 

 
Images: 
 

 

 
Figure 3-4. Post-drill photo of bit #7. 
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Bit Run Figures: 
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3.8. Bit-08 

Table 3-14: Bit 8 run summary. 

Run No. Run Date Bit Diameter (in) Manufacturer Type Serial No 

8 2/16/2021 8.75 ReedHycalog TKC63-P1 A277166 

BHA No. 
Depth 

Start (ft) 
Depth End (ft) 

Total 
Footage (ft) 

Time on 
Bottom (hrs) 

Net ROP 
(ft/hr) 

6 5143 5610 467 15.5 30.1 

 
Table 3-15: BHA 6 component makeup. 

BHA 
No. 

Component 
Stab. 
OD 

OD ID Length 
Cum. 

Length 

1 Jets 6X14 PDC/TFA .902  8.75 1.5 0.85 0.85 

2 7" Motor 6:7 6.5 1.50 Fixed 8.5 7  33.02 33.87 

3 NMUBHO  6.8125 3.25 3.04 36.91 

4 NM STAB 8.5 6.5 3 4.54 41.45 

5 NMDC  6.5 3.25 27.81 69.26 

6 SHOCK TOOL  6.75  10.69 79.57 

7 12XDC'S  6.5 2.875 368.13 448.08 

8 24XHWDP  5 3.25 730.42 1178.5 

 
Images: 
 

 

 
Figure 3-5. Post-drill photo of bit #8. 
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Bit Run Figures: 
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3.9. Bit-09 

Table 3-16: Bit 9 run summary. 

Run No. Run Date Bit Diameter (in) Manufacturer Type Serial No 

9 2/17/2021 8.75 ReedHycalog TKC63-P1 A271436 

BHA No. 
Depth 

Start (ft) 
Depth End (ft) 

Total 
Footage (ft) 

Time on 
Bottom (hrs) 

Net ROP 
(ft/hr) 

7 5610 5999 389 14.8 26.3 

 
Table 3-17: BHA 7 component makeup. 

BHA 
No. 

Component 
Stab. 
OD 

OD ID Length 
Cum. 

Length 

1 Jets 3X14 3X13 PDC/TFA .846  8.75 1.5 0.85 0.85 

2 7" Motor 6:7 6.5 1.50Fixed 8.5 7  33.07 33.92 

3 NMUBHO  6.8125 3.25 3.04 36.96 

4 NM STAB 8.5 6.5625 3 5.1 42.06 

5 NMDC  6.5 3.25 27.81 69.87 

6 SHOCK TOOL  6.875  10.8 80.67 

7 12XDC'S  6.5 2.875 368.13 448.8 

8 24XHWDP  5 3.25 730.42 1178.22 

 
Images: 
 

 

 
Figure 3-6. Post-drill photo of bit #9. 
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Bit Run Figures: 
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3.10. Bit-10 

Table 3-18: Bit 10 run summary. 

Run No. Run Date Bit Diameter (in) Manufacturer Type Serial No 

10 2/18/2021 8.75 ReedHycalog FTKC73 A275803 

BHA No. 
Depth 

Start (ft) 
Depth End (ft) 

Total 
Footage (ft) 

Time on 
Bottom (hrs) 

Net ROP 
(ft/hr) 

8 5999 7208 1209 52.1 23.2 

 
Table 3-19: BHA 8 component makeup. 

BHA 
No. 

Component Stab. 
OD 

OD ID Length Cum. 
Length 

1 Jets 3X12 4X13 PDC/TFA .850  8.75 1.5 0.85 0.85 

2 7" Motor 7:8 8.5 1.50Fixed 8.5 7  34.24 35.09 

3 NMUBHO  6.8125 3.25 3.04 38.13 

4 NM STAB 8.5 6.5625 3 4.7 42.83 

5 NMDC  6.5 3.25 27.81 70.64 

6 12XDC'S  6.5 2.875 368.13 438.77 

7 24XHWDP  5 3.25 730.42 1169.19 

 
Images: 
 

 

 
Figure 3-7. Post-drill photo of bit #10. 
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Bit Run Figures: 
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3.11. Bit-11 

Table 3-20: Bit 11 run summary. 

Run No. Run Date Bit Diameter (in) Manufacturer Type Serial No 

11 2/20/2021 8.75 ReedHycalog FTKC63-A1 A276121 

BHA No. 
Depth 

Start (ft) 
Depth End (ft) 

Total 
Footage (ft) 

Time on 
Bottom (hrs) 

Net ROP 
(ft/hr) 

9 7208 7620 412 4.8 85.8 

 
Table 3-21: BHA 9 component makeup. 

BHA 
No. 

Component 
Stab. 
OD 

OD ID Length 
Cum. 

Length 

1 Jets 3X14 4X13 PDC/TFA .840  8.75 1.5 0.85 0.85 

2 7" Motor 7:8 8 6.1 1.50Fixed 8.5 7  30.18 31.03 

3 NMUBHO  6.8125 3.25 3.04 34.07 

4 NM STAB 8.5 6.5625 2.8125 4.61 38.68 

5 NMDC  6.5 3.25 27.81 66.49 

6 12XDC'S  6.5 2.875 368.13 434.62 

7 24XHWDP  5 3.25 730.42 1165.04 

 
Images: 
 

 

 
Figure 3-8.  Post-drill photo of bit #11. 
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Bit Run Figures: 
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3.12. Bit-12 

Table 3-22: Bit 12 run summary. 

Run No. Run Date Bit Diameter (in) Manufacturer Type Serial No 

12 2/22/2021 8.75 E6 Hammer  

BHA No. 
Depth 

Start (ft) 
Depth End (ft) 

Total 
Footage (ft) 

Time on 
Bottom (hrs) 

Net ROP 
(ft/hr) 

- 7620 7627 7 0.8 10.0 

 

3.13. Bit-13 

Table 3-23: Bit 13 run summary. 

Run No. Run Date Bit Diameter (in) Manufacturer Type Serial No 

13 2/22/2021 8.75 ReedHycalog FTKC63-A1 AZ276121 

BHA No. 
Depth 

Start (ft) 
Depth End (ft) 

Total 
Footage (ft) 

Time on 
Bottom (hrs) 

Net ROP 
(ft/hr) 

- 7627 7662 35 1.1 31.8 
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Bit Run Figures: 
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3.14. Bit-14 

Table 3-24: Bit 14 run summary. 

Run No. Run Date Bit Diameter (in) Manufacturer Type Serial No 

14 2/23/2021 8.75 E6 MH180-04  

BHA No. 
Depth 

Start (ft) 
Depth End (ft) 

Total 
Footage (ft) 

Time on 
Bottom (hrs) 

Net ROP 
(ft/hr) 

- 7663 7667 4 0.8 5.0 
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3.15. Bit-15 

Table 3-25: Bit 15 run summary. 

Run No. Run Date Bit Diameter (in) Manufacturer Type Serial No 

15 2/23/2021 8.75 ReedHycalog TKC63-P1 A271437 

BHA No. 
Depth 

Start (ft) 
Depth End (ft) 

Total 
Footage (ft) 

Time on 
Bottom (hrs) 

Net ROP 
(ft/hr) 

10 7666 8900 1234 37.0 33.3 

 
Table 3-26: BHA 10 component makeup. 

BHA 
No. 

Component 
Stab. 
OD 

OD ID Length 
Cum. 

Length 

1 Jets 3x13 3x14 PDC/TFA .840  8.75 1.5 0.85 0.85 

2 7" Motor 7:8 8 6.1 1.50Fixed 8.5 7  30.17 31.02 

3 NMUBHO  6.8125 3.25 3.42 34.44 

4 NM STAB 8.5 6.5 2.8125 3.2 37.64 

5 NMDC  6.5 3.25 27.1 64.74 

6 12XDC'S  6.5 2.875 368.05 432.79 

7 JARS  6.5 3 33.51 466.3 

8 24XHWDP  5 3.25 730.42 1196.72 

 
Images: 
 

 

 
Figure 3-9. Post-drill photo of bit #15. 
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Bit Run Figures: 
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3.16. Bit-16 

Table 3-27: Bit 16 run summary. 

Run No. Run Date Bit Diameter (in) Manufacturer Type Serial No 

16 2/26/2021 8.75 ReedHycalog TKC83-A3 A276071 

BHA No. 
Depth 

Start (ft) 
Depth End (ft) 

Total 
Footage (ft) 

Time on 
Bottom (hrs) 

Net ROP 
(ft/hr) 

11 8900 9145 245 3.2 76.6 

 
Table 3-28: BHA 10 component makeup. 

BHA 
No. 

Component 
Stab. 
OD 

OD ID Length 
Cum. 

Length 

1 Jets 4x12 4x11 PDC/TFA .813  8.75 1.5 0.85 0.85 

2 7" Motor 7:8 8.5 1.50Fixed 8.5 7  34.28 35.13 

3 NMUBHO  6.8125 3.25 3.42 38.55 

4 NM STAB 8.5 6.5 2.8125 4.55 43.1 

5 NMDC  6.5 3.25 27.1 70.2 

6 12XDC'S  6.5 2.875 368.05 438.25 

7 JARS  6.5 3 33.51 471.76 

8 24XHWDP  5 3.25 730.42 1202.18 

 
Images: 
 

 

 
Figure 3-10. Post-drill photo of bit #16. 
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Bit Run Figures: 

 

 

 



 

54 

 

 

 

 



 

55 

 

This page left blank 



 

56 

REFERENCES 

[1] Moore, J. D., Characteristics of the Utah FORGE Site, 
https://gdr.openei.org/submissions/1209, ARMA2019_JMoore-FORGE.pdf, (2019). 

[2] Glowka, D. A., Development of a Method for Predicting the Performance and Wear of PDC 
Drill Bits, SAND86-1745, (1987). 

[3] Detournay, E., Defourny, P., “A Phenomenological Model for the Drilling Action of Drag Bits,” 
Int. J. Rock Mech. Min. Sci. & Geomech. Abstr., Vol. 29, No.1, (1992) 13-23. 

[4] Raymond, D., “PDC Bits Demonstrate Benefit Over Conventional Hard-Rock Drill Bits,” 
Geothermal Resources Council Transactions, Vol. 25, (2001) 125-132. 

[5] Raymond, D., et al, “PDC Bits Outperform Conventional Bit in Geothermal Drilling Project,” 
Geothermal Resources Council Transactions, Vol. 36, (2012) 307-315. 

[6] Bourgoyne, A.J.T., Chenevert , M.E. & Millheim, K.K., 1986. SPE Textbook Series, Volume 2: 
Applied Drilling Engineering, Society of Petroleum Engineers. 

[7] Winkler, D., and Swearingen, L., “Summary of Drilling Activities: Well 16A(78)-32,” Mar 2021. 

[8] Stevenson, M., et al, “FORGE 16A(78)-32 Drill Bit Analysis,” January 2021. 

[9] Stevenson, M., et al, “FORGE 56-32 Drill Bit Performance,” 02/27/2021. 

[10] ReedHycalog, Drill Bit Performance, FORGE 56-32 - Complete Well , Feb 27, 2021 (received). 

[11] Scientific Drilling, End of Well Report, Utah FORGE 16B(78)-32, June 2023 

  



 

57 

 

This page left blank 
 



 

A-1 

APPENDIX A. DAILY DRILLING REPORTS 
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