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Specifications

Norris Steel Sucker Rods & Drive Rods®

Norris Steel Sucker Rods and Drive Rods® are manufactured from micro-alloyed, modified special quality hot rolled carbon or
alloy steel. Bar and sucker rod dimensions and tolerances conform to API Spec 11B, latest edition, and AlSI Steel Products Manual.
Sucker rods are available in 5/8" (15.88 mm), 3/4" (19.05 mm), 7/8" (22.23 mm), 1" (25.40 mm) and 1 1/8" (28.58 mm). Drive
Rods® for Progressing Cavity Pump application are available in 1”7 (25.40 mm), 1 1/4” (31.75 mm), and 1 1/2” (38.10 mm) body
diameter and in 25’ (7.62 m) lengths.

All rods are staightened and inspected by Eddy Current for surface defects. Both ends are upset by automatic high-speed hot
forging. Rods are full length normalized to relieve residual stresses, air-quenched, and tempered to refine and homogenize grain
structure, and surface shot-blasted to remove any remaining heat treat scale. All rods are also Norpeened (shotpeened) to
improve fatigue life. Upset pin blanks are machined and dimensions gauged. Pin threads are cold-formed to strengthen the
thread from fatigue. An inhibitor-lubricant is applied to each pin and thread protector installed. An oil soluble coating protects
Norris rods from atmospheric corrosion in storage. All rods are bundled to prevent handling damage during transportation to

the well location. Quality control inspections are performed at each step of the manufacturing process.

Norris Type 54 78 75 96 97
AISI Grade | C-1541-VM | A-4142M A-4330-M | A-4138-M | A-4330-M
API Grade D D D SPECIAL SPECIAL
RANGE RANGE RANGE RANGE RANGE
Carbon 40/ .44 .38/.43 .30/.34 .38/.42 .30/.34
Manganese | 1.40/1.60 .80/1.00 .80/1.00 1.10/1.40 .80/1.00
Phosphorus | .040 Mx. .035 Mx .035 Mx. .035 Mx. .035 Mx.
Sulfur .040 Mx. .035 Mx. .040 Mx. .035 Mx. .040 Mx.
Silicon 15/.35 15/.35 15/.35 .20/.35 15/.35
Copper .35 Mx .35 Mx. .35 Mx .35 Mx .35 Mx.
Nickel 25 Mx 25 Mx 1.65/1.85 .30 Mx. 1.65/1.85
Chromium .20 Mx .90/1.10 80/1.00 | .55/.85Mx. | .80/1.00
Molybdenum| .06 Mx. 15/.25 .20/.30 .25/.35 .20/.30
Vandium .07/.09 .030/.045 .07/.09 .045/.065 .07/.09
iﬂ:,'ﬂﬁ,',';',';‘ - - - 027/.043

All specifications are subject to change without notice.
API Grades C and K information available upon request.

Drive Rod®is a registered trademark
of Alberta Oil Tool.




Specifications
Sucker Rod Selection Guide

Alberta Oil Tool manufactures the following types of Sucker Rods, Progressing Cavity Pump Drive Rods® &
Pony Rods to meet any pumping condition. API grades C and K information available upon request.

m Norris Type 54 API Grade D (Carbon) - AISI C-1541-VM Carbon-Manganese Alloy Steel. Designed for medium to heavy loads at any depth in
non-corrosive well fluids. This grade can be utilized in both reciprocating and Progressing Cavity Pump (PCP) applications.

® Norris Type 78 API Grade D (Alloy) - AlSI A-4142-M Chromium-Molybdenum Alloy Steel. Designed for heavy rod loads at any depth in mild to medium
corrosive well fluids that are effectively inhibited against corrosion attack. This grade has been alloyed and effectively heat-treated to resist corrosion and fatigue.
Type 78 rods are recommended for both reciprocating and Progressing Cavity Pump (PCP) applications.

® Norris Type 75 API Grade D (Special Alloy) - AlSI A-4330-M Nickel-Chromium-Molybdenum Alloy Steel. Designed for heavy loads at any depth in
corrosive well fluids that are effectively inhibited against corrosion attack. This grade has been alloyed and then effectively heat-treated to maximize its corrosion
and fatigue resistance. Type 75 rods are ideally suited for both reciprocating and Progressing Cavity Pump (PCP) applications.

B Norris Type 96 Special High Strength Grade -  AISI A-4138-M Chromium-Molybdenum Alloy Steel. Designed for extra heavy loads at any depth in
corrosive well fluids that are effectively inhibited against corrosion attack. This grade has been alloyed, effectively heat treated, and Norpeened to resist corrosion
and fatigue. Type 96 rods are designed for reciprocating applications but can be utilized in some Progressing Cavity Pump (PCP) applications.

® Norris Type 97 Special High Strength Grade -  AlS| A-4330-M Nickel-Chromium-Molybdenum Alloy Steel. Designed for extra heavy loads at any depth
in corrosive well fluids that are effectively inhibited against corrosion attack. This grade has been alloyed, effectively heat treated, and Norpeened to maximize its
corrosion and fatigue resistance. Type 97 rods are designed for reciprocating applications but can be utilized in some Progressing Cavity Pump (PCP) applications.

Norris Pony Rods - manufactured to the same dimensions, tolerances and grades as Norris Sucker Rods and Drive Rods®. Standard lengths: 17 (.30 m) — machined
only, 2' (.61 m), 4' (1.22 m), 6' (1.83 m), 8' (2.44 m) and 10" (3.05 m). Other lengths are available on request.

Definitions

* N
e
- Loads Seating Depth and/or Sucker Rod String Lengths
v - *Light = less than 25,000 psi (172 Mpa) *Shallow = less than 4,000 ft. (1219 m)
g = ol *Medium = 25,000 psi to 35,000 psi (172 Mpa to 241 Mpa) *Medium = 4,000 ft. to 7,000 ft. (1219 m to 2134 m)
*Heavy = 35,000 psi to 42,000 psi (241 Mpa to 290 Mpa) *Deep = 7,000 f. and deeper (2134 m)
*Extra Heavy = 42,000 psi and greater (290 Mpa)
Definitions not intended as design criteria. Call your nearest Norris representative for specific rod string design recommendations.
Norris Type
e 54 78 75 96 97
Tensile, ksi 115/140 120/140 120/140 138/150 140/150
Yield, ksi 85 min. 100 min. 100 min. 115 min. 115 min.
El, 8" % 15 min. 10 min. 10 min. 10 min. 10 min.
“"“““"E,'/"‘) lnfrea 50 min. 45 min. 45 min. 45min. 45 min.
: Hardness, Rc 22/30 22/30 22/30 29/33 30/33




Specifications

Maximum Torque Limit for
Norris Sucker Rods, Drive Rods® and Pony Rods

All torque values are ft. Ibs.

Grade D Special
Special Alloy  Service

Grade D Grade D

3/4" 430 460 470 500 500
7/8" 675 735 750 800 800
" 1,010 1,100 1,110 1,200 1,200
*1" with 7/8" NA. 1100 1110 1.200 1200
modified pins
11/8" NA. 1,570 NA. NA. 1,700
1-1/4" with NA. 2,000 2,100 2,500 2,500
1" modified pins
*1 1/2" with
1 1/8" modified pins| A 3,000 3,150 3,750 3,750
*11/4" with
11/8" modified pins| N4 2,000 2,100 2,500 2,500

¢ All values based on rods and couplings in like new condition.

** Non-API Drive Rods® specifically designed for torsional application.

*No derating factor for slimhole couplings when High Strength Couplings are used.
*Values based on actual test results.

*E116 Norris/O’Bannon Rod Elevator for 1 1/4" Drive Rods®.

*E115 (Modified) Norris/O’Bannon Rod Elevator for 1 1/2" Drive Rods®.

*To maximize rod fatigue life, AOT recommends using a .8 safety factor.

NOTE: Correct sucker rod makeup is critical to the operation of a
Progressing Cavity Pump installation.

Maximum Allowable Torque for Norris Polished Rods

All torque values are ft. Ibs.

Rod Size C10a3) l6ece) 49155 Aley  specu
1 1/4" with 3/4" pin 1,500 1,500 1,500 1,500 -
1 1/4" with 7/8" pin 1,800 1,800 1,800 1,800
1 1/2" with 1" pin 2,800 2,800 2,800 2,800 -
1 1/2" Upset - - - - 3,750

*To maximize rod fatigue life, AOT recommends using a .8 safety factor.

All specifications are subject to change without notice.




Specifications
Norris Sucker Rod Markings

At least one end of all NORRIS Sucker Rods and Pony Rods are stamped with the following information.
Explanation of markings

Nominal diameter of Rod Body:  5/8-3/4-7/8-1-11/8-11/4-11/2

Heat Code of Rod:  This correlates the Rod to the Mill Test certificate, Mechanical Properties and Quality Information.
Month that the Rod was manufactured: 1-12

Year that the Rod was manufactured: 03

Manufacturer's Name: AOT (WCN - prior to November 2003)

API Specification 11B latest edition

Note: grade 96/97 Rods are stamped "Special", as they exceed the mechanical properties stipulated in API Specification 11B.

A e

11/2",11/4" and 1" with 7/8" pins Drive Rods® are not stamped with 11B. All other dimensional requirements are in accordance with API.
7. APIGrade: C-K-D

Note: Grade 96/97 rods do not have this stamp. 11/2",1 1/4" and 1" w/ 7/8" pins Drive Rods® do not have this stamp.
8. Norris Grade: 30-40-54-78-75-96-97
9. All Drive Rods® are stamped: =~ CANADA

Drive Rods® with Modified Pin Connections

Laboratory tests have shown that AOT modified pin connections provide a minimum
50% increase in torque over conventional APl thread connections

1" Drive Rods® with 7/8" modified pin connections

Maximum 35,000 Ibs. of axial load
Maximum Recommended Torque Value (ft. Ibs.)

Special Service
q Alloy Special Alloy 97
Rod Size (Grade 78)  (AOT Grade 75) (Aé,G,'g",zde 2,6)
7/8" Conventional Sucker Rod 735 750 800
1" Conventional Sucker Rod 1,100 1,110 1,200

1" Drive Rod® with 7/8" modified

pin connections 1,100 1,110 N.A.

For 1" with 7/8" modified connections, the use of High Strength Couplings in Slimhole applications is recommended.

No Derating factor is needed for High Strength Slim Hole Couplings.

* Improve fatigue life and wear rates over conventional Sucker Rods due to less bending stress concentrations near the connections.
e The pressure loss across the coupling is the same as conventional 7/8" Sucker Rods.

*To maximize rod fatigue life, AOT recommends using a .8 safety factor.

Drive Rod® Pressure Loss Improvement Over 1" Conventional Sucker Rods

® 1" Drive Rods® with 7/8" regular couplings - 22% improvement Sucker Rods with 1" slim hole couplings.
® 1" Drive Rods® with 7/8" slim hole couplings - 39% improvement over 1" conventional Sucker Rods with 1" slim hole coupling.

Stock available in 2' (.61m), 4' (1.22m), 6' (1.83m), 8' (2.44m), 10' (3.05m) and 25' (7.62m) lengths and in grades 75 and 78. (Grade 96 & 97

available on request)




1 1/4" Drive Rods® with 1" modified pin connections

1 1/4" Drive Rods® with 1 1/8" modified pin connections
Maximum 50,000 Ibs. of axial load

Maximum Recommended Torque Value (ft. Ibs.)

Alloy Special Alloy Special Service

Rod Size (Grade 78)  (AOT Grade 75)  (Grade 97)
1 1/8" Conventional Sucker Rod 1,570 N.A. 1,700

1 1/4" Drive Rod® 2,000 2,100 2,500

* Improve fatigue life and wear rates over conventional Sucker Rods due to less bending stress concentrations near the connections.
® The pressure loss across the coupling is the same as conventional 1" Sucker Rod connections and 23% less than conventional 1 1/8" Sucker Rods.
*To maximize rod fatigue life, AOT recommends using a .8 safety factor.

Stock available in 2' (.61m), 4' (1.22m), 6' (1.83m), 8' (2.44m), 10' (3.05m) and 25' (7.62m) lengths and in grades 75. (Grade 78 & 97 available on request)

1 1/2" Drive Rods® with 1 1/8" modified pin connections
Maximum 90,000 Ibs. of axial load

Maximum Recommended Torque Value (ft. |bs.)

Special Alloy Special Service

Rod Size (AOT Grade 75)  (Grade 97)

1 1/2" Drive Rod® 3,150 3,750

® The pressure loss across the coupling is the same as conventional 1 1/8" Sucker Rods.
*To maximize rod fatigue life, AOT recommends using a .8 safety factor.

Tubing Flow Area Comparison

AOT specidlty Drive Rods® are specifically designed for Progressing Cavity Pump application. When AOT Drive Rods® are used in 2 7/8" and 3 1/2" tubing,
significant cost savings are assured.

1 1/4" Drive Rods® with 1" slim hole couplings (2" outside diameter) in 3 1/2" Tubing

27% more flow area than 1 1/8" sucker rods with 1 1/8" slim hole couplings (special 2.250" O.D.)
50% more flow area than 1 1/8" sucker rods with 1 1/8" regular couplings (2.375" outside diameter)
Up to 47% increase in allowable forque

1" with 7/8" pins in 2 7/8" Tubing
1" with 7/8" regular couplings (1 13/16" O.D.): 37% more flow area than 1" slim hole couplings P Y

1" with 7/8" pins in 3 1/2" Tubing

1" with 7/8" slim hole coupling (1 5/8" O.D.): 28% more flow area than 1" slim hole couplings
51% more flow area than 1" regular couplings

1" with 7/8" regular couplings (1 13/16" O.D.): 15% more flow area than 1" slim hole couplings
36% more flow area than 1" regular couplings

To maximize the efficiency of your PCP Installations, specify AOT Drive Rods®.
Smaller Tubing = Lower Capital Costs

Reduced Flow Loss = Lower Lifting Costs

Reduced Wear Rates = Lower Maintenance Costs




Specifications

Norris Steel Sucker Rod, Combination and

Polished Rod Couplings

Norris and Sprayloy sucker rod couplings are manufactured from AISI-8630 alloy special quality cold-formed blanks or cold drawn seamless mechanical steel
tubing. The heat-treated blanks are machined to size and have a hardness of HRA 56-62. Couplings are machined; threaded using a cold forming rolled thread
tap for thread strength and fatigue resistance. Then coated for anti-galling and lubrication properties. Dimensions and tolerance

conform to APl Spec 11B, latest edition. Quality control consists of process, random, and batch inspections.

Two types of couplings are available: Type T and Sprayloy. Type T couplings are recommended for installation where abrasion or corrosion-abrasion are not a
problem. Sprayloy couplings are designed with a .010"/.015" thick nickel-chromium coating on the O.D. for abrasion and corrosion resistance. Sucker rod
couplings are available in box and box, pin and pin, or box and pin styles in all sucker rod sizes and combination of sizes. Couplings are available in API
full-size and slimhole and in two Norris oversize outside diameters. Polished rod couplings and subcouplings are available in box and box styles in all sucker
rod sizes and combination of sizes, and in full-size and slimhole outside diameters. Polished rod couplings are to be used with current API polished rods with
the nine-degree cone pin.

Norris High Strength couplings are manufactured from 4130 heat treated material. These couplings have a minimum yield strength of 105,000 psi (723 Mpa)
and a material hardness of 26-30 Re. These specifications are designed to maximize connection load capacity and are ideally suited for P.C. application.

Properties of Type T Couplings

Chemical Properties, % Mechanical Properties

Carbon .20/.33 Tensile Strength, psi 95,000 min.
Manganese .70/.90 Yield Strength 80/100,000
Phosphorus .03 Mx. Elongation, 2", % 16 min.
Sulfur .03 Mx. Reduction in Area, % 50 min.
Silicon .15/.30 Hardness Brinell 195/243
Chromium .40/.60 HRA 56/62
Molybdenum .15/.25

5 Nickel .40/.70

Properties of Sprayloy Coating

Chemical Properties, %

Iron

4.0

Mechanical Properties

Ground Smoothness,

o Chromium 14.0 Microinches et
Silicon 4.3 Hardness 595 HV e
Boron 3.1 Bond Strength, psi 70,000
Nickel Balance

All specifications are subject to change without notice. The above values are average values and may vary from actual elements. The term box refers to an
internal threaded coupling.

_ _ . Suggested Max. Stress
Outside Diameter, IN. imm) Coupling | Approx. Wt., | Derating Factors for Slim

(mm) Hole Couplings in Beam

Rod Size, IN.

Full Size

Slim Hole

Pumping Applications

5/8" (15.88) 11/2" (38.1) 11/4" (31.75) 1.3 (.59) 3
3/4" (19.05) 15/8" (41.28) 11/2" (38.10) 4" 1.4 (.64) .93
7/8"(22.23) | 113/16" (46.04) 15/8" (41.28) 4" 1.7 (.77) .80
1" (25.40) 2 3/16" (55.56) 2" (50.80) 4" 2.7 (1.22) 1.00
*11/8"(28.58)| 2 3/8" (60.33) 21/4" (57.15) 41/2" 3.4 (1.54) 5

® *1 1/8" High Strength Couplings are 5" in length.




Specifications

Sinker Bars

Norris Sinker Bars are manufactured from special quality hot rolled carbon manganese steel bars. Sinker bar dimensions and tolerances conform to API Spec. 118, latest edition
and AlS| steel products manual. All bars are straightened and inspected for surface defects. Sinker bars have a reduced section on one end for elevator seating and liffing.

Pin blanks are machined and dimensions gauged. Pin threads are cold-formed to strengthen the thread from fatigue. An inhibitor lubricant is applied to each pin and thread
protector installed. An oil soluble coating protects Norris sinker bars from atmospheric corrosion in storage. Sinker bars are bundled to prevent handling damage during
transportation. Quality Control Inspections are performed at each step of the manufacturing process.

Special sizes and materials are available upon request.

Carbon .36/.44 Tensile Strength, psi 90,000 min.
Manganese 1.35-1.65 Yield Strength 60 min.
Phosphorus 040 Mx. Elongation, 8", % 15 min.
Sulfur 040 Mx. Reduction in Area, % 45 min.
Silicon .15/.35

Nickel .35 Mx.

Chromium .30 Mx.

Molybdenum .06 Mx.

Columbium .020/.050

Copper .35 Mx.

Width of

Elevator

Size OD, in. Length, ft. API Pin Size, in. Lbs. per ft. Rod Size, in. Wrench Flat
11/4" 25 5/8",3/4",7/8" 4.2 7/8 1
11/2" 25 3/4",7/8" * 6.0 1 1.312
15/8" 25 7/8" 7.06 1 1.312

*11/2" with 7/8" pins is a Non-API product.

d .
.

NOTE: 11/4" supplied with 3/4" and 7/8" polished rod pins due to
insufficient shoulder. 11/4" and 1 1/2" rod weights are available in
20’ lengths with no elevator on wrench flats.

All specifications are subject to change without notice.




Specifications

Polished Rod Selection Guide

Norris Polished Rods and Polished Rod Couplings are manufactured in accordance to the latest edition of the API specification
11B. Norris Polished Rods and couplings are furnished with cold-formed fully rolled threads. This technique ensures a perfect
thread on each and every pin. The burnished thread surface that results from rolled threads improves resistance to corrosion
and reduces abrasion within the thread. The work hardened flank provides increased surface tensile, yield and shear strength.
Due to pressure deformation, a residual compressive stress system builds up at the thread root, which counteracts tensile loading.
When compared to cut threads, the load capacity of the rolled thread is increased by 6 - 12%.

Piston Steel - Manufactured from a special quality medium carbon steel (1045) and designed for light to heavy

loads where well fluids are non-corrosive or effectively inhibited against corrosion. This economical polished rod has a minimum
tensile strength of 105,000 PSI and is the ideal choice for heavy pumping applications where corrosion is not a problem.

The piston steel polished rod can be used with all Norris Sucker Rod grades, but is not recommended for use with type 96 & 97 rods.

Alloy Steel - Manufactured from chromium - molybdenum alloy steel (4140) and designed for light to heavy loads
at any depth in mild to medium corrosive well fluids that are effectively inhibited against corrosion. This polished
rod has a minimum tensile strength of 125,000 PSI and has been alloyed to improve its hardenability and increase
its resistance fo corrosion and abrasion. It can be used with all Norris Sucker Rod grades.

Norloy Steel - Manufactured from a nickel - chromium - molybdenum alloy steel (8620) and designed for light to heavy loads

in severely corrosive well fluids that are effectively inhibited against corrosion. The norloy polished rod has a minimum tensile strength

of 100,000 PSI. The addition of nickel to this polished rod further increases its corrosion resistance and improves toughness. It can be used
with all Norris Sucker Rod grades but is ideally suited for use in conjunction with type 75 rods.

Stainless Steel - Manufactured from Type 431 stainless steel. This polished rod has a minimum tensile

strength of 115,000 PSI and has the best corrosion resistance properties of all Norris grades. It has excellent

tensile and torque strength and good toughness, making it ideally suited for progressing cavity pump application.

This grade exhibits excellent resistance to a wide variety of corrosion media including salt water. Designed for any loads at any depth
where corrosion is a problem or where other Norris Polished Rod grades are not applicable.

This polished rod can be used with all Norris Sucker Rod grades.

Sprayloy - These hard surfaced polished rods are made from cold finished 1045 carbon steel with a hard spraymetal surface applied to the O.D.
They are recommended for abrasive and corrosive conditions under moderate to heavy loads.




Care and Handling

Sucker Rods and Drive Rods® Standard Bundle Data

Rod Size

11/8"

Rods per bundle 120
Footage per bundle 3,000 1,500 1,500 1,500 1,000
Bundle weight 3,450 2,470 3,355 4,375 3,705
Rd weight per foot (Ib.) 1.14 1.63 2.22 2.9 3.68
Rod weight (lb.) 28.5 40.8 55.5 72.5 92
Rods per crate 120 60 60 60 40
|Export crating* Rods per crate 150 120 120 120 80

* Custom sized bundles may be arranged

Recommended Practice
Storage
1. Place sills under each spacer.
2. Stack bundles with spacers over each other.
3. Maximum recommended bundle stack is six (6) bundles high.
4. Always rotate rod stock.
5. Bundle width is 30" typically.
6. Handle bundles one at a time with proper lifting equipment.

7. For spreader bar information, call Alberta Oil Tool at (780) 434-8566.

Pin End Colour Code
Grade | Colour

30
40 Blue
54 Brown
75
78 Yellow
96
97
1"w/ 7/8" Pins Grade 75
1" w/ 7/8" Pins Grade 78 Grey

NOTE: Rods are available, less coupling or with a regular
or slimhole coupling attached.




Care and Handling

Proper Makeup Procedures

Effective makeup can be achieved by following the APl recommendations in Section 5 of the RP11BR, "API Recommended Practice for Care and Handling of Sucker Rods."

In general, the circumferential displacement method involves rotating the coupling against the pin shoulder after hand-tight contact. A prescribed dimension
will preload the pin and generate a friction force between the shoulder faces.

Norris furnishes three circumferential displacement (CD) cards for recommended makeup of Norris rods. A displacement card is also available for

AQT Drive Rods®.
One card is to be used for Types 30 and 40, one for Types 54, 78, and 75, and one for Type 96 and 97 sucker rods. One side of each card
is for first run of new rods or used rods with new couplings. It reflects additional displacement - over rerun displacement - required to burnish and

seat all mating surfaces.

Rerun displacements are shown on the reverse side of each card (except for Type 96 and 97). These CD values are derived from sirain gauge tests
for pin prestress versus circumferential displacement.

Displacement for Norris Types 30 and 40

New Rod First

All Reruns,

Size, in Run, inches (mm) inches (mm)
5/8" 8/32 (6) 6/32(5)
3/4" 9/32(7) 7/32 (6)
7/8" 11/32(9) 9/32(7)

I 14/32 (1) 12/32(10)

Rerun CD for Types 54, 78 and 75 are based on values higher than shown in APl Recommended Practice RP11BR. The higher pumping loads on API D Grade rod strings tend

to separate pin and box shoulders at the recommended API CD displacements.

Displacement for Norris Types 54, 75 & 78

New Rod First

All Reruns,

Size, in Run, inches (mm) inches (mm)
5/8" 10/32(8) 8/32 (6)
3/4" 13/32(10) 11/32(9)
7/8" 16/32(13) 14/32(11)

Ik 20/32(16) 18/32(14)
11/8" 22/32(17) 20/32(16)




Displacement for Norris Types 96 and 97

New Rod First

All Reruns,

Size, in Run, inches (mm) inches (mm)
5/8" 8/32(6) 6/32(5)
3/4" 9/32(7) 7/32(6)
7/8" 11/32(9) 9/32(7)

" 14/32(11) 12/32(10)

Displacement for AOT Drive Rods®

Size, in

All Runs,

inches (mm)

1" with 7/8" pins 18/32(14)
11/4" 25/32 (20)
11/2" 1(25)

Hand rod wrenches can make up 5/8" and 3/4" rods sufficiently but inconsistently. Norris recommends power rod tongs or cheaters if tongs are not available,
for all sizes except 5/8" for consistent makeup. The following practice for makeup of Norris sucker rods is recommended:

1. Clean all threads and shoulder faces of dirt, scale, and old lubricant. Check for damage. Re-lubricate with Topco SRL thread lubricant or equivalent.
Paint lubricant on threads only without coating shoulder faces. Wipe pin and coupling faces as clean and dry as possible.

2. Pick up first rod and carefully stab onto pump pin or pony rod pin or box, whichever is looking up. Start the lead or first threads by hand. With spinning
wrench, spin joint together until the shoulder faces touch, which is the hand-tight position.

3. Draw a mark (top and bottom) across the box OD end and the rod pin shoulder. With the makeup card, find the CD marks for the rod type and size for new
or rerun displacement. Hold one card mark on the rod shoulder mark which has been made and draw a second mark on the shoulder at the other card mark
in the direction of tightening.

4. Install power tong on joint and back tong pressure off to zero. Increase pressure until the drawn mark on the box rotates to the other mark on the pin shoulder.
Run this rod in the hole.

5. Pick up the second rod, stab, and hand spin to shoulder. Mark the pin shoulder with the same procedure as above, not changing tong pressure. Displace the
joint with tongs to makeup at the previous pressure setting. Check the pin shoulder and box marks for correct displacement. Adjust, if necessary.

Run approximately 10 rods and check again.

6. Repeat at the next rod size change.

Along with these procedures, Norris recommends the following:
The use of power rod wrenches or tongs for breakout prevents joint damage from hammers.

¢ On larger diameter rods (1" or greater), failure to fully engage 4-6 threads (turns)
by hand prior to applying power tongs, can result in thread galling.
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Makeup of 1 1/4" Drive Rods® with 1" modified pins

and 1 1/2" Drive Rods® with 1 1/8" modified pins

Alberta Oil Tool (AOT) gauges 100% of all Drive Rod® pin and box connections, with measuring equipment traceable to the National Institute of Standards and Technology
(NIST).

Slimhole high strength couplings provided with Drive Rods® are submersed in an anti-galling zinc-phosphate coating. To assist in achieving consistent connection makeup the
coating is then removed from the coupling faces.

All Drive Rods® manufactured by AOT are shotpeened to improve fatigue life and corrosion resistance.

Storage & Handling:
1. Rods should be stored on location off the ground.
2. Use either a worktable or place supports at each wood spacer board.

First Run Preparation:
1. Begin with the pin end of the rod furthest from the service rig.

2. When the Drive Rods® are ready to be installed, remove plastic pin protectors either by hand or with an appropriate spanner wrench or socket. DO NOT use any other
method to remove the plastic pin protectors.

3. Ensure dll threads and shoulder faces are free of dirt, scale, and old lubricant. Check visually for damage. Relubricate by adding a thin line of Topco Sucker Rod Lubricant
to the first four leading threads only. Do not lubricate the contact face. Any trace of lubricant on the contact face can greatly diminish the strength of the connection. Using
a clean rag, apply varsol or a similar degreasing agent to the shoulder face. This will remove any remaining film of lubricant.

4. Remove couplings from the box one at a time. Wipe the coupling face clean, and apply the same degreasing agent to it. DO NOT dump couplings out of the box onto the
ground. This could contaminate the threads.

5. % 5. Thread each coupling onto the pin end to the hand tight position.

T, 6. Remove the plastic pin protector using the above procedure for the second end including the cleaning and re-lubricating process. Drive Rods® are now ready to be installed.

First Run Installation:

1. Pick up the rod end without the coupling attached. This end will be attached to the rod elevator. Two personnel are required when installing the Drive Rods®.
Rods must be tailed in so the end does not drag on the ground.

2. Carefully stab the coupling end onto the pin end facing up.

2. CAUTION: Stabbing the Drive Rod® into the coupling too hard causes damage to the leading thread. Although the rods may still makeup to specification, the damage will
cause a failure (stripped pin) at some point in the future.

3. Utilizing a sucker rod wrench suitable for the connections, spin the Drive Rod® onto the coupling until the shoulder faces touch. This is the hand tight position. The Drive
Rod® should spin freely in the coupling. If the connection begins to bind, either the thread is contaminated or the connection is cross-threaded.

4. If the Drive Rod® does not spin freely or binding occurs, undo the connection, check threads for visible damage and replace the coupling or Drive Rod® if necessary.
The alignment of the Drive Rod® over the well bore may need to be adjusted if this problem persists.

5. Draw a mark across the coupling outside diameter (OD) and the rod pin shoulder at both ends of the coupling. Using the appropriate makeup card find the circumferential
displacement (CD) marks for the rod type and pin size. Hold one card mark on the rod shoulder mark that has been made and draw a second mark on the shoulder at the
other card mark in the direction of tightening. Do this on both the top and bottom of the connection.
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6. Inspect power tongs as per manufacturer’s specifications and ensure proper operation.
7. Install power fong on connection and increase pressure until the drawn marks on the connection rotate to the CD marks indicating correct makeup.

8. Note: The top and bottom mark may not line up exactly in the same position. This is not cause for concern. As long as both the top and bottom of the connection are lined
up to within the width of the line on the CD card the rod is within correct makeup tolerances and can be run info the hole.

9. Note: With some types of power tongs, it may be necessary to back the coupling off 2 - 3 turns to achieve the momentum required to make the connection up to specification.
AOT recommends that this practice be kept to a minimum.

10. Repeat the above procedure with respect to handling, stabbing, hand-tightening to the shoulder and marking the connection for the next rod. DO NOT change the tong
pressure. Displace the connection with tongs to the makeup at the previous pressure sefting.

11. Check the pin shoulder and box marks for correct displacement. Adjust if necessary. Run approximately 5 rods and check again.

12. The makeup of the first connection to the rotor may not allow the use of power tongs.  If this is the case, the first connection may have to be made up utilizing rod wrenches
and cheater bars. It is imperative that this connection is made up fo the same specifications as the others in the string.

13. Note: The use of power tongs for breakout prevents joint damage from hammers.

Re-Installation of Drive Rods®:

1. When re-running the Drive Rods®, one side of the connection will still be in the made-up condifion. It is not necessary to redo this connection.

2. Continue the practice of stabbing the coupling onto the pin facing up as described in the first run installation procedure. The made-up connection will be at
the topside of the joint. Mark the bottom connection using the CD card and using power tongs make up to specification.

3. The top part of the connection may experience some incremental makeup. This is not cause for concern.

4. After rods and couplings have been run 5 times, AOT recommends changing all the couplings for the next installation.

Makeup Torque:
As a Rule of Thumb, the makeup torque for the connection should be close to the value that the Drive Rod® will be run at.
This will prevent incremental makeup during operation.

11/4" 1,600 -2,000 ft. lbs.
11/4" 2,400 - 3,000 ft. lbs.
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Maximum Recommended Weight Indicator Pull

On A Sucker Rod or Drive Rod® String

The following calculates the maximum rig weight indicator pull on a stuck rod string. The calculations are based on 90% of the minimum yield strength,
for a rod string in "like new" condition. The maximum load should be reached by a straight, steady pull and not a shock load.

For a tapered string, calculate the total weight in pounds of all rods above the bottom section. Add to this weight the values in the table below for the rod

type and size of the bottom section. This is the maximum load that should be pulled on a rod string. For a straight rod string, the table values are the
maximum pull.

ADDITIONAL WEIGHT INDICATOR

Load in Pounds Dekanewtons

P 42,400 18,860

T 7/8" 32,475 14,445

3/4" 23,850 10,608

5/8" 16,560 7,366

11/2" 143,000 63,612

11/4" 99,400 44,213

N\ 11/8" 80,500 35,806
e Type 54, 75 & 78 P 63,625 28,300
- 7/8" 48,700 21,662
- 3/4" 35,780 15,915
2 5/8" 24,850 11,053
11/2" 182,000 80,957

11/4" 127,000 56,490

o, . 11/8" 102,880 45,761

P 81,250 36,140

7/8" 62,200 27,667

3/4" 45,750 20,350




Care and Handling

Sinker Bar Effect

A Norris recommended sinker bar section is a section of |arge-di0meier sucker rods such as 7/8" or 1", or a section of 1 1/4" or 1 1/2" O.D. bar stock installed
in the rod string just above the pump. This secfion helps keep the rod string straight and in tension; it reduces downstroke compression buckling of the lower
rods; decreases the range of stress on the rod string; and increases pump plunger overtravel with increased fluid production.

Rod string buckling can result in downhole problems such as rod body, pin, and coupling failures, poor pump efficiency, increased rod stress loads, and higher
well costs.

Causes of buckling or improper downstroke motion include: fluid pounding or pump off; gas pounding or interference; high pumping speeds or rod whip;
improper harmonic motion; large bore pumps; heavy or viscous well fluids; pounding down on the pump or tagging bottom; and increased friction between
rods and tubing from deviated holes.

Two methods are being used to provide the sinker bar effect:
1. A section of large diameter sucker rods to provide a long, rigid, heavy section installed immediately above the pump.

2. A shorfer section of larger-diameter bar stock with sucker rod joints installed above the pump to concentrate the sinker bar effect closer to the pump.

The footage of sinker bars required is calculated as follows:

SINKER BAR FOOTAGE = Plunger Constant x Pump Depth, Ft.
Sinker Bar Weight

Where: Plunger Constant

Plunger Size, in 11/16" | 11/4" 11/2" 13/4" 2" 21/4" 21/2" 23/4"
Plunger Constant 091 116 165 162 189 .207 211 216

Sinker Bar Weight, Lbs. Per Ft.
7/8" sucker rods = 2.2 1" sucker rods = 2.9 1 1/4" bar stock = 4.2
1 1/2" bar stock = 6.0 1 5/8" bar stock = 7.2 1 3/4" bar stock = 8.2

The sinker bar section replaces an equal footage of sucker rods immediately above the pump.

The upper taper footage remain unchanged.




Failure Analysis Request Form

Samples

Include the following:

1. One upset (stamped) end for identification of sample. Only one end of the rod is stamped for identification and traceability.
If the failure has occurred on the opposite end of the rod, a 6" sample of the stamped end should be included with the submission.

2. Body Failures - Include approximately 18" on either side of the break and the upset end of the rod. If the break is within 18" of the upset, include the upset
end and 18" section of the body. This will be used for physical testing.

3. Pin and upset failures — Include the broken rod pin end and coupling with the broken pin stub, galled thread and upset, or the upset end and 18" of the
adjacent rod body.

4. Coupling failures — Include either both halves or the entire coupling, depending upon the type of failure.

Do not clean the samples. This is important evidence in determining well conditions.

Shipping Instructions

Ship samples to: Tag each piece with the following information:
Alberta Oil Tool Company Name and location
9530 - 60th Avenue Well name and land location
Edmonton, Alberta Contact name
T6E OC1

Please contact us in advance to advise us that you will be shipping a sample for analysis. Subsequent to analysis,
we will fax or mail you a report of the findings.

Data
When requesting a failure andlysis, please fill out the following as completely as possible. This information, and the accompanying samples, will serve as the
basis for determining the cause of the failure and assist us in providing a more accurate response.

Date:_ Company and Area: Land Location:

Contact Name: Phone: Fax:

Sample Description (size, grade, heat number):

Application (PC or Conv.): InstallDate: __ Failure Date:

Check the appropriate boxes below and provide data as applicable.
Fluid Conditions String and Well Description Changes after start up
O H,S O Rod Guides O Depth O Stroke Length
O Co, O Verfical O Inhibition Program | O SPM
O Brine O Deviated/Horizontal | O Failure Depth O Pump Size
O Tapered O RPM

Other Comments:

You will be contacted if further string design information is required to complete our analysis. Questions and concerns should be directed to
Alberta Oil Tool, phone (780) 434-8566.




