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When Reliability Matters Most

The Kerite Company, part of Marmon Industrial Energy & Infrastructure, has been in

operation since 1854 and is a manufacturer of power cables in the voltage range of
600-138,000 volts. Kerite Power cables utilize special insulation systems, which are
formulated and manufactured in-house. Kerite power cables are known for their
unusually long service life in tough and rugged environments.

Kerite has been known as an innovative

designer of Electrical Submersible Pump (ESP) cables
since the introduction of the High Temperature Flat
(HTF) cable in 1981. The Kerite HTF product is a
corrosion resistant cable with a high degree of
mechanical integrity that has also demonstrated
superb decompression resistance. It was on the basis
of this performance that many operators requested
we design a round cable with the same superior
decompression resistant

characteristics.

In 1986, Kerite released its High Temperature Round
(HTR) cable especially for deep, hot and gassy wells
where decompression rupture was the dominant
mode of failure. The first installation of the product
was at Great Western Energy in Altamont, Utah, in
Well 2-22 on May 29, 1986.

For more than three decades, we have been
advancing submersible pumping cable technology.
The results are cables with superior performance in
harsh environment wells. The Kerite ESP Cables are
exceptionally suited for wells with a high risk of
physical cable damage, such as deviated wells or
wells with small diameter casing.

Our philosophy may be summed up in one word
—“QUALITY.” Only those materials and designs that
result in the best performance are utilized.

Research and development is fundamental to the
continued success of the Kerite Company in adding
value for our customers. We are focused on
understanding and even anticipating the needs of
our customers in a changing world, and reacting to
these needs in advance of their possible field
application. We strive to deliver the right solution in
the right time frame.

This catalog is intended for those involved in
selecting and specifying Kerite ESP cables. The
information contained herein simplifies the selection
of the proper Kerite cable construction and size for
the intended application.

The Kerite Company was
founded by Austin Goodyear
Day in 1854 in Seymour, CT
(the original Day house is still
a historic part of the plant)
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Electrical Submersible Pump Cable (ESP) Product Line

Conductor | Conductor | Adhesive | Insulation | Jacket Standard
Coating Bond Material | Material Armor

LTF3 | 205 | 3,45 1,2,4,6 Tin No PP Nitrile NA Galvanized
Rubber

Nitrile Rubber Backed

Rubber Woven Fabric Galvanized

MTF3 | 284 3,4,5 1,2,4,6 Bare Yes EPDM

Rubber Backed

Woven Fabric/PTFE Galvanized

MTF1 | 400 3,4,5 1,2,4,6 Bare Yes EPDM EPDM

Lead Rubber Backed .
HTF3 450 3,4,5 1,2,4,6 Bare Yes EPDM Sheath Woven Fabric Galvanized

Polyimide Lead Rubber Backed
Tape Yes EPDM Sheath Woven Fabric

Monel

MFL3 [ 450 4,5 2,4,6

Note: Alternate designs can be engineered where conditions require.

Electrical Submersible Pump Cable Selection

Selecting the appropriate cable for oil and gas well electrical submersible pumps should be based on experience
and knowledge of well conditions. Hot, gassy, high pressure wells require more hardened constructions than
shallow cool wells. The presence of corrosive chemicals (H2S0O4 or H2CO3) and gases (CO2 or H2S) requires
special attention to the jacket and armor selection. If the well develops high operating pressures, attention has to
be given to protecting the cable from decompression damage — this would typically require a construction with a
lead jacket that provides a hermetic seal.

The choice between flat or round cable constructions is typically based on clearance between the production
tubing and the well casing. Because of the side-by-side phase configuration with flat cable, phase imbalance
becomes a factor for application consideration with deep wells.

Type Insulation Jacket/Sheath ‘ Armor
160°F Round PP HDPE No
205°F Flat/Round PP l\ll_i(t):i\ieogjgvsgr Sta&?;\slgnsitzees: iielsllcy)nel
284°F Flat/Round EPDM l\ll_i(t):i\ieogjgvsgr Sta&?;\slgnsitzees: iielsllcy)nel
400°F Flat/Round EPDM witl_hO\I,:\lllilerSJ\gggnEZtPtl\;lpe Sta&?;\slgnsitzees: iielsllcy)nel

Increasing temperature, pressure,

corrosive gases and solvent chemicals
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Kerite Standard ESP Cable Part Number Construction

Longitudinally wrapped, rubber
backed, woven fabric bedding
tape

EPDM insulation with a polyad-
hesive layer over the conductor
(proven electrical properties for
down-hole applications) Armor - stainless steel

(0.020” thickness)

Solid, bare annealed
copper conductor per

ASTM B3 Fatigue and corrosive resistant lead sheath barrier

The above drawing illustrates a typical 450°F, flat, leaded ESP cable, Kerite part number ILTF3065-000. This
is one of the most common constructions used throughout the world’s oil fields.

The table below provides the key to how standard Kerite part numbers are selected.
Example: THTF3045-000 High temperature flat, #4 AWG, 5kV with galvanized steel armor.

T1AAA0000-000 TAAA0000-000 | TAAAOOOO-000 . TAAA0000-000 | 1AAA0000-000 | TAAAOOOO0O-000

O=Galvanized Steel
Conductor Size 0= No Tube 1= Monel

e e (AWG) 2 [t 1= Capillary Tube 2= Stainless Steel
9= No Armor
1CTR3 (Cool Temp. Round - 160°F) 01, 02, 04, 06 3,4,5 - o) 9 0
1ILTF3 (Low Temp. Flat - 205°F) 01, 02, 04, 06 3,4,5 = 0,1 0,1,2 0
1LTR3 (Low Temp. Round - 205°F) 01, 02, 04, 06 3,4,5 - 0,1 0,12 0]
IMTF3 (Med. Temp. Flat - 284°F) 01, 02, 04, 06 3,4,5 - 0,1 0,1,2 (¢}
IMTR3 (Med. Temp. Round - 284°F) 01, 02, 04, 06 3,4,5 - 0,1 0,12 0
IMTF1 (Med. Temp. Flat - 400°F) 01, 02, 04, 06 3,4,5 - 0,1 0,1,2 (¢}
TMTR1 (Med. Temp. Round - 400°F) 01, 02, 04, 06 3,4,5 - 0,1 0,12 0]
1THTF3 (High Temp. Flat - 450°F) 01, 02, 04, 06 3,4,5 - 0,1 0,1,2 o
THTR3 (High Temp. Round - 450°F) 01, 02, 04, 06 3,4,5 - 0,1 0,12 0]
TMFL3 (Motor Flat - 450°F) 02, 04, 06 4,5 = 0,1 0,12 (6]

The above table does not cover all of the ESP and Motor Flat cable constructions available from Kerite. Use the website below to
obtain further product and application information.
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ESP CABLE

Type MTF1 Flat Electrical Submersible Pump Cable

Not Shown:
Marker tape
Footage/Manufacturer/Year

Helically wrapped, rubber backed,
woven fabric bedding tape

Helically applied PTFE

Qil resistant, low swell EPDM Jacket

Armor — standard galvanized steel
(0.020” thickness)

EPDM insulation with a poly-
adhesive layer over the conductor
(proven electrical properties for
down-hole applications)

Solid, bare annealed copper conductor per ASTM B3

Medium Temperature Flat (MTF1) cables are rated 5kV for operating temperatures up to 400°F. They provide a cost effective
solution for moderate temperature wells. The insulation is a high quality EPDM with a barrier of adhesive polymer between the
copper and EPDM. Helically wrapped tape provides decompression resistance. The three phases are protected individually by a
Teflon/bedding tape(s) and a low oil-swell EPDM jacket.

Kerite MTF1 (Flat) - 400°F

Conductor Conductor Insulation

Size Diameter Diameter Overall Dimension Cable Weight

Part No.

Inch mm Inch mm Inch mm Lbs/Ft Kg/M
(nom) (nom) (+0.016) (+.0.406) (nom) (nom) (nom) (nom)

\''[e mm?

1MTF1015-000 5 1 42.4 0.289 7.3 0.48 121 2.00x0.76 51.7x19.0 1.7 25
1MTF1025-000 5 2 33.6 0.258 6.6 0.44 1.3 1.94x0.73 49.4 x 18.6 1.5 2.2
1MTF1045-000 5 4 211 0.204 5.2 0.39 9.9 1.78 x 0.68 452x17.2 1.2 1.7
1MTF1065-000 5 6 13.3 0.162 41 0.35 8.8 1.62 x 0.62 41.1X15.8 1.0 1.3

Note: All dimensions are subject to normal manufacturing tolerances. For reference only. Custom designs available upon request.

Optional Features: Application Data:
» Monel or Stainless Steel Armor Conductor operating temperature recommended
+ 3/8” Stainless Steel Injection/Capillary Tube guidelines are based on Neher-McGrath calculations
+ 4kV constructions presented in IEEE Std 1018 and 1019.

* Double armor
 Packaging options
» Marker tape per customer request

MTF1 Ampacity Chart Cable Voltage Drop
Conductor temperature (25°C) 77°F
~ 300 = o0
Z ] //’
g 20 e ® =
P
E 200 rE_h"‘" g 6 AWG A~ >
E Fry 2 G ""-..Q--..‘_\ § 4 ﬁ | 5
3 & 150 AR — T s@ 30 /I'/ . : — =
55 By """--....\xh -?—6‘ / | X‘______.:"-":.:.
o < 100 GAWG — ;E‘.zu T —— 1 AWG
2 s N\ g ——
z g v
2 o - y T
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MAXIMUM WELL TEMPERATURE (F) > MAXIMUM CURRENT (AMPERES)
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MTF1/MTR1 Series Overview

Description

Medium Temperature Cable (400°F)

kerite

ESP CABLE

Medium Temperature Flat and Round (MTF/R) cables are ideal for moderately gassy wells. MTF/R cables feature insu-
lation compounded with oil resistant EPDM rubber with proven electrical properties and an EPDM rubber jacket. These
cables are designed to operate over a broad range of temperatures from -40°F (-40°C) to 400°F (205°C). MTF/R cables

can be manufactured in special designs for specific well conditions.

Features and Benefits

* MTF/R cables use oil resistant EPDM insulation with proven electrical properties that is recognized throughout the

industry.

* MTR cable has a barrier tape over the insulation to allow the jacket to be removed without damage to the

insulation.

* MTF cable has a barrier tape over the jacket to protect it from mechanical damage.
* Galvanized steel armor provides overall protection for the cable. Cables can be provided with other special armors

and configurations to meet different well requirements.

* MTF/R cable is tested according to stringent IEEE 1018 and API 11S6 standards.
« MTF/R cables can be provided with capillary cables that control safety valves or inject chemicals.

Conductor:
Solid, tinned copper per ASTM B33

Insulation:
* The insulation is a specially compounded, oil resistant
EPDM rubber with proven electrical properties

Jacket:

* The jacket is a specially compounded, oil resistant,
low swell EPDM

Barrier:
* Bedding tape to protect the jacket. Rubber infused/
woven fabric. Fluorinated tape is applied for maximum
temperature protection

Armor:
* Interlock profile, corrosion resistant galvanized steel. Double
armor may be supplied where extra protection is required

Options:
* Stainless steel armor for increased protection in wells high
in H2S and CO2
* Monel armor for maximum protection in wells extremely
high in H2S and CO2

6

Industry References:
Industry standard:

« [EEE 1018

« API RP 11S5

« API RP 1156

« ASTM A459

« ASTM B3

« ASTM D412

Marker Tape:
* Footage, Manufacturer, Year
e Or per customer’s request

Standard Packaging:
* DIN heavy duty steel reel
* Optional: Lagging

Marmon Industrial Energy & Infrastructure ¢ marmoniei.com
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ESP CABLE

Type MTR1 Round Electrical Submersible Pump Cable

Not Shown:
Marker tape
Footage/Manufacturer/Year

Helically wrapped, rubber backed,
woven fabric bedding tape

Helically applied PTFE

EPDM insulation with a
polyadhesive layer over the
conductor (proven electrical
properties for down-hole
applications)

Armored - standard galvanized steel
(0.025” thickness)

Solid, bare annealed

copper conductor per ™y,

ASTM B3 Oil resistant, low oil swell EPDM overall cable jacket

Kerite MTR1 round cables are rated 5kV for operating temperatures up to 400°F (205°C). They provide a cost effective solution
for moderate temperature wells. The round configuration provides balanced electric properties, and the solid, bare copper con-
ductors minimize longitudinal gas migration. The insulation is a high quality EPDM with a barrier of adhesive polymer between
the copper and EPDM. Helically wrapped tape provides decompression resistance. The three phase conductors are protected
by an overall jacket of low oil-swell EPDM.

Kerite MTR1 (Round) - 400°F

Conductor Conductor Insulation
Size Diameter Diameter

Overall Dimension Cable Weight
Part No.

Inch mm Inch mm Inch mm Lbs/Ft Kg/M
(nom) (nom) (+0.016) (+0.406) (nom) (nom) (nom) (nom)

AWG mm?

1MTR1015-000 5 1 42.4 0.289 7.3 0.48 121 1.41 35.8 1.8 2.6
1MTR1025-000 5 2 33.6 0.258 6.6 0.44 1.3 1.32 33.5 1.6 2.3
1MTR1045-000 5 4 211 0.204 5.2 0.39 9.9 1.23 31.1 1.2 1.8
1MTR1065-000 5 6 13.3 0.162 4.1 0.35 8.8 1.12 28.4 1.0 1.5

Note: All dimensions are subject to normal manufacturing tolerances. For reference only. Custom designs available upon request.

Optional Features: Application Data:
* Monel or Stainless Steel Armor Conductor operating temperature recommended
+ 3/8” Stainless Steel Injection/Capillary Tube guidelines are based on Neher-McGrath calculations
* 4KV constructions presented in IEEE Std 1018 and 1019.

* Double armor
 Packaging options
* Marker tape per customer request

MTR1 Ampacity Chart Cable Voltage Drop
Conductor temperature (25°C) 77°F
~ @ .
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High Temperature Cable (450°F)

HTF3/HTR3 Series Overview

Description
High Temperature (HT) cables are designed to operate at a maximum operating temperature of 450°F (232°C) and can
be provided in Flat (HTF) or Round (HTR) designs.

Special designs are available for unique applications where wall thickness, additional tapes and/or armor may apply.

Features and Benefits
*« HTR/HTF cables use a specially compounded oil resistant EPDM insulation with proven electrical properties that is
recognized throughout the industry.
* A lead sheath is used to protect against chemical and/or gas migration. The lead sheath barrier prevents decom
pression and is ideal for wells that are hot and contain high levels of gases.
* The standard armor provides protection in corrosive wells. For highly corrosive wells, special armors can be used to
improve the run life of the cable and to protect against mechanical damage.

* HTF/HTR cable can be manufactured with special armors to meet various well requirements.
* All HT cables can be provided with capillary cables that are used to control safety valves or inject chemicals.

Conductor:

Solid, tinned copper per ASTM B33 OptIOI‘\S:

* Stainless steel armor for increased
protection in wells high in H2S and CO2

* Monel armor for maximum protection in
wells extremely high in H2S and CO2

Insulation:
* The insulation is a specially compounded, oil resistant
EPDM rubber with proven electrical properties

Lead Sheath:

* A fatigue and corrosive resistant lead sheath. The lead

Industry References:
Industry standard:

sheath prevents decompression and is ideal for wells that * IEEE 1019
are gassy and have high levels of H2S and CO2 * API RP 11S5
« API RP 11S6
Barrier: « ASTM A459
e Bedding tape to protect the lead sheath. Rubber infused/ * ASTM B3
woven fabric * ASTM D412

Overall Cable Jacket (Round):
¢ Qil resistant/low swell EPDM jacket that has been
formulated for harsh conditions

Marker Tape:
* Footage, Manufacturer, Year
* Or per customer’s request

Armor:
* Interlock profile, corrosion resistant galvanized steel. Double
armor may be supplied where extra protection is required

Standard Packaging:
* DIN heavy duty steel reel
* Optional: Lagging
* Optional: Multiple lengths per reel

Summary Table

HTF3 HTR3

Rated Temp °F 450 450

kV Rating 4,5 4,5
Conductor Size (AWG) 1’52’0366 1’52(’);166
Conductor Coating Bare Bare
Adhesive Bond Yes Yes
Insulation Material Low Swell EPDM Low Swell EPDM
Lead Sheath Yes Yes

Tape Bedding Bedding
Jacket Material NA Low Swell EPDM
Standard Armor 20 Mil Galvanized 25 Mil Galvanized

8
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High Temperature Cable (450°F)

Type HTF3 Flat Electrical Submersible Pump Cable

Longitudinally applied, rubber backed,
woven fabric bedding tape

Footage/Manufacturer/Year

EPDM insulation with a poly-
adhesive layer over the conductor
(proven electrical properties for
down-hole applications)

Armor — standard galvanized steel

Solid, bare annealed copper (0.020 thickness)

conductor per ASTM B3

Fatigue and corrosive resistant 0.030” (hom) lead sheath barrier

High Temperature Flat (HTF3) cables are rated 5kV for operating temperatures up to 450°F. They provide good performance in
hot, gassy wells and where decompression resistance is required. These cables feature lead sheaths, which provide a superior
barrier to the damaging effects of hydrogen sulfide and other harsh well fluids/gases.

Kerite HTF3 (Flat) - 450°F

Conductor
Size

Insulation
Diameter

Conductor

. Overall Dimension
Diameter

Cable Weight

Lbs/Ft
(nom)

Inch
(nom)

Inch mm
(+0.016) (+0.406)

Inch
(nom)

mm
(nom)

mm
(nom)

Kg/M
(nom)

AWG mm?

1HTF3015-00001 5 1 42.4 0.289 7.3 0.45 11.3 1.65x 0.64 41.9x16.5 2.05 3.05
1HTF3025-00001 5 2 33.6 0.258 6.6 0.41 10.5 1.58 x 0.60 39.6x15.2 1.81 2.69
1HTF3045-00001 5 4 21.1 0.204 5.2 0.36 9.1 1.41 x0.55 35.8 x 14.0 1.45 2.16

1HTF3065-000 5 6 13.3 0.162 4.1 0.32 8.1 1.33x0.53 33.8 X 13.5 1.3 1.90

Note: All dimensions are subject to normal manufacturing tolerances. For reference only. Custom designs available upon request.

Optional Features: Application Data:
« Monel or Stainless Steel Armor Conductor operating temperature recommended
* 4kV constructions guidelines are based on Neher-McGrath calculations
« Tinned conductors presented in IEEE Std 1018 and 1019.
+ Double armor
+ Packaging options
« Marker tape per customer request

HTF3 Ampacity Chart Cable Voltage Drop
o0 _ Conductor temperature (25°C) 77°F
E 1AWE ; = /Jr I
250 —] L -
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2o | j o T 1 T
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Type HTF3 Flat with Capillary Tube Electrical
Submersible Pump Cable

Not Shown:
Marker tape
Footage/Manufacturer/Year

Longitudinally applied, rubber backed,
woven fabric bedding tape

Stainless steel capillary tube

EPDM insulation with a poly-
adhesive layer over the conductor
(proven electrical properties for down-

hole applications) Armor — standard galvanized steel

(0.020” thickness)

Solid, bare annealed copper

conductor per ASTM B3 \ g

High Temperature Flat (HTF3) cables are rated 5kV for operating temperatures up to 450°F. They provide good performance in
hot, gassy wells and where decompression resistance is required. These cables feature lead sheaths, which provide a superior
barrier to the damaging effects of hydrogen sulfide and other harsh well fluids/gases.

Fatigue and corrosive resistant 0.030” (nom) lead sheath barrier

Kerite HTF3 (Flat) - 450°F

Conductor Conductor Insulation . . .
. . . Overall Dimension Cable Weight
Size Diameter Diameter
Part No.

mm? Inch mm Inch mm Inch )] Lbs/Ft Kg/M
(nom) (nom) (+0.016) (+0.406) (nom) (nom) (nom) (nom)

1HTF3015-10002 5 1 42.4 0.289 7.3 0.45 11.3 2.03 x 0.63 51.5x 16.1 23 3.3

1HTF3025-10002 5 2 33.6 0.258 6.6 0.41 10.5 1.93 x 0.60 49.1x15.3 2.0 3.0

1HTF3045-10001 5 4 21.1 0.204 5.2 0.36 9.1 1.78 x 0.55 453 x 14.1 1.7 25

Note: All dimensions are subject to normal manufacturing tolerances. For reference only. Custom designs available upon request.

Optional Features: Application Data:
+ Monel or Stainless Steel Armor Conductor operating temperature recommended
+ Lead encapsulated Capillary Tube guidelines are based on Neher-McGrath calculations
* 4kV constructions presented in IEEE Std 1018 and 1019.

* Tinned conductors

* Double armor

 Packaging options

» Marker tape per customer request

o Rl i) =0 40 L0 a1 bl O B0 100 110 128 13 140
MAXIMUM WELL TEMPERATURE [F) MAXIMUM CURRENT [AMPERES)

HTF3 Ampacity Chart Cable Voltage Drop
_ Conductor temperature (25°C) 77°F
= 1AWG } - /Jr I
250 L]
E - --a..mg__-"“':-.., ! ) um‘-"f 1 nwd
T e * A |t !
Bl e
g - H% g 10 ‘77-4:"';
L | PR
£
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Type HTR3 Round Electrical Submersible Pump Cable

Not Shown:
Marker tape
Footage/Manufacturer/Year

Helically wrapped, rubber backed,
woven fabric bedding tape

Fatigue and corrosive resistant

lead sheath barrier
EPDM insulation with a
polyadhesive layer over the
conductor (proven electrical
properties for down-hole
applications)

Armored - standard galvanized steel
(0.025” thickness)

Solid, bare annealed
copper conductor per
ASTM B3

Kerite HTR3 round cables are rated 5kV for operating temperatures up to 450°F (232°C). They provide good performance in hot,
gassy wells and where decompression resistance is required. The round configuration provides balanced electric properties, and
the solid, bare copper conductors minimize longitudinal gas migration. The insulation is a high quality EPDM with a barrier of
adhesive polymer between the copper and EPDM. Helically wrapped tape provides decompression resistance. The three phase
conductors are protected by a lead sheath and an overall jacket of low oil-swell EPDM.

Kerite HTR3 (Round) - 450°F

Conductor Conductor Insulation

Oil resistant, low oil swell EPDM overall cable jacket

. . . verall Dimension le Weight
Size Diameter Diameter T ensio LD LI
Part No.
mm? Inch mm Inch mm Inch mm Lbs/Ft Kg/M
(nom) (nom) (+0.016) (+0.406) (nom) (nom) (nom) (nom)
1HTR3015-000 5 1 424 0.289 7.3 0.45 1.3 1.48 37.7 2.7 4.0
1HTR3025-000 5 2 33.6 0.258 6.6 0.41 10.5 1.42 36.0 2.4 3.6
1HTR3045-000 5 4 21.1 0.204 5.2 0.36 9.1 1.29 32.7 2.0 3.0
1HTR3065-000 5 6 13.3 0.162 41 0.32 8.1 1.20 30.5 1.7 25

Note: All dimensions are subject to normal manufacturing tolerances. For reference only. Custom designs available upon request.

Optional Features: Application Data:
* Monel or Stainless Steel Armor Conductor operating temperature recommended
- 3/8” Stainless Steel Injection/Capillary Tube guidelines are based on Neher-McGrath calculations
* 4kV constructions presented in IEEE Std 1018 and 1019.

* Tinned conductors

* Double armor

+ Packaging options

» Marker tape per customer request

MTR3 Ampacity Chart Cable Voltage Drop
Conductor temperature (25°C) 77°F
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MFL3 Cable Overview

Description
Motor Flat Leads (MFL) are low profile cables used as extensions to the motor. They are designed to operate at a
maximum operating temperature of 450°F (232°C) and can be provided in a Flat configuration (MFL).

Features and Benefits
* MFL extension cables use a specially compounded oil resistant EPDM insulation with proven electrical properties.

* MFL uses two layers of heat sealed polyimide tape over the conductor. The polyimide tape has very high dielectric
strength, which allows the insulation to achieve and maintain a high level of electrical integrity.

» A lead sheath is used to protect against chemical and/or gas migration. The lead sheath barrier prevents decom
pression and is ideal for wells that are hot and contain high level of gases.

* MFL cables can be manufactured with special armors to meet various well requirements.

Conductor:
Solid, tinned copper per ASTM B33

Polyimide Film:
* High dielectric tape, helically double wrapped for superior

electrical properties Optlo_ns: _
* Stainless steel armor for increased
Insulation: protection in wells high in H2S and CO2
e The insulation is a specially compounded, oil resistant * Monel armor for maximum protection in
EPDM rubber with proven electrical properties wells extremely high in H2S and CO2
Lead Sheath: Industry References:
* A fatigue and corrosion resistant lead sheath. The lead Industry standard:
sheath prevents decompression and is ideal for wells that * IEEE 1018
are gassy and have high levels of H2S and CO2 * API RP 1S5
* API RP 11S6
Barrier: « ASTM A459
e Bedding tape to protect the lead sheath. Rubber infused/ « ASTM B3
woven fabric « ASTM D412
Armor: Marker Tape:
¢ Interlock profile, corrosion resistant galvanized steel. Double * Footage, Manufacturer, Year
armor may be supplied where extra protection is required e Or per customer’s request

Standard Packaging:
« DIN heavy duty steel reel/wood reel
* Optional: Lagging
e Optional: Multiple lengths per reel

Summary Table

MFL3

Rated Temp °F 450

kV Rating 4,5
Conductor Size (AWG) S
Conductor Coating Bare
Adhesive Bond Yes
Insulation Material Low Swell EPDM
Lead Sheath Yes

Tape Bedding Tape
Jacket Material NA
Standard Armor 15 Mil Monel

12
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Type MFL3 Motor Flat Cable

Not Shown:
Marker tape
Footage/Manufacturer/Year

Longitudinally applied, rubber backed,
woven fabric bedding tape

EPDM insulation bonded to the
polyimide tape (proven electrical
properties for down-hole applications)

Double layer of polyimide

tape bonded to conductor Armor — Monel (0.015” thickness)

Solid, bare annealed copper
conductor

Fatigue and corrosive resistant lead sheath barrier

Motor Flat Lead (MFL3) cables are rated 4 or 5 kV for operating temperatures up to 450°F. They provide excellent performance
in highly corrosive wells. These cables feature lead sheaths, which provide a superior barrier to the damaging effects of
hydrogen sulfide.

Kerite MFL3 (Flat) - 450°F

n tor n tor Insulation . . .
e o_iuc 0 Co_ C[E0 sufatio Overall Dimension Cable Weight
Size Diameter Diameter
Part No.
AWG  mm? Inch mm Inch mm Inch mm Lbs/Ft Kg/M
(nom) (nom) (+0.016) (+0.406) (nom) (nom) (nom) (nom)
1MFL3044-010 4 4 21.1 0.204 5.2 0.31 8.0 1.25 x 0.46 31.6x11.6 1.20 1.90
1MFL3064-010 4 6 13.2 0.162 41 0.27 6.9 1.12x0.41 28.4x10.5 1.05 1.56
1MFL3025-010 5 2 33.6 0.258 6.6 0.38 9.7 1.45x 0.53 36.8x 13.4 1.65 2.61
1MFL3045-010 5 4 21.1 0.204 5.2 0.35 8.8 1.35x 0.48 34.2x0.48 1.30 2.00
1MFL3065-010 5 6 13.3 0.162 4.1 0.31 7.7 1.22 x 0.45 31.0x11.4 1.10 1.70

Note: All dimensions are subject to normal manufacturing tolerances. For reference only. Custom designs available upon request.

Optional Features: Application Data:
+ Galvanized or Stainless Steel Armor Conductor operating temperature recommended
« Tinned conductors guidelines are based on Neher-McGrath calculations
* Double armor presented in IEEE Std 1018 and 1019.

+ Packaging options
« Marker tape per customer request

MFL3 Ampacity Chart Cable Voltage Drop
Conductor temperature (25°C) 77°F
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250 —] L -
o e [ l :p.mj"'/ -
- — "-.____‘ 40
B T — I 30 T — |
33 BAWE |t “--._____H"“'-__:..‘q‘\k 'g_,. 7 P e T
50 — 10 =
2o | P e s B S
45 o0 135 180 215 270 315 360 405 450 o i ] £ 40 -] an T BD B0 100 110 1 133 140
MAXIMUM WELL TEMPERATLIRE (F) 3 MAXIMUM CURRENT [AMPERES)
13

Marmon Industrial Energy & Infrastructure ¢ marmoniei.com



A1 Marmon Industrial i i .-
IR L Energy & Infrastructure Smeersable Pumplng SVStem ker te

ESP CABLE

Submersible Pumping System

A typical submersible pumping system will consist of a down-hole induction type electric motor, a seal section, and a
multi-staged centrifugal pump. On the surface, a transformer bank and switchboard furnish electric power at the proper
voltage and provide electrical surface control and protection to the down-hole electrical equipment. Power is transmitted
from the switchboard to the down-hole electric motor via a three-conductor electrical cable that is strapped to the
tubing on which the unit is run into the well. Figure 1 shows the complete surface and subsurface equipment that
comprises a typical electric submersible pumping system.

SWITCHBOARD

AMP

METER WELL HEAD

- DRAIN VALVE
|~ CHECK VALVE
CABLE

- SPLICE

N / CABLE TROUGH
SURFACE 7, | X

CABLE

MOTOR FLAT

PUMP

TUBING —— INTAKE
CASING —>» —— SEAL SECTION
—— MOTOR
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Solid Versus Stranded Conductors in ESP Cable

Introduction

The question of solid versus stranded conductors in Electric Submersible Pump (ESP) cable discussions occasionally
causes some confusion as to the real impact of the various issues. These issues can be mechanical or electrical in na-
ture, or both. This discussion will address the various issues surrounding the solid versus stranded conductor question
and attempt to put into perspective each of the issues

Conductor Resistance
Conductor D.C. resistance is calculated by the formula (Ref. Elements of Power Systems Analysis, Stevenson):
R, = p*l /A (ohms)
Where:
p = resistivity of the conductor material
| =length
A = cross-sectional area of conductor

D.C. resistance values for solid and stranded conductors are tabulated below and were calculated using p = 10.371
ohm-circular mil/ft. @20°C, 1 - 1,000 ft. and a 2% stranded conductor spirality factor (Ref. ASTM B8-86, Table 3).

The calculated cross sectional areas (A) for solid conductors and stranded conductors are also tabulated below. The
stranded conductor cross sectional area differs slightly from the solid conductor cross sectional area because each
strand circular mil area (CMA) is calculated and then multiplied by the number of strands.

Conductor Size Cross Sectional Area (A) (Circular Mils) D.C. Resistance (Rdc) (Ohms/100 ft. @ 20°C
(AWG) Solid Stranded Solid Stranded
#1 83695 83770 0.124 0.126
#2 66358 66407 0.156 0.159
#4 41738 41719 0.248 0.254

The variation of D.C. resistance with temperature over the operating range of ESP cables is practically linear. We will as-
sume 140°C to be the normal operating temperature for the purpose of our calculations. The following formula is used
to calculate a temperature correction factor for the resistance of copper conductors initially at 20°C and corrected to
140°C:

ch =T+ t2
T+t
Where:

T = Inferred temperature of zero resistance
= 234.5 for annealed copper of 100% conductivity
= Temperature at which R is known
Actual temperature of R
Temperature correction factor

t1
t2
ch

For t1 equal to 20°C and t2 equal to 140°C the temperature correction factor would be 1.47. Applying the calculated
temperature correction factor (Tcf) the new D.C. resistance at 140°C would be:

Conductor Size D.C. Resistance (Rdc) (Ohms/100 ft. @ 20°C
(AWG) Solid Stranded
#1 0.182 0.186
#2 0.230 0.234
#4 0.366 0.373
15
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Uniform distribution of current throughout the cross section of a conductor exists only for direct current. As the
frequency of alternating current increases, the non-uniformity of current distribution becomes more pronounced. In a
circular conductor, the current density usually increases from the interior toward the surface. This phenomenon is called
skin effect. Skin effect produces an increase in effective resistance. In the case of large copper conductors at
commercial power frequencies, the increase in resistance should be considered. However, for small conductors this
increase in resistance may be disregarded. Tabulated below are the skin-effect ratios and A.C. resistance values for the
conductors considered previously:

Conductor Size Skin-Effect Ratio D.C. Resistance (Rac) (Ohms/100 ft. @ 20°C
((\'[)) Stranded Solid Stranded
#1 1.000720 1.000004 0.182 0.186
#2 1.000470 1.000010 0.230 | 0.234
#4 1.000190 1.000006 0.366 | 0.373

It is apparent from the above calculations that skin effect, even when taken to three decimal places and 1000 feet of
conductor, can be ignored.

Cable Ampacity

Cable ampacities can be calculated using the AIEE 1957 paper titled “The Calculation of the Temperature Rise and
Load Capability of Cable Systems,” authored by J. Neher and M. McGrath. The cable ampacities are based on heat flow
from the conductor (at maximum operating temperature) to the cable surface where it is convected and radiated away
from the cable surface. The ampacities are found by solving the following simultaneous equations:

PR =t _+t,

Rk
I’R_=0.182 ED_(t -t) + 0.714 D_(3/4) (t_ -t )(5/4)
Where:

| cable ampacity (amperes)

conductor resistance (ohms/ft. @ t)

t. = temperature of conductor (°C)

t, = ambient temperature (°C)

t, = temperature of cable surface (°C)

R, = thermal resistance of cable insulation and jacket (°C/watt/ft.)
D, = cable diameter (inches)

E = emissivity of cable surface

0
n

c

Tabulated below are the ampacity values for identical cables with the exception of stranding:

Conductor Size Cable Ampacity (amperes)
(AWG) Solid Stranded
#1 193 191
#2 166 164
#4 122 121

It should be noted that for simplicity of calculation the ampacity values calculated neglect the effects of both other
cables in proximity and cable sheath losses.

A comparison of the above detailed ampacity values indicates that there is a slight ampacity advantage with solid
conductors. Practically, however, this difference cannot be resolved in the field using conventional analog ammeters.

16
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Efficiency
When considering the efficiency of solid versus stranded conductors, the only factor that can be compared is conductor
losses (I12R). Tabulated below is a comparison of cable conductor losses:

Conductor Size Current in Cable D.C. Resistance (Rdc) (Ohms/100 ft. @ 20°C
(AWG) (amperes) Solid Stranded
#1 110 2202 2251
#2 94 2032 2068
#4 70 1793 1828

A comparison of calculated conductor losses (above) indicates that solid conductors are slightly less lossey than
stranded conductors. This results entirely from the increased resistance of stranded conductors.

Break Strength

When a stranded conductor is subjected to mechanical tension, the members that are helically applied tend to tighten
around those layers under them producing internal compression, gripping the inner layers and the core. Therefore, the
individual wires, taken as a whole, do not behave as they would if they were truly linear conductors acting independently.
In addition, the individual wires are never exactly alike in either diameter, or strength or in elastic properties. For these
reasons there is ordinarily a loss of about 4% to 11% in total tensile efficiency, depending on the number of layers in the
conductor. This reduction tends to increase as the pitch ratio of the helically applied members decreases.

Flexibility

The greater the number of wires in any given cross section, the greater will be the flexibility of the finished conductor.
However, as seen in conductor resistance, ampacity, efficiency and break strength, the differences are slight and probably
indistinguishable in the field.

Bend Radius

Bend radius, as noted in ICEA standards, is not a function of conductor stranding. Factors that may affect the cable
manufacturer specified minimum bend radius are cable diameter and the type of metallic coverings (if any) over the
cable insulation. In the case of ESP cable, limits are mainly imposed to prevent cable armor lap separation.

Fluid and Gas Migration

Unlike stranded conductors which act as a conduit for well fluids and gases, solid conductors resist the flow of
down-hole gases that can lead to decompression rupture. Whereas solid conductors naturally offer more resistance to
the flow of well gases and fluids to surface equipment, stranded conductors in the industry today must be filled with a
semiconducting material to impede the flow of well fluids and gases.

Conclusions

After review of all the issues involved the only subject that might weigh against the use of solid conductors is cable
flexibility. Unfortunately, there has been no industry standard established that will allow a manufacturer to quantify f
lexibility of a particular cable construction in comparison to others. Kerite can say that we know of no cable installation
that has ever been impeded by the use of our cable and, in fact, our existing ESP cable designs have proven to be
superior in many field installations.

17
Marmon Industrial Energy & Infrastructure ¢ marmoniei.com



IR . Technical Data kerite

ESP CABLE

Ampacity Calculation

The Ampacity is a term given to the current-carrying capacity a conductor can carry continuously under the conditions
of use without exceeding its temperature rating. Thus, to determine the ampacity of a conductor, its heat transfer
properties must be considered, which is what the Neher-McGrath equation, discovered by two cable engineers in 1957,
does.

The maximum operating temperature of a cable is a function of the damage that the insulation can undergo as
consequences of high operating temperature as current passes through the cable (conductor).

The Neher-McGrath Calculations provide a method for calculating cable temperatures or ampacity ratings and are
derived from the following technical paper: J. H. Neher and M. H. McGrath, “The Calculation of the Temperature Rise and
Load Capability of Cable Systems,” AIEE Transactions, Part Ill, Volume 76, pp 752-772, October, 1957.

The paper cites the following basic equation for calculation of a cable ampacity:

| _\/ - (T, + AT
R cA+YOR)
Where:
| = Ampacity (kiloamps)
T. = Conductor temperature (°C)
T, = Earth temperature (°C)
AT, = Conductor temperature rise due to dielectric loss (°C)
R,. = Conductor dc resistance (microhms/foot)
Y. = Lossincrement due to conductor skin & proximity effects
R_’ = Thermal resistance between conductor & ambient (thermal ohm feet)

On the surface the formula appears simple, but it masks complex procedures to solve and to determine the cable ampac-
ity. An approximation can be made with the following simplified formula:

I =V (T-T)/(R, XR_)

The ampacity is provided with every individual specification.
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Voltage Drop Calculation
What is voltage drop?

The voltage drop in cables defines the energy loss occurring in a cable due to the passage of electrical current in the
conductor. The energy lost will be converted to heat and dissipated to the insulation material of the conductor.

Voltage drop multiplied by the current gives the electrical energy wasted in ESP cable.

Voltage drop is affected by the material, size and temperature of the conductor, but the main factor is the magnitude of
the current flowing in the cable.

How to determine voltage drop?
1. Method 1- Using the Table
The voltage drop per 1000 feet at 25°C (77°F) can be located with every individual specification. For cables operating at
a different temperature, the voltage drop can be determined by multiplying it by Temperature Correction Factor (TCF) as
indicated in the formula below or by using the table below:

TCF =1+ 0.00214 * (T - 77)

CONDUCTOR VOLTAGE LOSS TABLE

Temperature Correction Factor @ 25°C (77°F)
Temp °F Temp °C Mult. Factor Temp °F Temp °C  Mult. Factor Temp °F Temp °C  Mult. Factor

50 10 0.94 221 105 1.31 393 200 1.67
59 15 0.96 230 110 1.33 401 205 1.69
68 20 0.98 239 115 1.35 410 210 1.71
77 25 1.00 248 120 1.37 419 215 1.73
86 30 1.02 257 125 1.39 428 220 1.75
95 35 1.04 266 130 1.40 437 225 1.77
104 40 1.06 275 135 1.42 446 230 1.79
113 45 1.08 284 140 1.44 455 235 1.81
122 50 1.10 293 145 1.46 464 240 1.83
131 55 1.12 302 150 1.48 473 245 1.85
140 60 1.13 311 155 1.50 482 250 1.87
149 65 1.15 320 160 1.52 491 255 1.89
158 70 1.17 329 165 1.54 500 260 1.91
167 75 1.19 338 170 1.56 509 265 1.92
176 80 1.21 347 175 1.58 518 270 1.94
185 85 1.23 356 180 1.60 527 275 1.96
194 90 1.25 365 185 1.62 536 280 1.98
203 95 1.27 374 190 1.64 545 285 2.00
212 100 1-29 383 195 1.65 554 290 2.02

2. Method 2- Using the Formula
The formula below is used to find the three-phase voltage drop across the cable:
V,=V3R, I=1732R I (V, < 30 V/1000 ft)
Where:
| = motor current (AMPS)

The electrical impedance of cable changes with temperature and the following formula is used to find the
resistance at elevated temperature (since inductive reactance is negligible, the value of the impedance will
be very close the resistance value Rdc).
R, = (L .R/1000) * [(1+0.00214(T-77)]
Where:
L. = cable length (ft)
R = conductor resistance at 77°F (ohm/1000ft)
T = Cable temperature (°F)
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Kerite Recommended Practices for Transportation,
Handling and Installation of Submersible Pump Cable

Introduction

The careful handling and installation of power cable is primary to the success of submersible pump operations. Special
efforts are necessary for the transportation, handling, storage, installation, retrieval and testing of power cable. Power
cable is an expensive investment; however, when installed with care, this investment will give long, trouble-free service.

It is recommended that submersible pump cable be installed using the guidelines identified in American Petroleum
Institute (API) publication AP-11R. Specific points which are key to a successful installation are stated below. This does
not relieve the servicemen from complying with API publication AP-11R. If any conflict is noted between this document
and AP-T1IR, this document shall prevail.

Transportation, Handling and Storage
» Necessary precautions shall be taken to protect the cable and reel from being damaged during storage,
transportation and installation.
* The reel of cable should never be allowed to roll against or over objects that might crush or damage the cable or
reel.
* A three inches inset (clearance) is recommended (one inch absolute minimum) between the outer wrapped cable
layer (including the pothead) and the reel flange. (Refer to Figure 1.)

Figure 1
* The reel must be transported and handled with the reel axle horizontal to the ground.

* When transported by conventional means, the reel rims shall be chocked (blocked) on both sides of the reel, or
installed in a lifting skid. The reel shall be properly secured by “boom chains” passing through the center section of
the reel. Chains must never pass over the top of the reel, or touch the cable.

» Each end of the cable must be securely tied down in such a manner as to protect the ends. The exposed ends of the
cable should be sealed with appropriate materials to protect them against the elements. Do not tie cable off on
the pothead connection! Provide separate tie down behind splice if motor lead flat is already spliced to the power
cable. Secure end of motor lead cable or power cable. Both ends of the cable must be secured and exposed ends
sealed to protect against elements.

* When forklifts are used to handle cable reels:

- Forks must be of adequate width and locked in position to safely lift the reel. Pick-up must be made on the reel
rims (flanges) only when approaching the reel from its end.

- Forks must be long enough to support both reel rims.
- Never lift more than one cable at a time.
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Preinstallation Cable Perperations

* New electrical cable should be tested at the shop using the Acceptance Cable Testing Table (80%), as stated by API
Recommended Practice 11S6.

* The cable marker tape footage should be recorded from both ends of the cable to fully identify the cable.
* Prior to installation operations the shop should pressure test the cable pothead as follows:

- Select the appropriate test cap for the type of pothead to be tested.

- With the “O” ring properly positioned, bolt the test cap to the pothead flange.

- Connect the test cap to a regulated air supply or hand pump.

- Submerse the test capped pothead into water. Be sure no air bubbles are trapped in the pothead prior to
applying pressure.

- Apply air pressure at the following test levels. (Note: Additional increments between 5 psi and 40 psi may be
added at the discretion of the oil company.)

* 5 psi for T minute
¢ 40 psi for 1T minute

The pothead has successfully passed the pressure test if a constant air pressure is maintained for one minute
and no bubbles are noted.

« If oil company policy is to use a Time Domain Reflectometer (TDR) for fault finding, it is suggested that a record
trace, for future reference, be taken prior to releasing the cable to the field.
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Installation

* On the service rig the cable reel must be handled with an axle and spreader bar. Short spaces shall be placed between the
reel and the stand on each side.

* The reel (and reel stand) should be secured to the deck floor 25 to 30 meters (80 to 100 feet) from the wellhead, in the
operator’s direct line of sight, and must not pass over the operator’s head. The cable shall feed off the top of the reel to
the wellhead with the concave side of the cable against the production tubing.

* Prior to pump installation operations, appropriate rig personnel will be properly instructed in the handling procedures
required. Assignments will be prepared for specific rig crew members, and close supervision must be provided to ensure
compliance.

¢ Only cutout type tubing spiders will be used so as to accommodate the down-hole cable. Slips shall be inspected every
300 meters (1000 feet) of tubing run and will be cleaned or replaced at the first sign of water.

* Back-up tongs shall be used to prevent tubing rotation. Tongs must be correctly sized and inspected every 300 meters
(1000 feet) of pipe run. To prevent cable damage from tubing rotation, backup tong dies should be further inspected for

buildup of paraffin, ice or dirt and replaced at the first sign of wear.

» Sufficient time must be taken to assure unhurried operation when running down-hole. Driller shall lower the tubing slowly
(400 meters/hour or 1000 feet/hour maximum) to allow these tasks by other crew members:

- Assure that the cable stays in the tubing spider cut-out.
- Assure that the cable is always slack between the cable reel and the guide reel during cable reel unwinding. Do not
allow tension in the cable!

* A guide wheel shall be used for running the cable down-hole. Initially, it shall be positioned approximately three meters (10
feet) above the rig floor and must be adjusted to assure that the cable will align vertically, parallel, and as close to the
tubing as possible. The guide wheel must be at least 122 cm (48 inches) in diameter and shall have provisions for a
secondary safety hanging device. Hoisting the guide wheel to working height (10 to 15 meters or 30 to 50 feet) must be
done without placing strain on the cable or bands.

* A Suspend the cable guide reel in the correct position for motor makeup and assure cable slack is provided on
each side of the wheel. The cable shall be held in position by hand during motor testing, connection and handling.

Do not tie cable off or allow cable weight on the pothead connection. (Refer to Addendum B, Recommended
Pothead Installation Procedures.)

* The motor must be prepared in accordance with manufacturer recommendations prior to running in the hole.

* The motor and electrical cable may be tested in accordance with the motor manufacturer recommendations. If unusual
readings are noted, the readings shall be compared to readings taken previously on the same hole. If the trend is
substantially different from what had been previously recorded report discrepancy to the rig supervisor.

* Inspect and test cable banding tool.

* No cable bands will be installed across any cable splice. Double bands shall be installed at each end of the cable splice
where the splice armor overlaps the cable armor.

* A minimum of two bands per joint shall be used, one just below the coupling, the other in the middle of the production
tubing. Consideration should also be given to installing five bands per joint slightly above the deepest point in the tubing
string removed and replaced.

* The total number of bands used shall be counted and recorded in workover records.

Retrieval (Pulling)

e |t is extremely important that all starts and stops in pulling the tubing out of the well be slow and smooth. Rapid removal
or rapid accelerations and decelerations are frequent causes of cable damage.

* As equipment is being pulled, a record should be kept of the total number of bands removed and the locations of any
missing bands. It should be determined by the rig supervisor if the number of lost bands are detrimental, and what action
should be taken.

* In order to prevent cable damage, bands shall be cut off with a proper cutting tool. The condition of the bands being
removed shall be noted and recorded. If corrosion is evident, a change in band metallurgy should be recommended to the
rig supervisor.

* While the cable is being pulled, it should always be oriented on the same side of the production tubing; if at any time when

tubing is being pulled the cable is not following exactly, stop the pulling operation, note the cause, and take corrective
action.
Cable being removed from the well shall be immediately spooled to a reel. Cable shall never be coiled on the ground. A
tool may be used to keep the cable in line; however, the tool material shall be softer than the cable armor material (i.e.,
rubber, wood, etc.). The location of all cable damage shall be recorded and flagged for easy identification in the repair
shop.
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Cable Testing after Removal from Well
* The location of cable faults may not always be evident. Various methods for locating faults are available, such as
Capacitive discharge (thumping) or the use of a Time Domain Reflectometer (TDR). Both methods are acceptable
but require operators that are knowledgeable and proficient in their use. Do not allow untrained personnel to test
cable!

If a TDR is to be used, compare the used cable trace with the record trace taken prior to the cable’s installation.

» Cable removed from an oil well should be tested at the repair shop using the Maintenance Cable Testing Table
(40%), as stated by APl Recommended Practice 11S6. Under certain environmental conditions (typical of an oil
well), a cable’s DC strength can be drastically reduced while its AC strength remains virtually unchanged. When
this occurs, the DC test can actually damage cable that would have otherwise continued to function under the
normal operating stress.

* While the cable is being spooled to another reel, measure cable length and visually inspect for weak or damaged
sections.

* Replace the cable on the original reel and remeasure cable length. (This respool operation may be disregarded if
the well is very corrosive. It will allow the cable that was previously on the bottom of the well to be replaced on
top.) During this operation perform all necessary repairs, including the replacement and splicing of the pigtail and
motor flat. The reuse of the Motor Flat Lead is not recommended!

 If a power cable has deteriorated and requires the repair of multiple failures, the power cable shall be replaced.

Storage of Used Cable

Used power cable shall be transported and handled as defined in Section A of this document. However, used cable shall
be stored in a clean, dry, covered storage area to prevent excessive corrosion.

23
Marmon Industrial Energy & Infrastructure ¢ marmoniei.com



T ewe  Technical Data kerite

ESP CABLE

Recommended Pothead Installation Procedure

Background Discussion

Potheads provide the electrical connection between ESP cables and motors. To perform this task, the pothead must
prevent well fluids from entering the motor while maintaining high dielectric properties across this sealed region. It must
do so over a wide range of temperatures and bottom-hole pressures.

Because the functional requirements of potheads are so demanding, a great deal of sophisticated technology is required
within these compact devices. It is therefore of great importance to protect them from damage during installation.

To prevent conductor movement and associated pothead damage:

* Never pull directly on a pothead. Any pulling can cause conductor movement which can destroy the electrical
integrity of a pothead without leaving any evidence of damage. If a rope must be used to pull on the cable, always
attach the rope to the cable at least two feet behind the pothead.

* Never bend a motor lead along its major axis. This type of bending, as illustrated in Figures A and B, causes relative
conductor movement, which can immediately destroy the electrical integrity of the attached pothead.

Figure A Figure B

* Never apply tension to a motor lead during installation. Even after the pothead is bolted into place, always continue
to manually support all tension in the motor lead and power cable until several bands have firmly secured the motor
lead to the ESP assembly. If tension is even momentarily transferred to the pothead, immediate and sever internal
insulation damage can result.

* Never raise the sheave higher than 10 feet above the ground until all the bands have been applied to the
motor lead and the motor lead/cable splice. If the sheave is raised before enough bands are installed, tension forces
in the cable may be transferred to the pothead, risking damage to internal pothead seals.

Normal pothead service life can be obtained only if the above procedures are fully observed.

Installation Procedure
After removing all lagging material from the cable reel, cut the holddown strap binding the pothead to the reel head.
Hold the motor lead in place while the strap is cut so that the pothead does not drop to the ground.

Feed the cable off the reel by turning the reel slowly. DO NOT PULL ON THE POTHEAD either by hand or by tying a rope
to the pothead. DO NOT TWIST THE CABLE between the reel and the sheave.

Push the cable carefully over the sheave while the sheave is suspended just above the ground. The pothead’s identifi-
cation numbers (stamped on its flange) should face the sheave to assure that the cable will not be twisted between the
sheave and the tubing.

Enough cable should be wound off the real so that the cable is resting on the ground; i.e., not suspended between the
sheave and the reel. This relieves tensions in the cable and makes connecting the pothead to the motor easier. To prevent
accidental pulling on the cable, the motor flat should be manually supported while the motor connection is made.

24
Marmon Industrial Energy & Infrastructure ¢ marmoniei.com



kerite Technical Data [t boro s Mrchocture

ESP CABLE

All Kerite potheads are factory-tested prior to shipment. These tests include, but are not limited to: voltage withstand
tests, pin torque tests and pressure tests. Because pressure tests are performed and certified at the factory, field pressure
testing is not mandatory. However, if field pressure testing is required by the operator, proceed as follows:

» Select the appropriate test cap for the type of pothead to be tested.
* With the “O” ring properly positioned, bolt the test cap to the pothead flange.
e Connect the test cap to a regulated air supply or hand pump.

* Submerse the test capped pothead into the water. Be sure no air bubbles are trapped in the pothead prior to
applying pressure.

* Apply air pressure at the following levels for one minute per increment:
-5 psi
- 10 psi
- 25 psi
- 40 psi
The pothead has successfully passed the test if a constant air pressure is maintained for one minute. After testing, thor-
oughly dry the pothead and fixture before removing the test cap.

For “Plug-In” Type Potheads
Secure the cable with a band* (Band A) to the seal section of the ESP unit (Figure C).
)

GUIDE SLEEVE

BAND A REEL
SEAL
SECTION
\ POTHEAD
MOTOR /
-
N

Figure C

*Secure the cable with a band and cable saddle, if available. Cable saddles can increase cable gripping and help prevent
cable slippage.

The cable entry point should be filled with oil before inserting the pothead. With the pothead I.D. numbers facing away
from the motor, install the pothead into the motor in accordance with the motor manufacturer’s recommendations
(Figure D1). The pothead should be seated by hand only. The securing bolts should not be used to pull the pothead into
place.

For Banding the Motor Lead

This procedure prevents tension from being applied to the pothead by the motor lead cable during installation. After
securing the pothead to the motor, carefully band* the flat cable to the seal section with a second band (Band B, Fig-
ure D2). Remove Band A before flattening the cable against the seal section. Replace Band A with a new cable band (B,
Figure D3).

* With cable saddles, if available.
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1 2 3

Figure D

Note: if flat cable guards are to be used, extreme care must be taken to keep tension off the bolted pothead while installing the cable guard.

For “Type-Connection” Type Potheads

Taped connections to motor leads should be made in accordance with the motor manufacturer’s recommendations. A
helper is useful to support the cable while the motor lead splices are made (Figure E). Do not pull back on the cable as
this could cause the pothead pins to pull away the motor lead connector sleeves.

Once the connections are completed, install the pothead into the motor and secure it according to the manufacturer’s
recommendations. Band the motor lead to the ESP assembly as described in the “Banding the Motor Lead” procedure

above.
™)
SEAL GUIDE SLEEVE
SELECTION POTHEAD WITH
\ TAPED MOTOR LEADS
MOTOR \ REEL
{
>
\ HELPER HOLDS D
«— CABLE DURING

$ TAPING

~

Figure E

After at least three bands are in place to firmly secure the motor lead to the ESP assembly, slowly raise the sheave to its
installation position. Be sure to maintain slack in the cable between the reel and the sheave so that tension in the cable
will not be excessive. Secure the sheave firmly and proceed with the rest of the ESP installation.
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AWG (American Wire Gauge) to
mm? (Millimeters Squared) Conversion

AWG to mm? Conversion Table mm? to AWG Conversion Table
e AWGei
- — 05 0.52 20
18 0.82 075 0.82 18
16 1:81 15 1.31 16
14 2.08 2.08 14
e 3.31 3.31 12
10 528 3.31 12
8 20 5.26 10
6 13.3 8.36 8
4 21.2 13.3 6
2 33.6 010 .
. Lo 336 2
1/0 535 424 ]
2/0 e 535 1/0
3/0 85.0 674 20
40 107 85.0 3/0
250 127 107 4/0
300 e 107 4/0
350 177 127 250
. 2L 152 300
450 228 177 350
500 253 203 400
600 304 228 450
750 380 253 500
800 405 304 600
1000 507 380 750
*Equivalent mm?2 cross-sectioned area 405 800
500 507 1000

I Multiple AWG choices — consult responsible engineer for required ampacity
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Metric Converstion Factors

To Convert From To Multiply By
Inches Millimeters 25.4
Millimeters Inches 0.03937
Inches Centimeters 2.54
Centimeters Inches 0.3937
Length Feet Meters 0.3048
Meters Feet 3.2808
Kilofeet (1000 feet) Kilometers 0.30848
Kilometers Kilofeet (1000 feet) 3.2808
Square Inches Square Millimeters 645.16
Square Millimeters Square Inches 0.00155
Square Inches Square Centimeters 6.4516
Square Centimeters Square Inches 0.155
Square Inches Circular Mils 1,273,240
Area
Circular Mils Square Inches 7.854 x 107
Circular Mils Square Milimeters 5.066 x 10
Square Milimeters Circular Mils 1973.51
Square Feet Square Meters 0.0929
Square Meters Square Feet 10.764
Pounds Kilometers 0.4536
Kilometers Pounds 2.2046
Weight
Pound/Kilofeet Kilograms/Kilometer 1.4882
Kilograms/Kilometer Pound/Kilofeet 0.6720
Ohms/Kilofeet Ohmes/Kilometers 3.2808
Ohms/Kilometers Ohms/Kilofeet 0.3048
Microfarads/Kilofeet Microfarads/Kilometer 3.2808
Electrical Microfarads/Kilometer Microfarads/Kilofeet 0.3048
Ins&':ggﬂﬁ:_iﬁ;?ggf: Megohms-Kilometer 0.3048
Megohms-Kilometer Megohms-Kilofeet 3.2808
Pounds/Square Inch Kilo Pascal* 6.895
Mechanical Kilo Pascal* Pounds/Square Inch 0.1432
Pounds (force) Newtons 4.48

*1 Pascal = 1 Newton/square meters
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Testing

In-process Test

Technical Data

Certification Test

M0 Marmon Industrial
BRL Energy & Infrastructure

Qualification Test

Conductor

Insulation wall thickness

Jacket wall thickness

Lead seath wall thickness
Armor overall diameter
Electrical Testing
Conductor

Conductivity

Conductor resistance

DC withstand

Insulation resistance-
Insulation conductor
Insulation resistance- Cable
Leakage current

Phase unbalanced

Spark Test
Continuity
Mechanical Testing

Physical properties-
Insulation

Physical properties-Jacket
Gas block

Cable bending - Flat/Round
Environmental Testing
Insulation air aging

Jacket air aging

Jacket oil resistance
Volume swell in water
Thermal cycling

Cold bend

Kerite Specification ASTM
B3/B33

Kerite Specification, IEEE
1018, IEEE 1019

Kerite Specification, IEEE
1018, IEEE 1019

Kerite Specification
Kerite Specification

Kerite Specification
ASTM B3/B33
ICEA S-68.516

Kerite Specification, IEEE
1018, IEEE 1019

ICEA S-68.516

ICEA S-68.516
API RP 11S6

IEEE 1017, IEEE 1018,
IEEE 1019

Kerite Specification

Kerite Specification

Kerite Specification

Kerite Specification
IEEE 1018, IEEE 1019
IEEE 1018, IEEE 1019

Kerite Specification
Kerite Specification
Kerite Specification
Kerite Specification
Kerite Specification

Kerite Specification
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