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Step  Complete the Bill of Materials

If you used the Design Worksheet to document all your design parameters, you should have 
all the details necessary complete your Bill of Materials.

2. Select the heating 
cable

3. Determine the 
heating cable length

4. Determine the 
electrical parameters

5. Select the 
connection kits and 
accessories

6. Select the control 
system

7. Select the power 
distribution 

8. Complete the Bill of 
Materials

Pipe Freeze Protection
and Flow Maintenance

1. Determine design 
conditions and heat 
loss

Pipe Freeze Protection
and Flow Maintenance
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XL-Trace System Pipe Freeze Protection and Flow Maintenance Design Worksheet

Step  Determine design conditions and pipe heat loss

Design conditions

XL-Trace applica-
tion Location

Maintain 
temp.
(TM)

Max. 
system 
temp.
(TMAX)

Min. 
ambient 
temp.
(TA)

Pipe diameter
and material Pipe length

Thermal insulation 
type and thickness

Pipe freeze protection

 Water piping  Indoors
 Outdoors

 Aboveground
 Buried ______ ______ ______ ____ in

 Metal
 Plastic _____ ft (m)

 Fiberglass
 ________ ____ in

 Sprinkler piping  Indoors
 Outdoors

 Aboveground
 Buried ______ ______ ______ ____ in

 Metal
 Plastic _____ ft (m)

 Fiberglass
 ________ ____ in

Flow maintenance

 Greasy waste 
lines

 Indoors
 Outdoors

 Aboveground
 Buried ______ ______ ______ ____ in

 Metal
 Plastic _____ ft (m)

 Fiberglass
 ________ ____ in

 Fuel lines  Indoors
 Outdoors

 Aboveground
 Buried ______ ______ ______ ____ in

 Metal
 Plastic _____ ft (m)

 Fiberglass
 ________ ____ in

Example:
0 Water piping 0 Aboveground

0 Outdoor 40°F 80°F –20°F 2 in 0 Plastic 300 ft 0 Fiberglass 1 in

Pipe heat loss

Calculate temperature differential T

Pipe maintain temperature (TM)
°F (°C)

Ambient temperature (TA)
°F (°C)

TM ΔT
− =

Example: Pipe Freeze Protection − Water Piping

TA

Pipe maintain temperature (TM)
°F

(from Step 1) 

(from Step 1) Ambient temperature (TA)
°F

TM ΔT

40 °F

40 °F

−20 °F

−20 °F 60 °F
− =

TA
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Determine the pipe heat loss: See Table 2 for the base heat loss of the pipe (QB). If the T for your system is not listed, interpolate between the two closest 
values.

QB-50  ΔT1
W/ft (W/m)

QB-100  ΔT2
W/ft (W/m)

QB 
W/ft (W/m)

in

in

°F (°C)

W/ft (W/m)

W/ft (W/m)

Example: Pipe Freeze Protection − Water Piping

Pipe diameter 2 in

1 in

60°F 
Insulation thickness

3.2 W/ft

6.8 W/ft

ΔT

QB-50

QB-100 

Pipe diameter

Insulation thickness

ΔT

QB-50

QB-100 

ΔT 60°F is 20% of the distance between ΔT 50°F and ΔT 100°F
QB-50 + [0.20 x (QB-100 − QB-50)]

ΔT interpolation

3.2 + [0.20 x (6.8 − 3.2)] = 3.9 W/ftQB-60

3.9 W/ft @ TM 40°FPipe heat loss (QB-60)
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Compensate for insulation type and pipe location
See Table 2 for the pipe heat loss (QB). If the T for your system is not listed, interpolate between the two closest values.
See Table 3 for insulation multiple
See Table 4 for indoor multiple

QB 

QCORRECTEDQB

x =

W/ft (W/m)

Insulation multiple

Indoor multiple (if applicable)

Location

Insulation thickness and type

Insulation multiple
x

Indoor multiple
(if applicable)

Example: Pipe Freeze Protection − Water Piping

Location Aboveground, indoor

1-in fiberglassThermal insulation thickness and type

3.9 W/ft @ TM 40°F

Indoor multiple

1.00Insulation multiple

N/A

3.9 W/ft 1.00
 3.9 W/ft @ TM 40°FQCORRECTED QB

x== =
Insulation multiple

QB 



PIPE FREEZE PROTECTION AND FLOW MAINTENANCE

40 of 44 www.tycothermal.com (800) 545-6258 H55838    2/09

Step  Select the heating cable

Power output data: See Figure 13
Power output correction factors: See Table 5
Heating cable temperature ratings: See Table 6

Select outer jacket
 -CR
 -CT

Example: Pipe Freeze Protection – Water Piping

5XL1-CR

Power at rated V factor
x

Pipe maintain temperature (TM) (from Step 1)

(from Step 1)

(from Step 1)

(from Step 1)

(from Step 1)

(from Step 1)

(from Step 1)

(from Step 1)

Corrected heat loss (QCORRECTED)

Supply voltage

Pipe material (metal or plastic)

XL-Trace application (water, fuel oil, or greasy waste)

Pipe freeze protection: general water piping, sprinkler piping

Flow maintenance: greasy waste lines, fuel lines

Maximum system use temperature (TMAX)

Plastic pipe correction factor
=

Corrected power

Heating cable selected

Power at TM (120/208 V)

Power output correction factor

Plastic pipe correction factor

If No, then design with additional runs of heating cable or thicker thermal insulation.

YesE NoE

Maintain temperature (TM) 40°F

3.9 W/ft @ TM 40°F

120 V

plastic

QB = 3.9 W/ft @ TM 40°F
Select curve C: 5XL1 = 5.6 W/ft @ 40°F
Power output correction factor: 120 V = 1.00
Pipe material correction factor: Plastic = 0.75
Corrected heating cable power: 5.6 @/ft x 1.00 x 0.75 = 4.2 W/ft
Select: 5XL1
Maximum system temperature (TMAX): 80°F
Maximum heating cable exposure temperature (TEXP): 150°F
TMAX < TEXP: Yes

Corrected heat loss (QCORRECTED)

Supply voltage

Pipe material (metal or plastic)

Example: Pipe Freeze Protection − Water Piping

CORRECTED
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Step  Determine the heating cable length

For additional heating cable allowance for valves: See Table 7.
For additional heating cable allowance for pipe supports and flanges: See Table 8.

Pipe length
( )x +

Total heating cable
length required

Number of heating
cable runs

Total heating cable length

Heat sinks

=
Additional cable for valves,
pipe supports, and flanges

Type of valves
x

Total heating cable
for valves

How many
=

Additional heating cable

Type of pipe supports
x

Total heating cable
for pipe supports

How many
=

Additional heating cable
*2-in pipe diameter = 0.17 ft

Type of flanges
x

Total heating cable
for flanges

How many
=

Additional heating cable

Total heating cable for heat sinks:

Pipe length
( )x +

Total heating cable
length required

300 ft 1 15 ft 315 ft

Number of heating
cable runs

Total heating cable length

Heat sinks

=
Additional cable for valves,
pipe supports, and flanges

Type of valves
x

Total

Gate valves 3 4.3 ft 12.9 ft

How many
=

Additional heating cable

Example:

Type of pipe supports
x

Total

Pipe hangers noninsulated
and U-bolt supports 5 (0.17 ft* x 2 = 0.34 ft) 1.7 ft

How many
=

Additional heating cable
*2-in pipe diameter = 0.17 ft

Type of flanges
x

Total

n/a 0 0 0 ft

How many
=

Additional heating cable

14.6 ft rounded up to 15 ftTotal:
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Step  Determine the electrical parameters

Determine maximum circuit length and number of circuits
See Table 9 and Table 10.

Determine transformer load
See Table 11 and Table 12.

201 ft315 ft 1.6 circuits, round up to 2

315 ft of 5XL1-CR

−20°F

201 ft

/ =
Number of circuitsMaximum heating cable circuit lengthTotal heating cable length required

T 120 V     T 208 V
T 240 V     T 277 V

Total heating cable length required

Supply voltage:

T 15 A       T 20 A
T 30 A       T 40 A

Circuit breaker size:

Minimum start-up temperature

Maximum circuit length

/ =
Number of circuitsMaximum heating cable circuit lengthTotal heating cable length required

T 120 V     T 208 V
T 240 V     T 277 V

Total heating cable length required

Supply voltage:

T 15 A       T 20 A
T 30 A       T 40 A

Circuit breaker size:

Minimum start-up temperature

Maximum circuit length

Example:

9

9

x /   1000     =
Transformer
load (kW)

0.119 A/ft 315 ft 120 V 9.0 kW

Max A/ft* at minimum start-up temperature Heating cable length
x

Supply voltage

2
x

No. of circuits

Example:

x /   1000     =
Transformer
load (kW)

Max A/ft* at minimum start-up temperature Heating cable length
x

Supply voltage
x

No. of circuits
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Step  Select the connection kits and accessories

See Table 13.

Connection kits – Aboveground Description Quantity Heating cable allowance

RayClic-PC

RayClic-PS

RayClic-PT

FTC-P

RayClic-S

RayClic-T

RayClic-X

FTC-HST

RayClic-LE

RayClic-E

Power connection and end seal

Power splice and end seal

Powered tee and end seal

Power connection and end seal

Splice

Tee kit with end seal

Cross connection

Low-profile splice/tee

Lighted end seal

Extra end seal

____________

____________

____________

____________

____________

____________

____________

____________

____________

____________

__________________

__________________

__________________

__________________

__________________

__________________

__________________

__________________

__________________

__________________

Connection kits – Buried Description Quantity Heating cable allowance

RayClic-PC

FTC-XC

RayClic-LE

RayClic-E

Power connection and end seal

Power splice and end seal

Lighted end seal

Extra end seal

____________

____________

____________

____________

__________________

__________________

__________________

__________________

Accessories – aboveground and buried Description Quantity

RayClic-SB-04

RayClic-SB-02

ETL

GT-66

GS-54

AT-180

Pipe mounting bracket

Wall mounting bracket

“Electric-Traced” label

Glass cloth adhesive tape

Glass cloth adhesive tape

Aluminum tape

_____________

_____________

_____________

_____________

_____________

_____________

+ =
Total heating cable

length required
Total heating cable allowance for connection kitsTotal heating cable length

Total heating cable
allowance for connection kits
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Step  Select the control system

See Table 18.

Thermostats, controllers 
and accessories Description Quantity

AMC-F5

AMC-1A

AMC-1B

EC-TS-AMB

EC-TS-10

EC-TS-25

SB-110

DigiTrace 910

DigiTrace 920

ACCS-30

RTD3CS

RTD10CS

Mechanical thermostat

Mechanical thermostat

Mechanical thermostat

Electronic thermostat with ambient sensor

Electronic thermostat with 10-ft sensor

Electronic thermostat with 25-ft sensor

Pipe mounting bracket for EC-TS

Microprocessor-based single-point heat-tracing controller

Microprocessor-based multipoint heat-tracing controller

Multipoint commercial heat-tracing controller

Resistance temperature device for DigiTrace 910 and 920

Resistance temperature device for DigiTrace 910 and 920

_____________

_____________

_____________

_____________

_____________

_____________

_____________

_____________

_____________

_____________

_____________

_____________

Step  Select the power distribution

See Table 19.

Power distribution Description Quantity

HTPG Heat-tracing power distribution panel for group control _____________

Contactors Description Quantity

E104

E304

Three-pole, 100 Amp per pole contactor

Three-pole, 40 Amp per pole contactor

_____________

_____________

Step  Complete the Bill of Materials

Use the information recorded in this worksheet to complete the Bill of Materials.
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Important: All information, including illustrations, is believed to be reliable. Users, however, should independently evaluate the 
suitability of each product for their particular application. Tyco Thermal Controls makes no warranties as to the accuracy or 
completeness of the information, and disclaims any liability regarding its use. Tyco Thermal Controls' only obligations are those 
in the Tyco Thermal Controls Standard Terms and Conditions of Sale for this product, and in no case will Tyco Thermal Controls 
or its distributors be liable for any incidental, indirect, or consequential damages arising from the sale, resale, use, or misuse of 
the product. Specifications are subject to change without notice. In addition, Tyco Thermal Controls reserves the right to make 
changes—without notification to Buyer—to processing or materials that do not affect compliance with any applicable specification. 

Tyco and other trademarks are the property of Tyco Thermal Controls or its affiliates

Worldwide Headquarters
Tyco Thermal Controls
307 Constitution Drive
Menlo Park, CA 94025-1164
USA
Tel:	 (800) 545-6258
Tel:	 (650) 216-1526
Fax:	 (800) 527-5703
Fax:	 (650) 474-7711
info@tycothermal.com
www.tycothermal.com

Europe, Middle East, Africa
Tyco Thermal Controls
Romeinse Straat 14
3001 Leuven
België / Belgique
Tel:	 (32) 16/213 511
Fax:	 (32) 16/213 603

Canada
Tyco Thermal Controls
250 West St.
Trenton, Ontario
Canada K8V 5S2
Tel:	 (800) 545-6258
Fax:	 (800) 527-5703

Latin America
Tyco Thermal Controls
7433 Harwin Drive
Houston, TX 77036
United States
Tel:	 (713) 868-4800
Tel: 	 (713) 735-8645
Fax:	 (713) 868-2333

North Asia
Tyco Thermal Controls
20F, Innovation Building,
1009 Yi Shan Rd,
Shanghai 200233,
P.R.China
Tel:	 86-21-2412-1688
Fax:	 86-21-5426-2937 / 5426-3167


