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Abstract Summary: The following engineering note is a conceptual design for the
foundation heater system to be installed in the concrete foundation of the LBNE
LAr cryostat. The purpose of the heaters within the concrete liner is to prevent the
water within the rock cavern surrounding the cryostat from freezing and thus

removing the possibility of damage being caused to the cryostat.
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Background

Based on previous analyses, the temperature of the liquid argon within the cryostat of the
LBNE Far Detector will present unwanted consequences for the rock wall of the cavern in which
the LAr cryostat is to be placed. Of greatest concern is the high probability of the freezing of the
water within the rock wall, which could lead to frost heave and the potential for damage to the
cryostat. In order to combat this issue, a heating system needs to be installed to maintain a
temperature in the rock wall that remains above freezing for the duration of the cryostat’s
operation. For this analysis, the temperature at which the rock wall is to be maintained is 5°C.

Information from LBNE Document Database and Other Sources

The general concept for the foundation heating system is to place conduits in the concrete
liner and then place heating elements in the conduits. The basic conceptual design is illustrated
below in Fig. 1 (from LBNE-doc#874-v1, p.7 of report; https://Ibne2-docdb.fnal.gov:440/cgi-
bin/RetrieveFile?docid=2380&version=1&filename=211674 -
_DUSEL_Cryo_Tank_and_Plant_-_Concept_Report_Rev_A.pdf)*
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Figure 1: Basic Conceptual Design

Based on other information in the document database, the rock temperature, and, by
association, the outer surface of the concrete liner, are to remain at or above 5°C.
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Figure 2: Cross-section of concrete liner and insulation

The dimensions of the stainless steel primary membrane are 70m x 16m x 16m (LxXWxH). The

thickness of the polyurethane foam insulation and concrete liner are 1.0m and 0.5m, respectively.

Table 1: Heat Load Values
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*Heat input values adapted from LBNE Doc#2548-v1 ?

Based on the fact that only the concrete liner will be heated, the heat input that takes place

through the roof of the cryostat can be ignored. Therefore, the heat input into the cryostat is the

sum of the heat load through the base, side and end walls, which is equal to 27.6 kW.

According to Heat Transfer, 4" Ed. (Holman p. 32)*, the temperatures on either side of the wall
must be equal. The temperature distribution throughout the solid is best represented by a

parabolic distribution (see Fig. 3).
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Figure 3: Temperature Distribution in a Solid
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For a heating element spaced equidistant from the edges of a solid, the temperature at each of the
solid’s walls will be equal. In this figure, q’ is the heat generated by the heating element within
the solid.

Heat Generation and Necessary Temperatures

For this analysis, it is assumed that, in order to maintain a minimum temperature at the rock
wall/concrete liner interface, the heat generated by the heating elements needs to be equal to or
greater than the heat that is being removed to the liquid argon. As was previously stated, the heat
transfer that takes place through the roof can be ignored. Therefore, the heat lost to the cryostat
from the rock wall is 27.6 kW.

According to Holman,
T — T, =% (1)

In this equation,
e T, is the temperature of the heating element within the solid
T is the wall temperature
q is the heat generated per unit volume
k is the thermal conductivity
x is the distance from the wall to the heating element.

For the basic conceptual design for this project, there are several heating elements spaced
throughout the concrete liner. The point at which the concrete will have the greatest potential to
drop below the 5°C acceptable limit will be the point that is the furthest from the heating
elements. This happens to be the point on the wall halfway between two adjacent heaters (see
fig. 4).
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Figure 4: Overhead view of Concrete Wall Section with Dimensions
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In the figure, the two circles on either end are the conduits where the heating elements would be
installed (not to scale).

e D is the spacing of the heater elements

e Dy mi is the distance between the heating element and the point at which the lowest
temperature would occur, which is simply one-half of D
tconcreTe 1S the thickness of the concrete
t12 1s one half of the concrete’s thickness
Twmin is the minimum temperature that would occur
L is the greatest distance between the heating conduit and the coolest point on the
concrete liner’s wall. It is essentially the hypotenuse of the right triangle that has legs of
ti2 and Dt_min.

Substituting the distance, L, into equation 1, we are left with
Ty T = — %L: (2)

The necessary temperature of the heating elements in the event of one element failing was
calculated first. This ensures that even if a heating element should fail, the concrete liner will
still be maintained above the minimum allowable temperature. If one heating element fails, the
spacing is doubled; as an example, for a 1 m spacing of functional heating elements, the effective
spacing of heating elements if one failed would be 2 m, which would also increase Dt pmin to 1m.
This gives the value for L as

L:-.q[ rwn) (ri"} )

L =+/(1.0m)*+ (0.25m)? = 1.03m
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The value for Ty is 278K. In this analysis, the heat generated per unit volume, g, is
(27.6 kW) / (1640 m®) = 16.8 W/m>. The thermal conductivity of concrete is k=1.73 W/m*K.
Substituting these values into equation 2,

(—16.8 W/m?)

2% (1.?3 %}

T.— 278K = — + (1.03m)?

(16.3 W/m?)

2% (1.?3%}

T. = 278K + # (1.03m)?

T, = 283K

In order to determine the value for Ty When all heating elements are functioning properly, the
value for T; is substituted into the equation, along with the new value of L,

L =+/(05m)?+ (0.25m)? = 0.559m

which yields
—16.8W /m° i
T, — Ty = — ( /m’) + (0.559m)>
o 2% (1 TEL)
TTmxE K
(—16.8 W/m?) )
—Tyyy = —283K + — % (0.559m)?
o 2% (1 73 L)
' m= K

Ty = 282K
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A table of several different values for conduit spacing and temperature can be seen below.

Table 2: Heater Element Spacing and Temperature Values

FAILED HEATER FUNCTIONAL HEATERS (@FAILING DESIGN)
SPACING D (T_MIN) L Ti | T(T_MIN) D (T_MIN) L T T (T_MIN)
0.10 0.10 0.269 | 278.4 278 0.05 0.255 | 278.4 278.0
0.13 0.13 0.280 | 278.4 278 0.06 0.258 | 278.4 278.1
0.20 0.20 0.320 | 278.5 278 0.10 0.269 | 278.5 278.1
0.25 0.25 0.354 | 278.6 278 0.13 0.280 | 278.6 278.2
0.30 0.30 0.391 | 278.7 278 0.15 0.292 | 278.7 278.3
0.38 0.38 0.451 | 279.0 278 0.19 0.313 | 279.0 278.5
0.40 0.40 0.472 | 279.1 278 0.20 0.320 | 279.1 278.6
0.50 0.50 0.559 | 279.5 278 0.25 0.354 | 279.5 278.9
0.60 0.60 0.650 | 280.1 278 0.30 0.391 | 280.1 279.3
0.63 0.63 0.673 | 280.2 278 0.31 0.400 | 280.2 279.4
0.70 0.70 0.743 | 280.7 278 0.35 0.430 | 280.7 279.8
0.75 0.75 0.791 | 281.0 278 0.38 0.451 | 281.0 280.1
0.80 0.80 0.838 | 281.4 278 0.40 0.472 | 281.4 280.3
0.88 0.88 0.910 | 282.0 278 0.44 0.504 | 282.0 280.8
0.90 0.90 0.934 | 282.2 278 0.45 0.515 | 282.2 281.0
1.00 1.00 1.03 | 283.2 278 0.50 0.559 | 283.2 281.7
1.13 1.13 1.15 | 284.5 278 0.56 0.616 | 284.5 282.6
1.25 1.25 1.27 | 285.9 278 0.63 0.673 | 285.9 283.7
1.38 1.38 1.40 | 287.5 278 0.69 0.732 | 287.5 284.9
1.50 1.50 1.52 | 289.3 278 0.75 0.791 | 289.3 286.2
1.63 1.63 1.64 | 291.2 278 0.81 0.850 | 291.2 287.6
1.75 1.75 1.77 | 293.2 278 0.88 0.910 | 293.2 289.2
1.88 1.88 1.89 | 295.4 278 0.94 0.970 | 295.4 290.8
2.00 2.00 2.02 | 297.8 278 1.00 1.03 | 297.8 292.6
2.13 2.13 2.14 | 300.3 278 1.06 1.09 | 300.3 294.5
2.25 2.25 2.26 | 303.0 278 1.13 1.15 | 303.0 296.5
2.38 2.38 2.39 | 305.8 278 1.19 1.21 | 305.8 298.6
2.50 2.50 2.51 | 308.7 278 1.25 1.27 | 308.7 300.8
2.63 2.63 2.64 | 311.9 278 1.31 1.34 | 311.9 303.2
2.75 2.75 2.76 | 315.1 278 1.38 1.40 | 315.1 305.6
2.88 2.88 2.89 | 3186 278 1.44 1.46 | 318.6 308.2
3.00 3.00 3.01 | 3221 278 1.50 1.52 | 3221 310.9
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The best way to contain the total cost of the heater cables would be to use as few as possible.
The only issue then is that a limiting spacing is reached due to the fact that the heater cables
would have to generate more heat on a per-foot basis in order to make up for the increased
distance between heater cables. In order to balance out the effects of both of those issues, a
heater element spacing of 1.25 m was selected, due to the fact that it is relatively at the middle of
the range of spacing, which will minimize the number of heater elements as well as the heat
output required of each element. For heater cables spaced at 1.25 m, when one cable is not
working, the temperature of the cable necessary to maintain a temperature of 278K at the edge of
the concrete liner would be 286K. At this temperature, the minimum temperature at the edge of
the concrete liner when all cables are working properly is 284K. If the heater cables were run at
280.2K, the temperature that would maintain the concrete/rock cavern interface at 278 K, and
one heater element were to fail, the temperature of the interface would decrease to about 272.3K,
just below the freezing point of water.

Heater Power/length

Dividing the necessary total heat generation by the total volume of the concrete liner gives the
necessary heat generation per cubic meter. That value, which was calculated earlier in this note,
is 16.8 W/m®. The total heat per length can be determined by multiplying the heater power by
the cross-sectional area that would be affected by one heater cable.

<+— 1.25m

l«— 1.25m —>le— 1.25m —>

Figure 5: Overhead view of concrete liner

qg'=4*A
g'= (16.8 ng « (0.5m * 1.25m)
=105 r—:L::nE.W- T 320 i
1 “m “m 32808 ft ~ ft
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If all of the heaters are working properly, the necessary heat generation will be 3.20 W/ft. If one
of the heaters were to fail, the heat generation for the heater cables on either side would need to
be doubled, which yields 6.40 W/ft. For heater cables run through the center of the concrete
liner spaced at 1.25m, the length of one heater cable would be 55m (181 ft) and the total length
of heater cable that would be needed would be about 3740 m (12300 ft).

Budget Costs

Several different heater trace cable options were researched and prices were quoted. A summary
of the different options that were researched is shown below. Additional information can be
found on the product catalog pages following this note.

VENDOR CABLE TYPE | POWER/FT (W/FT) COST PER FT TOTAL COST
CHROMALOX CW 4 $8.30 $102,100
CHROMALOX SR 5 $7.50 $92,200
MCMASTER-CARR SR 5 $3.68 (FOR QTY>100FT) $45,300
TEMPCO CW 5 $6.80 $83,640
TEMPCO SR 5 $7.20 $88,600

CW-=Constant Wattage; SR=Self-regulating

Beczkiewicz
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Heating Cable

CWM
Constant Wattage
Medium Temperature

« Uniform Thermal Cutput

- Accurate, Easy to Control
and Monitor

- Low Energy Cost
« No Inrush at Any Ambient

« IndustrialProcess and
Commercial'Construction
Applications

* Flexible to Most Any
Configuration

* Fluoropolymer Jacket

- Maximum Exposure
Temperature, Power Off, 392°F
(200°C)

- Steam Cleanable on Process
Equipment Up to 190 PSIG
(Power Off)

- 4 8 and 12 WiFL

- 120, 208 - 277 and 480 Volt
From Stock

- Approximate Size 1/4"W x 1/8"H
= Minimum Bend Radius 1-1/4"
« For Use on Metallic Pipes Only

« Consult Factory for Use on
Plastic Pipes

r saff:
Cul o Length Mediim Tem-
In Flekd parature

Comstanl Wall-
age Dutpm

Hote — Consult maximum maintanance temperatura chart on papa G-15

for allowable watt densitias.
Deescription

Chromalox CWM constant waitape heat-

ing cabde is a proven, reliable solution for
industrial process temperatura maintanance
and freara protaction. CWM faatures a
parallal haating core that produces uniform
tharmal output over its antirs langth. Using a
single power point, you can easilty configure
and install a hoat fracing system as shorl &
several feaf or as long as 730 feet right in tha
figld. Sysfem dasign only requires that you
miatch the CWM cable thermal cutput to the
heat loss of your piping sysiam.

CWM i= floxibla at most ambient tampera-
turas and can be wrappad around piping
and complex fittings. It is rugged. fo
manifor and maintain temperature, and has
zero inrush at start-up. With 392°F (200°C)
fluorapalymer electrical insulation ower-
jackefing, CWM has outstanding alectrical
and thermal properties, and is well suited for
most chamically hicstile anvironments. An
gxtensive ranga of wattages and voltagas are
available immadiately from Chromalox stock.

Fearures
= Durable, non-aging flucropobymer jacket

ensures long service life and can be used in
soma hostile anvircnments.

+ Flaxibla_ sasy fo install on most aquipment

and delivers long-term refiable performance.

+ Eliminates the need for owarsized wiring or
switchgear.

« Accurate iemperatura, raliable alectric heal
that can be consisiently controlled and eas-
ily monitorad.

+ Safe and nugpad.
+ Parallel circuitry allows cui-to-langth.

+ High performanca, rated to withstand up
fo 302°F saturatad steam (100 psig) tem-
parature (prwer off).

+ Lowr profile, uses standard size thermal
insulatian on piping and procass
equipment.

Construction

y Twin 12 AWG Copper Buss Wires —
Provida reliable, consistent alectrical
current.

iz FEP Insulation Jackat — Elactrically
insulates buss wires.

(@ Pairing Jacket — Sacures two buss wiras

together and provides wrapping surface
for Nichroma wire.

Nickel Chromium Wire — Healing
component of the cabla.

(3 FEP Insulation — Rugged outar shaath
protects heating cable, assures longer
servica [ife, and provides protection

against anvironmental application hazards.

(3 Tinned Copper Braid — Platad coppar
braid increasas robust construction,
provides ground path and provides
additional protaction in any location.
Suffix “C” in model numibsar.

i FEP Overjacket (optional) —
Fluoropabymer overjacket, over tha braid,
providas profection from most agueous

and chemically corrosive solutions. Sufiix
“T" in modal number.

Approvals'

UL Listed for ordinary areas.
CSA Certified for ordinary and:
# Class |, Div. 2, Groups ALB.C. D

# Class 1, Div. 2, Groups F G Rated T3 Tam-
peratura Class®

Motes —

1. Depands on specific model.

2. Excaption: Cabla surface temperature shall
not exceed 190°C in Class |1, Div. 2, Group
F. 165°C iin Class I, Div. 2, Group G.

Chromalox”®

CONSTANT
WATTAGE




Heating Cable

CWM
Constant Wattage Medium
Temperature (cont'd.)

Specifications

120 0.033 330

CWM 2-1CT e

CWM 8-1CT B 120 0087 240
CWM 12-1CT 12 120 0100 200
CWM 4-2CT 4 240 007 00
CWM 8-2CT B 240 0033 480
CWM 12-2CT 12 240 0050 400
CWM 12-aCT 12 480 0025 a0

Ouiput Wartage at Various Operating Voltages (Fr.)

-m-mmmmm

ChVM 1241 12 —_ —_
CWM B-1 8 — — — —
CWM 4-1 4 — — — — —
ChYWM 12-2 | =] 104 12 —_ —_
CYWM B2 2 5] [ a8 —_ —_
CWM 4-2 — 3 34 4 — —
CWM 12-4 —_ 2.3 25 3 4 12

Maximum Allowable Pipe Maintenance Temperature with Power On

w/n AT-1 Tape 282 248 200

w AT-1 Tapa EE-I:I 3-1-'1- 332 326 32‘:- 314 Bi.':'T 3}1 236

| 620 Chromalox®




Heating Cable

CWM

Constant Wattage Medium ,_, ¢ Information

femperature (cont'd) B waa n HE
oltage (Vac

CWM 4-1C 392040 gﬁ
CWM 4-1CT 3 392075 110
4 240 CWM 4-2C 5 392058 86
CWM 4-2CT 5 392083 110
120 CWM B-1C 5 3a2139 86
8 CWM B-1CT 5 382183 110
240 CWM B-2C 5 3147 ]
CWHM B-2CT 5 3T 10
120 CWHM 12-1C 5 J|ax2ar i)
CWM 12-1CT 5 8225 110
12 240 CWHM 12-2C 5 382235 30
CWM 12-2CT 5 382280 110
480 CWM 12-4C 5 392243 30
CWM 12-4CT 5 382278 110
Accessories
Acceszories Ul Barias 1] EL
Power Connection | Heat trece to electnical service connection | UPC HTPC 55K
Sphce & Tee UMC  |ATST HT-RET
End S=al For ienminating cable LUES ATES HAT-RES
Lighted End Sesl LISL ATST-5L [MiA
Thermaostat Ambient &ir sensing thenmosiat a5 ATAS THLTXL
Line sensing mechanical thermostat UEC ATBC THRTXH
r To Order —  General ication & instellation Accessonies pe straps
waming labels, etc., refier o the U Series, OL & EL Genemlﬁgp
Accessories page at the end of this section.

U“‘*"*‘”"*E . Modal  Constant Wattage Mediom Temperaturs
Information CWM  Constant Wattage, Medium Temperature Heating Cable
Ta Ordor — Code  Output (W/FL)
Compiete the 4 Four
Moos! Number 2 Eight
wsing the Matrix 1?2 Twalve
provided Code Mominal Voltage (Vac)
1 120
2 240
4 480

Code Braid and Owercoat Options
C Standard finned-copper metallic
braid for additional protection and
ground path
CT Fluoropolymer corrosion resistant
owvarjacket ovar braid for hostile'
More information COITOSive anvironments
is Available Online CWM 5 i 4 Typical Modal Number
on Heat Trace.
Bookmark Your Browsar to
www.chiromalox.com
and Select Manuals.

Chromalox® 621 |



Heating Cable

SRL

Self-Regulating
Low Temperature

« Beli-Regulating, Energy Efficient
- 16 AWG Buss Wire
« Circuit Lengths to 660 Feet

+ Process Temperaturs
Maintenance to 150°F (65°C)

+ Maximum Continuous Exposure
Temperature, Power Off, 1B5°F
@5 C

+ Industrial Freeze Protection
Applications

+ Freeze Protection of Fire
Protection System Piping

+ Field Splicing Without
Disrupting Heat Output

- 3,5, 8and 10 W/FL

= 120 and 208 - 277 Volt From
Stock

« Approximate Size 38™W x 1/8"H
» Min. Bend Radius 1-1/87

+ For Use on Metal and Plastic

Pipes
]
Descripidion

Chromaloe: SEL seff-ragulating heating cable
provides safe, raliable haat fracing for freeze
protaction of pipes, valves, tanks and similar
applications. Construcied of indusirial grade
16 AWG buss wira with a tinned copper braid
and optional overjacketing, SAL ansures op-
arating intagrity in Div. 2 hazardous environ-
mants a5 well as certain corrosive industrial
gnvironments. SEL heafing cabla

hias a maximum mainfenancs temperature

@@

e

—
e
e
.
"
H'\.
-

s o] =
Cul b2 Length Can b= Eingle
Im Flekt Dverappad

Features

+ Energy efficient, sali-requlating SRL u=es
less anargy when less haat is required.

+ Easy fo insfall, 3RL can be cut io any length
{up to max. circuit length) in the field.

+ Fiald splices can be performed easily in min-
utes with no scrap or wasted cold sactions.

# SRL featuras lower installed cost than steam
fracing, less maintenance expensa and lass
downtime.

+ SAL can be overlappad without burnout,
which simplifies heat fracing of in-line pro-
cass aguipment such a5 vabies, elbows and
pumps.

+ Bacausa SRL i salf-regulating, ovar-tamper-
ature conditions are minimized.

+ Chromalox termination, splice, tes and end
saal kits raduca installation time.

Construction

£} Twin 16 AWG Copper Buss Wires —
Prowida refiable alectrical current
capability_

@ Semiconduective Palymer Core Matrix —
“Seli-Regulating” componant of the cabla,
its electrical rasistanca varies with
tamperatura. As process femparaiure
drops, the core’s haat output increases; as
process lemperature nises, the heat
output dacreases.

@ Palyolefin Jacket — Flame retardant,

T ™~
H
= AN
Liow Tesmpara- Zall Requlzting
lure Ouipet

(3 High Temperature Fluoropolymer or TPR
Overjacket {optional) — Carrosion
resistant, flame ratardant overjackat is
highly efiectiva in many anvironmants.
TPR coatings protect agains cartain
inorganic chamical solutions.
Fluoropolymear coatings are wsed for
BXpOsUre to organic of cormosive
solutions. Thesa coatings also profect
against abrasion and impact damage.

Approvals

ATEX and IECEX Exe lIGb, Factory Mutual
{FM) Approved for ordinany areas. UL Listad,
CEA Certified for ordinary areas. UL listed for
freeze protection of fira profection systam
piping. FM Approved for hazardows (classified)
araas when usad with U Serias, DL and EL
accRESnieg:

» Class [, Div. 2, Groups B.C. D
{igases, vapors)

= Class [I. Div. 2, Groups F G
{combustibla dust)

= Class [, Div. 2
{aasily ignitable fibers and fillings)

= 3 Wati Rated TE Temperatura Class
= 5 and & Watt Ratad T5 Temperature Class
= 10Watt Rated T4A Temparature Class.

CSA Cerfified for hazardous areas when used

= Class |, Div. 2, Groups A.B. G, D

rating of 150°F {(65°C). alictrically insulates the matrix and buss with DL or EL accessories:
wiras and provides resistance to water
and =omea inorganic chemical solutions.

. i . = (lass |, Div. 2, Groups F, &
(D) Tinned Copper Braid — Provides
additional mechanical prataction in any = ATEX and IECEX Ex= l1GD
environmant and a positive ground path. . @ 115 Bxa |
G-10

Chromalox®




Heating Cable

3 Thermal Ouiput Ratings on Insulated Metal Pipe'
SRL "
. . 13 I | I
Self-Regulating Low o b
Temperature (cont'd.) QSRS .
- =y . [ . .. . .
" e H [t . it “\-.._h:x 1
L = S =
i 7 hos " e g " "
- E‘ B = swr B NEERD
£, R dnEma=saauasancas
Bl R T = E
i 3 [ e A PP
L Cable Duipel vs. = = 3 s
E [ Temperature B =
1] 1 =N
il ) 10 20 3 &0 S0 G0 70 40 30 100 190 120 130 140 150
II|| Flpz Temperziure |°F)

Hiote 1 — Thermnal output ks determined per IEEE 515-2004 Standard for tes gi n
Eﬁ&“g‘ and mantenznce of slectrical resistance heat tracing n4.1.11
&

Thermal Output Ratings on Plastic Pipe with Aluminum Tape

4 L1l
et S0

1 r+J

P

- ﬂILS- =

.F r_' - - For-a. T o
- AL e .
T == =n

= == =t =

Cable Dulpel vs. . SEEEEE= -
Temperalue

Hoal Dutpul (W/FL)

= B e B0 Em =i s
T
P

L I

|

e —
] 10 20 3 40 50 S0 70 B} S0 D0 190 120 130 140 150
Plpe Temperalmre [*F)

Owiput Wattage at Alternate Voltages [WiF)

=
SHL = 2.4 5
SHLS 4.1 -16 4.3 -10 3.8 +13 E
SHLE E.B8 -14 7.28 -8 E.DE +12 [*
SAL 10 8.7 -13 92 -B 11.1 +10 E

Circust Breaker Selection iMax. Circuit .fe'ﬂ;g'r.és e Fi. )

‘Eﬂ!ﬂﬂ%
SH IEEIIEIE'.".IIEIEEIE’.I IEIIEIEIIEIEIIIEI 108 | 1sA | 208 | 26A | 38 L
1 :‘IJII EI]I] EEEI %gg 115 5:55 NF| %EE ET':} 495 NE

5F|L5-1|: 125 | 185 | 250 | 270 NR NFl B0 135 | 180 | 225 | 270 NH 120 | 160 | 205 | 245 | 270
SALs-2C 250 | 375 | 505 | 540 | NR NR 180 | 270 | 380 | 450 | 540 NR 1E-EI 245 | 325 | 405 | 480 | 540
ME

SHALs-1C 100 | 150 | 200 | 215 NR o 110 145 180 | 215 MR ES 103 | 130 | 165 | 200 | 210

SHLa-2C 185 | 285 | 375 | 420 HE NAR 135 | 200 | 265 335 F35 420 § 120 | 175 | 235 | 300 | 350 | 420

SAL1o-1C ] B5 130 160 180 NR 50 a0 105 130 | 155 160 45 70 B 120 | 140 | 180

SHL10-2C 100 | 160 | 210 | 260 | 315 | 360 ED 125 im0 | 210 | 255 340 fi= 120 | 160 | 185 | 240 | 320
HR = Mot Aequired. Maxsmum circuit length has been reached in & smaller breaker size.

Hote — Themal magneic circuit breakers are recommended since magnetic circult breakers could “nuisance tip” at low temperature.

Chromalox”® =1




Heating Cable

SRL
Self-Regulating Low
Temperature (cont'd.)

Orderin g fa{lil'iirm.-ri‘r'ﬂﬂ

SAL3AC o JE26TE =3
120 SAL 3AACT E51 SE3400 BE
~ SAL 31CH 5 3273 64
3@ s0F SAHL 3-2C o 3E2866 =3
208 - 277 SRL 3F2CT b2 JE3418 BB
SAL 32CR o SE2740 B4
SAL 51C 5 JE2664 53
120 SRAL =-1CT o FE344 3 BB
. SHL 5-1CR F5] SE2TSE B4
5 @ 50°F
SAL 5-2C o SE2T0T =3
208 - 277 SRAL -2CT 5 SE3451 BE
SHL 5-2CR F5] SE2TEE B4
SALBAC = 3E2555 =3
120 SAL BCT o SEIAED BE
~ SAL B-1CR 5 IE2SEE B4
8@ s0F SHL B-2C 5 3E2SEI 53
208 - 277 SAL B2CT o 3634TE BE
SHL -2CR o 362600 B4
SALA01C 5 362820 53
120 SAL10-1CT o 363486 BE
SAL 10-1CR 5 362046 64
0@ soF SAL 10-2C 5 362836 53
0a8-3277 SAL10-2CT o 363404 BE
SAL 10-2CRH F5] 362854 B4
I 1o oroer — Speciy length, model, PCH and instaliation accessories.

Accessories
[ras— |useries| m | m
Power Connection |Heat trace to elecirical senvice connection |UPTC ATPC 55K
Splice & Tes UMC  |ATST BT-B5T
End Saal Faor terminating cabls UES ATES BT-BES
Light=d End Seal USL ATST-5L [WiA
Themostat Ambieent air sensing thermostat UAS ATAS THLTEL
Line sensing mechanical themastat UBC ATBC THRTYR
To Order —  General aticn & Installation Aco tr:
r O~ Genersl Apploation & el Acoessofies SIS 5 o0 b Sk
ACCESSOMES page at'ﬂ'le end of this section.
Ordering Model Sel-Regulating Low Temperature
Information SRL  Sefi-Regulating, Low Temparatue Heating Cable
To Order — Code Duiput (W/FL)
Complete the 3 Threa
Modal Number § Fwe
using the Makix &  Eight
provided. 10 Ten
1
Contact your Local Code Voltage
Chromalox Sales 1 120
offica for monitor z  208-277
wiire option. Code Braid and Overcoat Dptions
C Tin-Plated coppar matallic braid for
addifional protaction and ground path
Maore Information CT  Huoropolymer comosion resistant
is Availahle Online g_ltrﬁﬁanll:]krﬁarclréur braid for hostile/comosive
on Heat Trace. CR  TPR ovarjacket over braid for protaction
against certain inorganic chamical
Bookmark Your Browser 1o solufions
www. chromalox. com SRL 5 1 C Typical Model Humber
and Select Manuals.
&
E-12 Chromalox



Heat Cable |}

b Heat cable can be used to malntain the temperature and vis-
Cosity m‘uproc:ass fluids, protect plpes from freezing, and Keep
roofs and gutters free from snow and Ice bulldup.

Use fiberglass tape to secure heat cable onto plpes (see
7574A on page 3415). You should also wrap nsulation around

Tem|

About Heat Cable, Tape, and Rope
Watts/Tt. Needed for Temperature Change

e_tlaralura rise Is the fluld temperature
taln minus the minimum amiient {surmou
Watts/ft. ratings are based on using Nberglass Insuiation.

u need to main-
ing) temperature.

the |:|'| o I:Il'ﬂtﬂl.'.l the cable and ensure maximum heat Dlltle Watts Tt Neaded for ]'gﬂperatuﬂ! Cﬁang‘e
(sea %ef.ﬁr. on page 34843). — insulation Pipe Size
Total watt output = cable length = watts/f. P e T T e Tz
Amp draw = total watt output = volts T F T D F B W Ec
Sal- ting Heat Cablo—Ad|usts Its power cutput In re- I E T 1'3 1'5 1'? 1'9 2'1 2'5
Iation to surface as well a5 amident [surmcunding) temperaturas. : - : - - =
The hotter the amblent temperatura, the lower wattage out- 50" F F 1.2 (1.3 |14 16| 18] 2
put. As a result, no temperature controling device Is needed 100° F 1 3.5 (38 a5 [s53]se] 6a
unless a specific, consistent temperature Is desired. 100° F 1’ 28 (31 [3s [aa[|4a] s
ﬂmﬁ-:hﬂ[fm:ﬁﬂmt CT;;.I?—AME]&S pﬁaﬂ“gﬂ F?E:?l 100° F 2 24 (27 |3 34| 37 ] 43
nated amoul watts per . o miatter a . : 7
{surrounding) temperature |s. Becausa It's deslgned to continu- §£= : ::,Ir - éi g'g ?'? 1;'; 1;'? ::?'3
ally supply wattage Into the t being heated, it should ba : : : : : : -
used with a temperatura c ling deviCe to prevent burnowt. 200° F 2 53 |59 |&& 15[ 81 ) 93

This also lets you maintain more precise temperatres,

Note: Constant-wattage cable cannot be overlapped. There
must not be alr gaps between the cable and the surface to be
heated.

minimum amixent
heat cabla with at |

For example, to maintain a fAuld temperature of 150° F with a
change of 100" F), 1%" of Insulation, and a 1° pipe, you need a

temperature of 50° F (for a temperature
east 3.5 watts/f.

Power-Saving Heat Cable

The internal conductive core of this self-regulating cable adjusts power use based on the
temperature. The colder it gnts. the greater the heat output; as the temperature increases, the
heat output automatically decreases. Requires the power-connection kit (sold separately) for
hardwirimg. To turn unit on and off, a temperature controller is recommended [see pages 590-
502). Use on metal and plastic pipes for freeze protection and low tnmiperature process main-
tenance. All cable has 16-ga., plated copper bus wires encased in a self-regulating, conductive
core. The cable has a tinned-copper overbraid to provide a low-resistance ground.

Heat Cabie with R equired

Voltage is sbg?e ghase. Cable can be safely overla bast is not suitable for burying under- FPower-Connec tion Kit
ground. UL listed, C5A certified, and FM approved Class |, Div. 2, Groups B, C, and D junless noted).
Heat Cable

Cable with jacket has a fluoropolymer outer 120 VAC ] 240 VAC —
cowering that's designed for corrosive envi-  Watts/ Max. Standard With Jacket hlax_ andard With Jacket
ronments. fr Lg Per Fr. Per F.. Lg Per Per FL

Low-Temperature Heat Cable—Maximum — Topr ratre Heat Cabie
heat output is 150° F. Exposure temperature 73 - I0% . 3507K52. 3410 3507KEI. $5.57 650 fr..3507KS3_$470 3SOTKEA. 3708
rangeis -40°to +185° F. Standard cabdemea- ¢ 370§ 3507K55 . 481 3S0TKET . 635 G40 f 350TKST . 545 350THAES . 205
sures approximately "3a” Wd.«%he' Thick. 777390 f 3507K58 | 495 3507KE0 . 711 420 f 350TKS0 . 607 350THKF1 . 253
Eiﬂ:fewt;ﬂth_r:ffmc?eaﬁum approximataly H_ﬁ. . u}p ﬁ...SEﬂ?Kﬁ;I; Eﬁhzmmz. . 163 3604 3507KEZ.. 751 3507KTI.. 674

D - m-Temperature Heat

Medium-Temperature  Heat  Cable— 40 o071 . 3507KE1. 1069 375 H.. : 3507KA2. . 1151
Maximum heat output is 250°F. Exposure g5 735 g 350THAT. 1144 270 . 3507HAL 1200
lemperature range is 4" to WI500F. Lable 30 1054 3507HAS. 1180 2104 3507HAE. . 12.43
measures approximate 7 .x Yae” Thick. wature Heat Cah i erature R
R RS e 7 " Mekim e s il weh i Epesye e |

Medium-Temperature Heat Cable with £ 7390 fi 36005K31.10.13 36005KAT 1216 ; : :
High sure  Temperature—haximum g7 FE0 fi 36005K32 1064 36005KAZ 1239 ) B} .
heat outplt s 250° F. Exposure temperature 577 7990 ft. 36005K33. 1132 3600SK43 1335 T7C .. 3600SKES. 1220 :
rangeis -40°10 +375° F. Standard cablemea- 93 170 . 36005K34.13.71 3600SK44 1510 335 . 36005K54.14.74 36D0SKT4. 1584
swres approximately " Wd.« % Thick. 5777935 f 3B005K35 1455 36005KA5 1758 ) ) )
Cable with jacket measures approdmately 18 125 fi. 36005K11.16.41 36005K13.1943 745 36005K12.T713 3600EKTA. 2033
" Wil » 3" Thick. 20010 fi 36005K3T 1710 3600SKAT 2053 210 fi 36005KET 1845 3B00SKTT 2142

Connection Kits

Power-Connection Kig—Includes parts
necessary to connect power to a run of cable.
Includes standoff for connection to an electri-
cal box, and parts to allow connection to the
end of the cable. Use with both low- and

Cable-Extension Kits—Contain parts to lat
cable. Medium temp. kit contains parts to ad
medium-temperature cable.

you add new cables to the end of an existin
cable. Low temp. kit includes shrink tube an
splices to add up to two lengths to an existinﬂ
one length to an existing cable.
For Low Temp_...... . 350TK2B Each $31.39
3507Ke9 .. ... ... Each $54.08 For Medium Temp.. . 3597K93 Each 35403

Additional-Cable Kit—Contains the parts
to connect and terminate three additional
runs of cable to an existing electrical box. Re-
quires the I||:u:r.vnr-|:|:|nnnct|on kit to be previ-
ously installed.

3507K25 .. .e..EBch $15.12

Ready-to-Use Power-5aving Heat Cable

An included 30

oy
ancrrnntal pipes up to 2v: dia. Cable can be safely overla
tinned-copper braid with waterproof polyolefin cover. Size is

e W

d.x % Thick.
heating. Voltage is single phase. 120-VAC cable includes a standard three-prong pl

power cord makes this cable ready to use and eliminates the need for termination and power
kits. Cable is self-regulated so it does not require a temperature controller. The colder it gets, the higher the heat
ut; as the temperature increases, the heat output automatically decreases. Use for freeze protection on plastic
Made of nickel-plated copper bus wire and a
aximum heat cutput is 120° F.
Exposure temperature range is -40° to +150° F. Watts/ft. rating is 6 & 40° F. UL listed and C5A certified for pipe
. Itis also UL listed and C5A

certified for roof and gutter de-icing applications. 2406 VAC cable has thres stri leads for hardwiring.
120 VAC | 240 VAC———
La. Amps Each Lg  Watts Amps Each Lg. Each
6 ft. L0.25 . 35B0K22 540.90 50 f.... 250 2.08 . . 35B0K31.5136.41 6 ft..... 30073 .. 3580K52. 34086
12 ft 0.5. 35B0K24 . 51.89 75 fr.... 313 35BOK32. 191.24 1ZF 3580K54 .. 53.86
18 ft 0.75 JA5BOK26.. 64.92 100 fr... 417 . 35BDK33. 237.03 18 F S580K56.. E£6.42
24 f._. eV B5BOK2E .. TT.ET 24 f 3580K58 .. BD.64
McMASTER-CARR. 509



Heat Trace Cable

Constant Wattage Heating Cable

Design Features

o P,
S8

Constant Wattage Heat Trace Cahle

FE Style Heating Cable Maximum Temperature: 400°F (204°C)

The FE Style cable heating clement is tension wrapped and covered with a flu-
orocarbon film and enclosed in a minimum 20 mm Teflon® FEP abrasion
resistant extruded jacket. This tough outer cover provides moisture and
diclectric protection as well as resistance to abrasion. A layer of tinned cop-
per braid is then applied to meet NEC code and to provide mechanical pro-
tection as well as a low resistance to ground.

Applications

Specifications

Temperature Exposure Rating 400°F
(204°C)

Ease of installation—cut to length at
the job site

Moisture and chemical resistant
Stands up to repeated handling and
flexing

Field proven industrial grade
construction

Single end power connection

Agency Approvals

Factory Mutual
Ordinary Locations
Hazardous Locations;
Class I, Division 2, Groups B,C & D
Class 11, Division 2, Groups E.F & G
Class I11, Division 2

CSA (120 and 240 VAC only)
Ordinary Locations
Hazardous Locations;
Class I, Division 2, Groups B,C & D
Class 11, Division 2, Groups F & G
Class I11. Division 2

* Mid-Temperature Control

* Food Processing Plants

* Freeze Protection

* Chemical Processing Plants

+ Hazardous Locations

+ Water Lines/Condensate Return Lines

Voltages Available: 120, 208, 240, 480V
Wattages: 3. 5, 8, 12 (W/fL)

Outside Dimensions: Nom. .300"x.2007
Exposure Rating: 400°F (204°C)
De-Energized: 450°F (232°C)

Standard Metal Overbraid: Tinned
Copper (Optional Stainless Steel)
Moisture and Chemical Resistance:
Excellent

Flame Resistance: Outstanding
Radiation Resistance: Fair to Good

Ordering Information _—— W
Tempco's FE Constant Wattage Heat Trace Cable is sold by part \
number and length. The cable part number is put together as follows:

HTPO2

Wat'tage-waﬂs/ﬂ. Options

IWML=3 None =0
Volitage %

5 Wi =5 : 3 = Stainless Steel Overbraid

8 WL = 8 120 VAC =1 = =

12 WL =2 240 VAC =2 Note: Due to code requiremeats, FE
208 VAC = 3 l: cable has a metal overbraid.
480 VAC =4 2

A iR 7

6-10 Product inventory Available for Viewing and Selection @ www.lempco.com



Heat Trace Cable
Self-Limiting Heating Cable

Soif-Limitimg Heat Trace Cable

Tempco's Self-Limiting Heating Cables are all parallel resis-
tance, low watt density electrical heaters designed to be cut to the
desired lengths in the field, eliminating the need for prefabrica-
tions and reducing or eliminating many design and installation
costs. Mo special training is reguired.

Self-limiting heating cables are designed and built to regulate their
output. As the process temperature drops, the cable’s output
increases; conversely, as the temperature rises, the cable’s output
decreases.

The self-limiting core is in essence an infinite number of parallel
resistors that permit the cable to be cot to any length without cre-
ating cold sections. Becauss it is self-regulating and infinitely

parallel, the output vares along the length of the cable, depending
upon local process temperature.

Metal overbraid is provided on all heat trace cabling to meet NEC
code for grounding. The braid provides mechanical protection, as
will as a low resistance grounding path.

On 5L zzlf-limiting cable, in addition to the standard metal over-
braid, an optional thermoplastic elastomer or fluoropolymer outer
jacket is recommended when exposure to organic chemicals or cor-
rosives is expected.

Self-limiting heating cable provides safe. reliable heat tracing for
process temperature maintenance and freeze protection of pipes,
valves and similar applications.

Design Features Specifications Agency Approvals

Efficient, Safe, Easy fo Install Voltages Awailable: 170, 240 #* CBA

Maintenance Temperatures up fo Wattages: 3. 5. B, 10 (W/ft.) # [EEE 5td 515 RU

I50°F (65°C) Dutside Dimensions: Nom. 450" %_130" % Factory Mutual

Can Be Overlapped Exposure Rating: | 50°F (65°C) Ordinary Locations

De-Energized: (85°C) Class I, Division 2, Groups B, C & D
Applications Standard Metal Overbraid: Tinned Class 11, Division 2. Groups F & [
— ‘Copper or optional Stainless Steel Class 111, Division 1 and Division 2

Pipelines Moisture Resistance: Excellent

[irains Chemical Resistance: Good

Water Lines Flame Resistance: Good

Safety Showers Radiation Rasistance: Fair

Sprinkler Systems

12

10
RN
LH.\"\HH_
a"‘"n-_

Porwror Output, wa tts/foot
a

Wattages
0]
Hx\“‘-\ a
“'“‘-h.,ﬁ_\ "‘ah
) ] - = N
2 'H-_,_\_‘_\_‘-H-H\-H— - :‘H—H‘-—:
I_\_'_‘_‘-—-. | T —] H
fo 50" e B 110 130~ 150"

Fipa Temperatura, *F

S Style Heating Cable

The 5L Style cable heating element is a low watt density parallel
circuit clectrical heater. The multi-stranded bus wires are extroded
in an irradiated self-regulating conductive polyolefin that increases
and decreases its heat output with changes in the ambient temper-
ature. A flame retardant thermoplastic elastomer jacket is added
for abrasion and impact resistance.

A metal braided shield is then applied to meet NEC code for
grounding. Metal overbraid heaters are FM approved for use in
harardous arcas.

An optional fluoropolymer outer jacket is also available. This
outer jacket should be specified when the metal braided cable is
installed in corrosive environments.

Product Invenfory Available for Viewing and Selection @ www.lempco.com
A AR AN N\ RN Y Y RN EEAE—— B
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