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DESIGN ANALYSIS page No. 1 of 6
client WHC Wo/Job No. W-320
subject C Farm Electrical Heat Tracing Systems pate 9/19/95 By R.H. Graeber
. checked 9/27/95 By S.A. Najjar i;:-lﬁ
Location 200 E, C Farm Revised By .

1.0 OBJECTIVE
1.1 To determine the power requirements needed to power electrical heat tracing
. segments contained within three manufactured insulated tubing assemblies.
To verify thermal adequacy of tubing assembly selection by others.

1.2  To size the heat tracing feeder and branch circuit conductors & conduits.
To size protective circuit breaker and fuses.

1.3 To accomplish thermal design for two electrical heat tracing segments: One
@ C-106 tank riser 7 (CCTV) and one at the exhaust hatchway (condensate
drain).
2.0 DESIGN INPUTS
2.1 Drawing H-2-818559, Shts. 2 & 3, P&ID Tank 241-C-106.
2.2 Drawing H-2-818561, Shts. 1, P&ID Tank 241-C-106 HVAC.
2.3 NFPA-70, National Electrical Code (1993 edition).
2.4  "In Tank" CCTV, WHC Purchase Requisition No. 422301.
3.0 GIVEN DATA

3.1 All electrical heat tracing provided by others as a part of tubing
assemblies shall be powered by a 120 VAC, 1 phase source.

3.2 A1l electrical heat tracing shall be for freeze protection only. Need to
maintain process piping at 40 Deg F minimumt :

3.3 Minimum ambient temperature est. to be - 20 Deg. F., maximum ambient
temperature estimated at 110 Deg. F.

3.4 Location to be outdoors and/or buried 12 inches below grade.

3.5 Field installed piping insulation to be 1/2 inch thick fibergiass
(ASTM €547-77) with maximum "K" factor at 50 Deg. F. to be 0.2497
BTU-IN/HR-SQ FT-Deg.F.

4.0 ASSUMPTIONS
4.1 Estimated duration for this project is two years.

4.2 FElectrical power is supplied from a panelboard sgurce at 120 VAC
. {(+ or - 10%). )

HNF-2488, Rev. 0
Page A-3
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5.0 METHOD OF ANALYSIS

6.0 REFERENCES

7.0  CALCULATION

5.1 Hand calculations

6.1 H-2-818569, Sht. 1, material list.

6.4 NFPA-70, National Electrical Code (1993 edition).

6.2 0'Brien Corporation "Tracepak" catalog application guide.

6.3  Raychem "Chemelex" heat tracing systems catalog design guide for insulated
pipes and tubing.

7.1 Description of tubing/piping systems to be protected and any heat tracing
-supplied by others.

Mech. System Location Dia. Length Insulation

7.1.1 Underground & Outdoor | 0.5 25 ft. 0'Brien single tracepak

1-752-131 (TPE1) with 5BTV1 Chemelex
tracing.

7.1.2 Underground & Outdoor { 0.5" 25 ft. 0'Brien single tracepak

1A(20#)-704-131 . (TPE2) with 5BTV1 Chemelex
tracing.

7.1.3 Underground & 90 ft. 0'Brien dual tracepak with

FW-626-131 and outdoor 0.5" single 5 BTV1 Chemelex

1A¢20#)-705-131 0.5 tracing.

{to CCTV @ R-7)

7.1.4 Outdoors (see Two 5 ft. 0.5" thick fiber glass with

Flex tubing & 7.1.3) Llong flex PVC jacket. "K" = 0.2497

upper junction tubes.

box & CCTV_(R-7)

7.1.5 Outdoors 0.75" 10 ft. 0.5" thick fiber glass with

DR-305-M9 PVC jacket. "K" = 0.2497

HNF-2488, Rev. 0

Page A-4
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7.2 Analysis of electrical heat tracing supplied by others (see H-2-818569).

7.2.1 Mechanical systems identified in 7.1.1, 7.1.2 & 7.1.3 are protected by
electrical heat tracing supplied by others. Notice that 7.1.1 & 7.1.2,
although in different service, are identical.

a)On page 6 of reference 6.2, the TPEL Chart confirms that the 5BTV1
type Chemelex heat tracing is adequate for the "single" tube freeze
protection. The "5 watt/ft" tracer maintains the "TPE1" single,
0.5" process line at 60 Deg. F. given a -20 Deg. F. ambient
temperature.

b)Again on page 6 of ref. 6.2, the TPE2 Chart confirms that the 5BTV1
type Chemelex heat tracing is adequate for the "dual" tube freeze
protection. The "5 watt/ft" tracer maintains the "TPE2" double,
0.5" process lines at 55 (+ or -) Deg. F. given a -20 Deg. F.
ambient temperature.

7.3 Determination of electrical tracer requirements instalied on tubing & pipes
in the field (by ICFKH).

7.3.1 Heat tracing requirements for mechanical systems jdentified in 7.1.4 and
7.1.5 are to be determined by this calculation section.

7.3.2 Calculation for 7.1.4 (from ref. 6.3).

a)Temperature differential = maintained temperature - lowest ambient
temperature.

I(Diff) = 40 - (-20) = 60 Deg. F.
b)From Chart 1, pipe heat loss equals approximately 2.3 watts per

foot for T(Diff) = 60, Insulation Thickness = 0.5" and Flexible
Tubing Size = 0.5 ".

(60-50)

[Interpolation: 1.9 + (3.9 - 1.9) = 2.3]

(100-50)

c)Also from the bottom of page 2 at Chart 1, the insulation factor
for fiber glass insulation is 1.0.

d)The net pipe heat Toss is 2.3 watts/ft X 1.0 = 2.3 watts/ft.

e)Selection of tracer sizing is accomplished using Chart 3a. Chemelex
3BTV tracer would provide 3.4 watts per foot at 40 Deg F. To-
increase the degree of certainty and to assist in heating the upper
junction box, upsize the tracer to a 15BTV1®. This has the

HNF-2488, Rev. 0
Page A-5
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additional advantage of matching the "TPE 2" tracer (being sliced
onto). Two flexible tube assemblies each approximately 5 feet long
are expected.

f)Chemlex "5BTV1" tracer will deliver 5.6 watts/foot © 40 Deg F.
Best guess is that the CCTV upper junction box will be fabricated
by the vendor from a 12" long section of 12" dia. pipe (same as the
12" dia. pipe -in Chart 1). From Chart 1 for T(Diff.)=60, pipe dia.
= 12" and insulation thickness = 0.5", the pipe heat Toss is:

(60-50)
25.2 +

(52.5 - 25.2) = 30.66 watts/foot
(100-50)

30.66 watts/foot X 1.0 insulation factor X 1 foot length = 31 watts
heat loss thru the junction box side walls.

Sidewall surface area = wdh = (w)(1')1') = 3.14 sq. ft.
Top & bottom surface area = 2[#r’] = 27(0.5)" = 1.57 sq. ft.
Will add 50% for heat loss thru junction box top/bottom.
Total heat loss = (1.5) 30.66 = 46 watts.
At 5.6 watts/foot deliverable, we will need 46 watts/5.6 watts/foot
= 8.2 feet (min.) of chemelex "5BTV1" tracer wrapped around the
upper junction box. Will add 50% to this footage to ensure
adequate coverage. Wrap 12 feet (+ or -) around the CCTV upper
junction box. Approximately 4 wraps are involved.
7.3.3 Calculation for 7.1.5 (from ref. 6.3)

a)T(Diff.) is the same as 7.3.2a = 60 Deg. F.

b)From Chart 1 for T(Diff.) = 60, pipe dia. = 0.75" and insulation
thickness = 0.5", the pipe heat loss

60-50)
=2.9 +

(6.1-2.9)= 3.54 watts/foot.
(100-50)

- ¢)3.54 watts/foot X 1.0 insulation factor = 3.54 watts/foot.
d)Again, select Chemelex "S5BTV1" tracer (5.6 watts/foot @ 40°F).

HNF-2488, Rev. 0
Page A-6
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7.3.4 Appendix "C" is provided to confirm the Chemelex "SBTV1" tracer selected is

more than adequa
provided by the

7.4 Additionally, the Chemelex heat tracing cable option "CR" was selected for

te. These "unqualified" software calculations were
These calculation summaries are only
attached as a supplement to the official hand calculations.

Raychem vendor.

all field installed tracer so as to accomplish the following:

7.4.1 Provide improved mechanical protection and

7.4.2 Provide a ground path for electrical safety/protection.

7.5 Thermal Design Results:
MECH. CHEMELEX TRACER CAT. NO |  APPROX. TRACER SOURCE
SYSTEM FOOTAGE
NO.
7.1.1 5BTV1 35’ By vendor (0'Brien)
7.1.2 5BTV1 35' By vendor (0'Brien)
7.1.3 5BTV1 110' By vendor (0'Brien)
7.1.4 5BTV1-CR . 30" By ICF/KH
7.1.5 5BTVI-CR 20' By ICF/KH
TOTAL = 230" -

A1l W-320 heat tracing cable is/will be RayChem Chemelex "5BTVL."

Maximum heat tracer length on one branch circuit is a combination of
7.1.3 plus 7.1.4 = 140' total.

independently feed 7.1.1, 7.1.2 and 7.1.5.

7.6 Electrical Circu

7.6.1 Heat tracing feeder is supplied power from the process building mini-power’

panel C106-PP1.

a)From the table in calculation section 7.5, total tracer footage is

it Design

= 230 feet.

From Chart 6 on page 14 of reference 6.3, the maximum heating cable
length for a 120 volt, 20amp circuit and start up temperature of 40

Deg. F. using "5BTV" is

HNF-2488, Rev. 0

185 +

(40-0)

(50-0)

Three other branch circuits

(270-185) = 253 feet

Page A-7
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A 20 amp., single pole circuit breaker is adequate at C106-PPl to
feed all electrical heat tracing at C-106 tank.

b)Provide 2 #12 AWG,THWN and 1 #12 gnd. in 3/4" conduit to feed all
electrical tracers. Voltage drop is not a concern. Distance from
C106 - PP1 to the heat trace terminal box is approximately 15'.
Distance from the heat trace terminal box to the farthest away
"power connection kit" is approximately 25'.

¢)253 feet X 5.6 watts/foot = 1400. watts is the maximum "5BTV" tracer
Toad a 20 amp., single pole circuit breaker can service.

7.6.2 Branch Circuits: The single heat trace feeder will feed four branch
circuits. For segregation, each branch circuit will be fused.

a)From 7.5, the largest (longest) heat trace branch circuit will
involve 140 feet of tracer.

140 feet X 5.6 watts/foot = 784 watts

784 watts at 120 VAC, l-phase = 6.5 amp, indicates the fuse size
should be no less than 7 amps - use a 10 amp fuse!

Use 10 amp. fuses for the other three branch circuits.

b)Provide 2 #12 AWG, THWN and 1 #12 gnd. in 3/4" conduit or flex
conduit for each oflthe branch circuits.

8.0 Conclusions
8.1 A1l W-320 electrical heat tracing is Tocated at the C-106 tank.

8.2 A1l W-320 electrical heat tracing cable is properly sized to provide freeze
protection.

8.3 A1l electrical heat tracing related electrical circuits and protective
devices are properly sized.

8:4 A1l related wire runs and conduits are properly sized.

HNF-2488, Rev. 0
Page A-8
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AN ENGINEERED,
PREINSULATED TUBING
BUNDLE SYSTEM FROM
O'BRIEN CORPORATION

So!ves the probieiis of
Freezmg
Dew point
Component drop-out
.Viscosity
 Personnel protection
Freezmg, dew point, component drop-
out and viscosity control are major

considerations in instrument and small

diameter process lines. A properly
designed and selected pretraced.
tubing bundie offers an effective
solution to these problems.

The economical
choice to field
fabrication

Maintenance free TRACEPAK not
only saves money and time during
the installation process, but it ensures
consistent, repeatable performance.
Field fabrication requires a pipe fitter
to lay out, measure, cut, dress, bend
and install the tubing. Next the tracer
(steam or electric) has to be installed
and insulation put on the tubing.
Finally, a weatherproof covering
needs to be applied over the
insulation. Clearly the economics

of the TRACEPAK system versus
field fabrication are significant.

Provides predictable
and repeatable
performance

O'Brien Corporation, long
recognized as the leader in
providing reliable instrumentation
protection, has simplified installation
while offering predictable operation.
TRACEPAK tube bundles are
prefabricated, pre-engineered and
preinsulated assemblies.

Installation is simplified by the
unique parallel configuration, in
which process and tracer lines are
always paraliel inside the bundle.
The bundle is much easier to bend
during field routing and hookup
because all tubes bend together
and not against one another.

Connections are
easy because tubing
stays round and is
not work hardened
TRACEPAK's configuration

allows the tubing to stay round

and malleable when used in
conjunction with compression

and flare fittings. The instaliation of
process and instrument connections
requires only a simple, one-plane
offset bend to engage tubing and
fittings.

HINF-2488, Rev. 0
Page A-10

Can be installed at
temperatures as low
as -40°F (-40°C)

O'Brien Corporation utilizes the
highest quality materials. The
tough elastomeric jacket contains
no halogens, eliminating the possi-

- bility of chlorides from the

jacket causing stress corrosion in
stainless steel tubing. This jacket
has excellent abrasion and
chemical resistance along with a
wide, usable temperature range.
TRACEPAK can be installed in
temperatures as low as -40°F,

3 Types of traced
lines

There are three common types
of pretraced lines:

M Single preinsulated line, TPS,
primarily for steam supply and
condensate return.

B Steam traced lines, TPL & TPH, -
for freeze protection and
temperature maintenance.

M Electric traced lines, TPE, for
freeze protection and
maintenance of temperature.







Utilize TPS when insulation is

required for personnel protection
or when temperature loss needs
to be minimized, but temperature -

SYSTEMS : maintenance is not necessary.

APPROACH Typical applications are steam

With the advent of TRACEPAK, supply, condensate return, water

O'Brien Corporation has closedthe ~ SADDLEPAK® is the perfect solution  purge lines where flow is sufficient

loop in providing the entire to the problems of mounting to prevent freezing, chemical

instrument installation and protection instrumentation. FLEXPAK® additives, etc.

needs for your piant. VIPAK®, provides a custom, flexible cover for

HEATPAK® and HEATPAKEII are instrumentation. Use TPE, TPL or TPH when the

enclosure systems that provide The following pages will help you process must be maintained within
e - -Protection and steam or electric heat  decide exactly which TRACEPAK a specific temperature range or
.' for the instrument and manifold, product is right for your application. above a specific temperature.

TYPICAL APPLICATIONS

Here are a few applications for the TRACEPAK System.

IMPULSE LINES SAMPLE LINES PROCESS LINES

flow transmitters analyzers steamn supply

pressure transmitters  chromatographs condensate return

level transmitters water purge

pressure switches chemical feed

controllers &ir lines

Use TPE with XTV
tracer and line sensing
thermostat. )

No

Is the process temper-
No ature over 420°F (216°C)

during blowdown
No — Use TPS or start-up?

No is the maintenance Consult factory for high
Is temperature temperature over Yes 1emperature-blowdown
maintenance of freeze 250°F (121°C)? up 10 1000°F (538°C).

is maintenance
temperature
below 150°F
(65°C)?

protection required? Electric Consult factory for
Yes = high temperature
maintenance
up to 660°F (349°C).

Yes 1s the process
or steam lemperature over

tracing used? 185°F (85°C)

Temperature during blowdown No — Use TPE with -
. . Maintenance — Use TPH O:Jsl‘agn.u;; ™ BTV Tracer.
Stea 1s water freeze B
" protection or Yes L= Use TPE with

Yes - s electric

tempesature . XTV Tracer. )
maintenance c N
required?

Freeze L o0 rpy HNF-2488, Rev. 0

Protection
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A premsulated tubing bundle with
hght steam tracing

The process tubes and tracer tubes
are individually wrapped with
insulation to purposely reduce heat
transfer.

TPL can maintain temperatures
between 50°F (10°C) and 200°F
(93°C). It provides a more constant
- tube temperature over a longer
length than heavy traced designs.

It is suited for small diameter
process lines such as those
used for sampling and additives.

TPL is recommended for freeze

protection of instrument impulse
lines as well as the process lines
for analyzers.

Model Number

Product Family

TPL1-Preinsulated Light Steam Traced
Single Process Tube

TPL2-Preinsulated Light Steam Traced
Dual Process Tubes

Process Tube
A2 1/4" x 0.035 wall welded 316ss
A3 3/8" x 0.035 wall welded 316ss

. A4 1/2" x 0.035 wall welded 316ss
F1 1/8" x 0.035 wall seamless 316 ss
F2 1/4" x 0.035 wall seamiess 316ss
F3 3/8" x 0.035 wall seamless 316ss
B4 1/2" x 0.049 wall seamnless 316ss
J2 1/4" x 0.030 wall copper -
€3 3/8" x 0.032 wall copper
D4 1/2" x 0.035 wall copper
G2 1/4* OD x 0.030 wall PFA Teflon®
G3 3/8" OD x 0.030 wall PFA Teflon
H4 /2" OD x 0.062 wall PFA Teflon

MAS, 8,10, 12- 6, 8, 10 or 12mm OD x Tmm

wall welded 316ss

wall seamiess 316ss

"MFS, 8, 10,12 - 6, 8, 10 or 12mm OD x imm

MDS, 8, 10, 12 - 6, 8, 10 or 12mm OD x 1mm

wall copper

MGS, 8,10, 12- 6, 8, 10 or 12mm OD x Tmm

wall PFA

Tracer

A2 /4" x 0.035 wall welded 316ss
A3 3/8" x 0.035 wall welded 316ss
A4 /2" x 0.035 wall welded 316ss
F2 1/4™ x 0.035 wall seamless 316ss
F3 3/8" x 0.035 wall seamless 316ss
B4 1/2" x 0.049 wall seamless 316ss
J2 1/4" x 0.030 wall copper

C3 3/8" x 0.032 wall copper

D4 1/2" x 0.035 wall copper

MAS, 8, 10,12 - 6, 8, 10 or 12rmm OD x 1mm

wall welded 316ss

MFS, 8, 10, 12 - 6, 8, 10, or 12mm OD x 1mm

wall seamless 316ss

MDS, 8, 10, 12 - 6, 8, 10 or 12mm OD x tmm

wall copper

Example:

TPL2-A4-C3

Two 1/2" x 0.035 walt 316 SS welded
process lines with a 3/8" x 0.032 wall
copper tracer.

For specific information regarding each of these
products, consull ingvidual specification sheels.

Dimensions NOMINAL NOMINAL

. DIMENSIONS - IN (CM)

LB/FT (KG/M) A B

TPL1- One 3/8" Process with 3/8" Tracer 0.5 (0.74) 1.6 (4.1} 1.1 (2.8}
TPL1- One 1/2" Process with 3/8" Tracer 0.6 (0.89) 1.9 (4.8) 1.2 (3.0)
TPL1- One 1/2" Process with 1/2" Tracer 0.7 (1.04 1.9 (4.8) 1.2 (3.0)
TPL2- Two 3/8" Process with 3 0.6 (0.89 2.3 (5.8) 1.2 (3.0;
TPL2- Two 1/2" Process with 3/8" T 0.8 (1.19) 2.6 (6.6) 1.3 (3.3
TPL2- Two 1/2" Process with 1/2" Tracer 0.9 {1.34) 2.6 {6.6) 1.3 (3.3)

TPL1

TPL2

TWO 1/2” PROCESS LINES WITH 1/2” TRACER TYPICAL PERFORMANCE

RUN LENGTH -M

RUN LENGTH - M

. 0 30 60 0 120 150 180 210 240 270 300 ., , 0 40 80 120 160 200 240 260 320 360 400
Q. 200 ‘i ‘I ' [ ll V’ ll 1 bl ] 1 90 c‘ 0. 200 1 J. T 1 1 I‘ I| 90
180 1 g0l Wiso ; L 80
. 5 S
B 160 e —————— o2 g8 (766 GeaiH. 0
140 L 60 140 At g0
4 100°F B8 o & K
@ 120 S0 Wiz - 50
Z 100 —ggﬁ Ewoﬁ - gg
B g E F g0 -20°F (-29°C)
2 60 Pof-20°F (-29°0)] fgg 2 80 S — T 2 20
jug T I = woou -60°F (-51°C’ 10
g ;g ——— 50pPsig} 08 S gg ———7 200psig | o
€< L60°F (51°C) (4.4 BAR-10E & °) ! (14. 8 BAR)' -10
0 200 400 600 800 . 1000 0 200 400 600 800 1000 1200 1400

RUN LENGTH - FT
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Teflon is a registered trademark of E, I. DuPont.
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her-proofed, preinsulated
ubing line

TPS is designed specifically for Model Number
liquid and gas transport lines where
heat loss and personnel protection is
important. TPS offers an

Product Family
TPS1-Preinsulated Single Process Tube

inexpensive alternative to field Process Tube
insulation and weatherproofing of A2 1/4° x 0.035 wall welded 316ss
small lines. A3 3/8" x 0.035 wall welded 316ss

A4 1/2" x 0.035 wall welded 316ss
B F2 1/4" x 0.035 wall seamless 316ss
- F3 3/8" x 0.035 wall seamless 316ss
B4 1/2" x 0.049 wall seamless 316ss
J2 1/4" x 0.030 wall copper
€3 3/8" x 0.032 wall copper
D4 1/2" x 0.035 wall copper
MAS, 8,10, 12 - 6, 8, 10 or 12mm OD x imm .
wall welded 316ss E;asr;\_%lg

MFe, 8, 10,12- 6, 8, 10 or 12mm OD x 1mm g preinsulated 3/8" x 0.032 wall copper
wall seamigss 316ss

MDS, 8, 10,12+ 6, 8, 10 or 12mm OD x fmm  PYocess fine-
wall copper
For specilic informetion regarding each of these
products, consult individud! specification sheets.
Dimensions NOMINAL NOMINAL A
WT, DIMENSIONS
LB/FT (KG/M) A~ IN (CM)
TPS1- One 1/4" Process Line 0.2 (0.30) 1.0 (2.5)
TPS1- One 3/8" Process Line - 0.3 (0.45) 1.1(2.8) B
TPS1- One 1/2" Process Line 0.4 (0.60) 1.2 (3.0)
TPS1
3/8” TUBE 1/2” TUBE
Ambient Temperature - °C Ambient Temperature - °C
-50 -40 -30 -20 -10 O 10 20 30 40 -50 -40 -30 -20 -10 O 10 20 30 40
100 TR RS D T MU MU e 100 TR R S S M M .
z 80 = z 80 =
L g0 > 90 >
L 80 70 L . 80 70 .
L 70 80 £ 70 60 £
2 8 5 2 ¥ i 2
=~ 40 = =~ 40 =
2 40 (30 4 2 40 b0 8-
S %0 o S 30 e
= 20 20 < = 2 — A
3 10 10 3 8 10 10 8
T 9 0 T T 5 X 0o T
60 -40 -20 0 20 40. 60 80 100 120 -60 -40 -20 O 20 40 -60 80 100 120
Ambient Temperature -.°F : Ambient Temperature - °F
= 200 psig (14.8 BAR) steam 388°F (198°C)
wm— 125 psig (9.6 BAR) steam 353°F (178°C)
v 50 psig (4.4 BAR) steam 299°F (148°C) HNF-2488. Rev. 0
7 — 4

15 psig (2.0 BAR) steam 250°F (121°C) Page A-14
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Creating

application
equirements.

Continuous Emissions
Monitoring
Pharmaceutical &
Semiconductor
Cogeneration
Process Analyzers
Standard TRACEPAK, pretraced
and preinsulated tubing bundles are
designed to solve your application
problems. For other requirements,
O’Brien will design and manufacture
the appropriate tubing bundie.

For example, some application
requirements are best met by adding
insulation rather than increasing the
wattage or steam pressure.

] HNF-2488, Rev. 0
Page A-15

solutions for unique

Withstand High
Intermittent Process
Temperatures

By using insulation to buffer the
standard self limiting tracer from the
process tube, we can increase the
maximum process exposure
temperature limit and still provide
freeze protection.

Communication
Wires

Communication, monitor and
thermocouple wires may be added
to the bundle as specified by the
customer.

Maintain

High Process
Temperatures

Specialty tracers can be used to
provide temperature maintenance
up to and beyond 660°F (350°C).
Depending on the specific tracer
used, this product can also
withstand process temperatures of
1000°F (538°C).

Meet Tubing
Specifications
TRACEPAK can be manufactured
with tubing that conforms to your
requirements including exotic alloys,
uncommon materials, odd sizes and
coaxial tubing. For high purity
applications, we can also supply
tubing that has been cleaned for
oxygen service and/or electro-
polished.

Sample Transport Bundles
for Continuous Emissions
Monitoring

Bundies with multiple process tubes, calibration
gas supply tubes, tracers, communication wires
and power wiring are designed to be in
compliance with code. The sample transport
bundle is developed to meet the needs of the
application. :
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SEALING THE BUNDLE

Aithough TRACEPAK products use a non-hygroscopic,
non-wicking insulation, all bundle ends must be sealed
to prevent any possible moisture contamination.

TPKES - Heat Shrink Entry Seal

The heat-shrinkable entry seal provides a waterproof fitting where
TRACEPAK enters an enclosure. They can be added to parting line or
surface mounted plates on VIPAK enclosures or any enclosure with up to a
2" (13mm) wall. The thermally stabilized, modified polyolefin entry seal
consists of an O-ring assembly that seals at the enclosure and a heat-
shrinkable nose that seals o the TRACEPAK bundle.

TPKHS - Heat Shrink Boots recommended for all exposed ends.
The heat-shrinkable boots provide This installation will provide the best
a weatherproof end seal for weather seal protection. The silicone
TRACEPAK tubing bundles. They end seal alone may be used to seal
are made of thermally stabilized, the end of the bundle inside of a
modified polyolefin. Using a heat VIPAK enclosure.

shrink end seal boot is

HNF-2488, Rev. 0
9 Page A-16




TPKJP - Jacket Patch

The jacket patch kits are used to
seal a splice in a bundle or to extend
the insulation and weatherproof

- jacket should the bundle be cut back
too far during installation. They are

" used as a repair patch for any

idental field damage to bundles.

The jacket patch kit is required with -

" the optional line temperature sens-
ing thermostat. Each kit contains
thermal insulation, fiberglass tape
and a self-sealing patch.

- . THERMOSTATS

- When 'used with electrically traced
tubing bundles, optional thermostats
are used to control the temperature
of the process tube or to turn on the
heater at a specified ambient
temperature.

HINF-2488, Rev. 0
Page A-17

TPKSK - Silicone Sealant

This option is used to seal both ends
of the tubing bundle from moisture.
ltis a black silicone RTV sealant.
Cure time is approximately 24 hours
at 77°F (25°C). Service temperature
ranges from -50°F (-45°C) to 400°F
(205°C). TPKSK offers excellent
resistance to weather, oil and many
chemicals.

Line Sensing

Line sensing thermostats directly
control the temperature of the
process tubes. They have an
adjustable set point of 75°F (24°C)
to 200°F (94°C). The capillary and
bulb are stainless steel. The SPDT
switch is rated for 15A at
120/240VAC. It is CSA certified and
UL listed for Class |, Division 1 and
2, Groups B, C and D.

Ambient Sensing

This ambient sensing thermostat .
has an adjustable set point from O°F
(-18°C) 1o 100°F (38°C). The SPDT
switch is rated for 15A at
120/240VAC. It is CSA certified and
UL listed for Class [, Division 1 and
2, Groups B, C and D.

Note:
Models shown are typical of thermostats supplied. Unils
received may differ.




connect the electric tracer to the
*'power source and terminate the

non-powered ends in an approved
 manner.

LPD2

Combination Power
Connection Kit

This power connection kit is used
with E and LE series electric
heaters. It incorporates FM
approved and CSA certified
components o provide a power
connection assembly for the TPE
tracer and the enclosure heater.
When used with a VIPAK enclosure,
the LPD2 provides the convenience
of an external junction box with a
3/4" NPT connection.

PMKG-LE and PMKG-LE-CSA
End Fitting

These end fiitings are FM approved
or CSA certified for XTV and BTV
self-regulating tracer.- They are
NEMA 4X fittings and are used to
terminate the non-powered end of
the tracer. With a CENELEC
accepled electric tracer the end
fitting must be approved by the
country of use.

T .
PMKG-LP and PMKG-PC-CSA
Power Connection Fittings
These fittings are used to power the
tracer when the bundle is used by
itself. They are also used when the
bundle is powered from the end
opposite the enclosure. They are
FM approved or CSA certified for
XTV or BTV seli-regulating tracer.
With a CENELEC accepted electric
tracer the power fitting must be
approved by the country of use.

HNF-2488, Rev. 0
Page A-18
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Kt

_ {inedat
- TPC1 and PMKG-Y The PMKG-Y kit is ordered as part instrument enclosure. If an outs ?roca
. Combination Power of a Div. 2, LE series heater. ltis junction box is not required, the: ' e
Connection Kits Fiv approved for Division 2 provide the most economical an 1D
The TPC1 kit may be ordered alone  applications. practical method of supplying pc
or as part of a Div. 1, E or LE series to the TRACEPAK tracer. Pk
heater. Itis CSA centified for These Kits are used with E and LE
Division 1 applications. series heaters to power the tracer

from the heater junction box in the

HNF-2488, Rev. 0
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A preinsulated tubing bundle with
self regulating electric tracing

TPE is designed to maintain freeze
protection, close temperature
tolerances or viscosity control.
It provides an excellent means of
maintaining very long, continuous
lengths of impulse lines and piping
at consistent temperatures end-to-
end. TPE should be chosen when
steam is not available or when the
steam supply could be interrupted
- such as during shutdowns.

Use TPE if the allowable
temperature ranges from 50°F
(10°C) to 250°F (121°C). Because

it is self regulating, this system will
lower its heat output as the materialg
gets warmer. When close
temperature control is necessary,
TPE can be utilized with an optional
line sensing thermostat.

HNF-2488, Rev. 0
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TPE offers a choice of two standard
tracers. A high temperature tracer
(XTV) is capable of maintaining
temperatures of up to 250°F (121°C)
and withstanding blowdown
temperatures of 420°F (215°C). A
low temperature tracer (BTV) will
maintain temperatures up to 150°F
(65°C) and withstand process
temperatures of up to 185°F (85°C).

Other designs are available to
maintain temperatures up to 660°F
(350°C) and withstand 1000°F
(538°C) blowdown conditions.
Consult factory for specific design.

Electric tracer
Standard TPE-Self Regulating
products utilizéCl é;
racers:" They are
CSA certified for use in hazardous
areas when used with the
recommended power connection
kits.

CENELEC accepted approvals for
Zone 1 and 2 heaters with T3
temperature fimits are available.

The high temperature, Self Regulating
XTV Tracer:

1. Withstands 420°F (215°C)
intermittent blowdown
temperatures.

2. Can maintain temperatures
up to 250°F {(121°C).

The low temperature Self Regulating
BTV Tracer:

1. Withstands up to 185°F
(85°C) blowdown
temperatures.

2. Can maintain temperatures
up to 150°F (65°C).

The choice between XTV and BTV
must be made based on the desired
performance and the conditions of
the application. XTV and BTV are
backed by a 10 year performance
guarantee.

Dimensions NOMINAL NOMINAL
WT. DIMENSIONS - IN (CM)
LB/FT (KGM) A B
TPE1- One 1/4" Process Tubes 03 (0.45; 1.1 (2.8; 1.0 (2.5)
TPE1- One 3/8" Process Tubes 0.4 (0.60, 1.3 (3.3] 1.0 (2.5)
TPE1- One 1/2" Process Tubes 0.5 (0.74 1.4 (3.6 1.1 (2.8)
TPE2- Two 1/4" Process Tubes 0.4 (0.60, 1.3 (3.3 1.1 (2.8
TPE2- Two 3/8" Process Tubes 0.6 (0.89 1.5 (3.8 1.2 (3.0
TPE2- Two 1/2" Process Tubes 0.8 (1.19) 1.7 (4.3) 1.4 (3.6, TPE1 TPE2
TPE1 - ONE 1/2" PROCESS TPE2 - TWO 1/2° PROCESS
LINE WITH XTV TRACER LINES WITH XTV TRACER
Ambient Temperature - °C Ambient Temperature - °C
-50 -40 -3[0 -2'0 -1'0 (') 1|O 2'0 3'0 4'0 5[0 -50 -40 .30 -20 10 O 10 20 30 40 50
260 260 1 L] L 1] L] 1 1 L ]
120
240 o 20 }-120
o220 L. 100 % ° 220 100
©200 p— ® ©200 ®
5
£180 ] L 80 -g gwo o 80 g
g 160 2 2160 g
£ 140 60 £ E 140 80 £ -
= = (3 2 -
2120 03 5120 ® 3
™~ -1
21 > ol g = 2 '
g 20 8 g & — Lo 8
60 8 g 60
g g g ~ 3
& 40 g Lo & & 40 Lo &
20 20
[} - 0
60 40 -20 © 20 40 60 80 100 120 60 -40 20 0 20 40 60 80 100 120
5 Ambient Temperature - °F W 10 watt/ft Tracer Ambient Temperature - °F

Ch

BR 5 watt/ft Tracer

isa

gi of Raychem C:
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Model Number

Product Family
— TPE1-Preinsulated Electrically Traced
Single Process Tube
TPE2-Preinsulated Electricaily Traced,
Dual Process Tubes
Process Tube
A2 1/4" x 0.035 wall welded 316ss
A3 3/8" x 0.035 wall welded 316ss
.~ A4 1/2" x 0.035 wall welded 316ss-
F11/8" x 0.035 wall seamless 316ss
F21/4" x 0.035 wall seamless 316ss
. F33/8" x 0.035 wall seamless 316ss
— B4 1/2" x 0.048 wall seamless 316ss
J2 1/4° x 0.030 wali copper
€3 3/8" x 0.082 wali copper
D4 1/2" x 0.035 wall copper
G2 1/4" OD x 0.030 wall PFA Teflon
G3 3/8" OD x 0.030 wall PFA Teflon
G2 1/4" OD x 0.030 wall PFA Teflon®
G3 3/8" OD x 0.030 wall PFA Tetion
H4 1/2" OD x 0.062 wall PFA Teflon
MAS, 8, 10, 12 - 6, 8, 10 or 12mm OD x 1mm
wall welded 316ss
MFS, 8,10,12- 8, 8, 10 or 12mm OD x 1mm
wall seamless 316ss
MDS§, 8, 10, 12 - 6, 8, 10 or 12mm OD x 1mm
wall copper
MGS, 8, 10, 12 - 8, 8, 10 or 12mm OD x 1mm
wall PFA

B5 - 5 watt per foot self-requlating heater
@50°F (10°C), 120 vac

B10 -10 watt per foot self-reguiating heater
@50°F (10°C), 120 vac

N5 - 5 watt per foot self-regulating heater
@50°F (10°C), 240 vac

N10 -10 watt per foot self-regulating heater
@50°F (10°C), 240 vac

MN4, 12 - 4 or 12 watt per foot @ 10°C,
220 vac

BTV
—J5 - 5 watl per foot self-regulating heater
@50°F (10°C), 120 vac
8 watt per foot self-regulating heater
@50°F (10°C), 120 vac
5 watt per foot self-regulating heater
@50°F (10°C), 240 vac
8 watt per foot self-regulating heater
@50°F (10°C), 240 vac
MPS, 8 - 5 or 8 watt per foot @ 10°C, 220vac

J8-
P5-

P8-

All tracers have a tinned copper shield

and fluoropolymer outer jacket.

FM approved for Class |, i, Il Div, 2
Gr.B,C,D,F,G.

C8A Certified for Class |, Il Div. 1, 2
Gr.A,B,C,D,EFG.

CSA Certified for Class Il Div. 2

MN and MP designated tracers are approved
by CENELEC accepted agencies.

; Prg_,‘ v
- Tub
Slecty
Wl o
RAYYIS
5T

Typical Performanc rfi%o"

Each graph shows typical ) ,f_1
performance splitting summer/winter
ambients. Each line is separated at
60°F (16°C) to designate the
seasonal differences.

Winter ambients, below 60°F
(16°C), assume a 25 mph (40 Km/H)
wind and summer ambients, above
60°F (16°C), assume a 10 mph (16
Km/H) wind. For freeze protection,
use 50°F (10°C) as the minimum
allowable process tube temperature.
This will provide a sufficient factor of
safety.

Example:

TPE2-A4-BS

Two 1/2" x 0.035 wall 316 SS welded process
lines with a 5 watt/foot tracer.

For specific information regarding each of these
products, consult individual specification sheets.

TPE1T - ONE 1/2" PROCESS

LINE WITH BTV TRACER

Ambient Temperature - °C

TPE2 - TWO 1/2" PROCESS
LINES WITH BTV TRACER

Ambient Temperature - °C

-80 -40 -30 -20 10 O 10 20 30 40 50 -50 -40 -30 -20 -10 O 10 2'0 3|0 4|0 50
[ W : v [ N M }
260 1120 260 L. 120
240 240
220 L1008 ¥ 220 L100
2200 © © 200 ®
2 =2
180 80 £ g180 80
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- 140 -
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=~ 40 2 3 100 ke 40 2
(g = t (g
L H 2 80 2o &
20 2 8 80 ’f @
s g, 3
Lo & & 40 Fo o
20 T
0 0
60 -40 -20, O 20 40 60 80 100 120 60 .40 20 O 40 60 80 100 120
Ambient Temperatute - *F 8 watt/ft Tracer - Ambient Temperature - °F 6

S 5 watvft Tracer




A preinsulated tubing bundle with

‘ . heavy steam tracmg
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MFs8, 8,10, 12- 6, 8, 10 or 12mm OD x 1mm
wall seamless 316ss
MDS, 8, 10, 12 - 8, 8, 10 or 12mm OD x 1mm

wall copper
MGS, 8,10,12- 6, 8, 10 or 12mm OD x Tmm
TPH is recommended for use on wall PFA
impulse lines for instrumentation, Tracer

process lines for analyzers,
sampling, additives and other small
process lines where higher
temperature maintenance is
necessary. ltis especially important
for viscosity control.

Heavy tracing keeps the process

" tubing in direct contact with the
tracer and maintains higher process
temperatures.

Model Number

Product Family

TPH1-Preinsulated Heavy Steam Traced
Single Process Tube .

TPH2-Preinsulated Heavy Steam Traced
Dual Process Tubes

Process Tube

A2 1/4" x 0.035 wall welded 316ss
A3 3/8" x 0.035 wall welded 316ss
A4 1/2" x 0.035 wall welded 316ss
F11/8" x 0.035 wall seamless 316 ss
F2 1/4" x 0.035 wall seamless 316ss
F3 3/8" x 0.035 wall seamless 316ss

A2 1/4" x 0.035 wall welded 316ss

A3 3/8" x 0.035 wall welded 316ss

A4 1/2" X 0.035 wall welded 316ss

F2 1/4" x 0.035 wall seamles$'316ss | .

F3 3/8" x 0.035 wall seamless 316ss

B4 1/2" x 0.049 wall seamless 316ss

J2 1/4" x 0.030 wall copper

C3 3/8" x 0.032 wall copper

D4 1/2" x 0.035 wall copper

MAS, 8,10,12- 6, 8, 10 or 12mm OD x 1mm
wall welded 316ss

MFS, 8,10, 12- 6, 8, 10 or 12mm OD x 1mm
wall seamless 316ss

MDS, 8, 10,12 - 6, 8, 10 or 12mm OD x 1mm

B4 1/2" x 0.049 wall seamless 316ss wall copper
J2 1/4" x 0.030 wall copper

. Example:
C3 3/8" x 0.032 wall copper TPH2-A4-C3

D4 1/2" x 0.035 wall copper

G2 1/4" OD x 0.030 wall PFA Teflon

G3 3/8" OD x 0.030 wall PFA Teflon

H4 1/2" OD x 0.062 wall PFA Teflon

MAS, 8, 10,12 - 6, 8, 10 or 12mm OD x 1mm
wall welded 316ss

Two 1/2" x 0.035 wall 316 SS welded
process lines with a 3/8" x 0.032 wall
copper tracer.

For speciic information regarding each of these
D/oducls consul individua! soecification sheets.

Dimensions NOMINAL NOMINAL

WT. DIMENSIONS - IN (CM)

LB/FT (KG/M) A B

TPH1- One 3/8" Process with 3/8” Tracer 0.5 (0.74) 1.5 (3.8) 1.2 (3.0)
TPH1- One 1/2" Process with 3/8" Tracer 0.6 (0.89) 1.6 {4.1) 1.2 (3.0)
TPH1- One 1/2" Process with 1/2" Tracer 0.7 (1.04) 1.7 (4.3) 1.2 (3.0)
TPH2- Two 3/8" Process with 3/8” Tracer 0.6 (0.89) 2.0 (5.1) 1.2 (3.0)
TPH2- Two 1/2"* Process with 3/8" Tracer 0.7 (1.04) 2.1 (5.4) 1.2 (3.0) TPH1 TPH2
TPH2- Two 1/2" Process with 1/2" Tracer 0.8 (1.19} 2.2 (5.6) 1.2 (3.0)

TWO 1/2" PROCESS LINES WITH ONE 3/8" TRACER TYPICAL PERFORMANCE

RUN LENGTH - M

NGTH - M
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INSTALLATION TOOLS
TRACEPAK is designed to be installed
using standard bending tools. We have
designed two special tools that make
installation of TRACEPAK tube bundies
easier and more compact.

_Bundle Bending Tool

" Similar to a common electrical conduit
bender, this tool is compact and easy to
use. It eliminates the need for larger and
heavier benders that have the required 8"
minimum bending radius.

27," Centerline Tool B

A replacement for the standard tube bender, it brings the process
tubes to the correct centerline for connecting to typical transmitters.
This tool makes back-to-back bends easier accomplishing the bends
in a much shorter distance than possible with a standard tube bender.

Installation Video

Informative, current information on the installation of
TRACEPAK tubing bundles. The video deals with general
installation procedures and gives a good overview of the
products and accessories available 1o complement and
complete the total 'PAK'age.
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MATERIAL‘SPECIFICATIONS : -

fbﬁowmg speci catwns apply to all members of the TRACEPAK family.

TUBING TEMPERATURE LIMITS
ethane Elastomer CONSTRUCTION Minimum instaliation temperature
R . AND -40°F (-40°C)
OD  WALL MATERIAL ASTM
1/4*  0.035 “welded 316ss  A-269 Maximum jacket surface temperature
Halogen Free. 3/8". 0.035 welded316ss  A-269 140°F (60°C) at ambient temperature of 80°F
o 1/2*  0.035 welded 316ss A-269 (27°C) with maximum process or tracer tube
Abrasion Resistance 1/4* 0035 seamless316ss A-269 temperature.
N - 3/8" 0.035 seamless 316ss A-269
UV Resistant 12 0.049 seamless 316ss A-269 Maximurm process tube temperature
L ) 1/4"  0.030 copper B-68,B-75  TPH,TPLand TPS
Low Temperature Flexibility 3/8"  0.032 copper B-68, B-75 400°F (204°C)*
i/2*  0.035 copper B-68,B-75  TPE
1/4* " 0.030 1/4" OD PFA Continuous exposure power on,
INSULATION 38" 0.030 3/8" OD PFA XTV 250°F (121°C)°  ~
. 1/2*  0.062 1/2"ODPFA BTV 150°F (65°C)"
Fibrous Glass emm imm welded 316ss  A-269 .
8mm ~ 1mm welded 316ss A-269 Intermittent exposure power on or off.
Water Soluble Chlorides less than 100 ppm. 10mm imm welded 316ss  A-269 XTV 420°F (215°C)*
L 12mm’ 1mm welded 316ss  A-269 BTV 185°F (85°C)"
Non-hygroscopic 6mm 1mm seamless 316ss A-269
8mm 1mm seamless 316ss A-269 Maximum TPE tracer temperature
10mm 1mm seamless 316ss A-269 " XTV T-rating T2C, 446°F (280°C)
12mm 1mm seamless 316ss A-269 BTV T-rating T6, 185°F (85°C)
L 6mm imm copper B-68, B-75
X . 8mm 1mm copper B-68, B-75 - *Consult Factory for Higher Temperature Limits,
‘ 10mm 1mm  copper B-68, B-75
12mm imm copper B-68, B-75

emm 1imm 1/4" OD PFA
8mm 1mm 3/8" OD PFA
10mm imm 1/2" OD PFA
12mm imm  1/2* OD PFA

Tubing meeting NACE MR-01-75-80 and
ASTM A-213-EAW specifications are also
stocked. Consult factory for the availability of
these as well as other materials and
specifications.
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- Customer Service

: _’Customer service takes on a whole
- new meaning at O'Brien ...
orporation. Olir reputatlon asa
customer-oriented problem solver
has been long recognized.

O'Brien’s customer-oriented
approach offers these benefits:
« responsive, knowledgeable
. personnel
. ‘unparalleled delxvery service
. dependable tested results of all
U product lines  ~
* in-house stock of hard -to-find
B matenals

O Bnen Corporatnon now P
SADDLEPAK HEATPAK

IS 09000_& gANZ299_-

CAN Z299 standards. Our *
adherence to recognized
international quality standards
provides one of the strongest

assurances of product and servnce

quality available.

Total olutton .
rument to Process Line:
rk _ogether we can’.
lop installation details. Qur
total engineering package will
*réduce field installation costs and
" provide a dependable solution for
" your needs.
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How to Select and Design
the Heat-Tracing System:

This guide outlines a simple procedure for designing and selecting a complete
‘ heat-tracing system using Auto-Trace BTV, QTVR, or XTV heating cables.

By following the design steps In the seven sections, a bill of materials can be
easily produced which includes the heating cable type, length, components, and
accessories needed to install the Auto-Trace heat-tracing system correctly. Use
the Design Worksheet and Bill of Materials Summary at the end of this guide to
record the design and bill of materials.

1.0 Thermal Design
Heat Loss Calculations 1

2.0 Heating Cable Selection

Catalog Number Selection 4

Plastic Pipe Applications 9
3.0 Electrical Design

Circuit Breaker Selection 12

Alternate Voltage Adjustment Factors . 15

4.0 Component Selection and Accessories

Components . 16

Accessories 18

5.0 Approvals 21

‘ 6.0 Design Worksheet 22
7.0 Bill of Materials Summary » 25

Computer-aided Design Speeds Selection

To speed the design and selection of a Chemelex Auto-Trace heat-tracing system,
the Chemelex TraceCalc® computer program is also available. TraceCalc runs on
IBM-PC or compatible computers and calculates heat loss, circuit loading, breaker
sizing, and other required design information. The program produces a complete
bill of materials, design summary, and line list in minutes.

For a TraceCalc demonstration, contact the nearest Chemelex representative or
Raychem field sales office (see back cover).

" HNF-2488, Rev. 0
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Note: Heat loss calculations are based on
IEEE Std. 515-1989, Equation 1, page 19.

Note: Heat losses for valves and pipe sup-
ports are addressed in Section 3.0, Step 1.

1.0 Thermal Design

To calculate the heat loss that must be replaced by the heating cable, determine:

Ty Maintenance temperature (°F)

Ta: Minimum expected ambient temperature (°F)
Tg: Maximum intermittent exposure temperature (°F)
Pipe or tubing size

.

.

* Thermal insulation type and thickness — Tp

Example: . |
Tp: 40°F (water freeze protection) Thermal insutation
Tp: -40°F ™

TE: 366°F (150 psig steam cleaning) )

Pipe size: 6” steel Pipe or tubing

Insulation: 2 1/2” calcium silicate

Step 1. Calculate temperature differential.

AT =Ty -Ta
Calculate AT =Tp-Ta
= 40°F -(-40°F)
AT =80°F

Step 2. Determine pipe heat loss.

From Chart 1, match the pipe size and insulation thickness with the temperature
differential AT to find the base heat loss of the pipe (Qg).

From Chart 1, for 6” pipe, with 2 1/2” insulation and AT = 80°F, Qg must be calcu-
lated through interpolation. For this example 80 is 30/50 of the way between 50°
and 100°:

Qg = 3.6 W/t + 30/50 X (7.4 - 3.6)
=36+23
Qp = 5.9 Wit @ Ty = 40°F

Step 3. Compensate for insulation type.

Multiply the base heat loss of the pipe (Qg) from Step 2 by the insulation compen-
sation factor (f) from the bottom of Chart 1 to get the actual heat loss per foot of
pipe (Qr).

Qr=Qgxf

From Chart 1, f = 1.50 for calcium silicate:

Qr=Qgxf

=5.9 W/it x 1.50
Qr = 8.9 W/t @ 40°F

HNF-2488, Rev. 0
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Chart 1 Pipe Heat Loss (watts per foot)

Pipe Diameter (IPS}) in inches

1/4 112 3/4 1 11/4 1172 2 2172

Insutation AT Tubing Size (inches)

Thickness {°F) - 3/4 1 11/4

0.5% 50 1.9, 2.5 29 3.5 4.1 4.6 5.5 8.5
100 3.9 52 6.1 7.2 8.6 9.6 11.5 13.5
150 6.1 8.1 95 - 1.2 13.4 14.9 17.9 211
200 8.5 11.3 13.2 15.6 18.6 20.7 24.9 29.2

1.0" 50 1.3 1.6 1.8 2.2 25 2.8 3.2 3.8
100 2.7 3.4 3.8 4.5 5.2 5.8 6.8 7.8
150 4.2 5.3 6.1 7.0 8.2 9.0 10.6 12.2
200 5.8 7.4 8.4 9.7 11.3 12.4 14.6 16.8
250 7.6 9.7 11.0 12.7 14.8 16.3 19.1 221

1.8" 50 1.1 1.3 1.5 1.7 1.9 21 24 2.8
100 2.2 2.8 3.1 35 4.0 4.4 5.1 5.8
150 3.5 4.3 4.8 5.5 6.3 6.9 8.0 9.1
200 4.8 5.8 6.7 7.6 8.7 8.5 11.0 12.6
250 63 - 7.8 8.7 9.9 1.4 12.4 14.4 16.5
300 7.8 9.7 1.0 12.4 14.3 16.6 18.1 20.6
350 9.6 11.9 13.3 16.1 17.4 19.0 22.0 25.1

20" 50 0.9 1.1 1.3 1.4 1.6 1.8 2.0 2.3
100 2.0 2.4 2.7 30 - 3.4 37 4.2 4.8
150 34 3.7 4.2 4.7 5.3 5.8 6.6 7.5
200 4.3 5.2 5.8 6.5 74 8.0 9.2 10.4
250 5.6 6.8 7.5 8.5 9.6 10.4 12.0 13.5
300 7.0 8.5 9.4 10.6 2.1 13.1 15.0 17.0
350 8.5 10.3 11.56 12.9 14.7 15.9 18.2 20.6

2.5" 50 0.9 1.0 1.2 1.3 1.4 1.6 1.8 2.0
100 1.8 2.2 2.4 27 3.0 3.3 3.7 4.2
150 2.8 3.4 3.7 4.2 4.7 5.1 5.8 6.5
200 3.9 4.7 5.2 5.8 6.5 7.0 8.0 8.0
250 - 5.1 6.1 6.8 76 8.5 9.2 10.5 11.7
300 6.4 7.7 8.5 9.5 10.7 11.5 13.1 14.7
350 7.8 9.3 10.3 11.5 13.0 14.0 15.9 17.9

3.0" 50 0.8 1.0 1.1 1.2 1.3 1.4 1.6 1.8
100 1.7 2.0 2.2 2.4 2.7 2.9 3.3 3.7
150 2.6 3.1 3.4 3.8 4.3 4.6 5.2 5.8
200 3.6 4.3 4.8 5.3 5.9 6.4 7.2 8.0
250 4.8 5.7 6.2 6.9 7.8 8.3 9.4 10.5
300 6.0 74 7.8 8.7 9.7 10.4 11.8 13.2
350 7.3 8.6 9.5 10.5 11.8 12.7 14.3 16.0

4.0 50 0.7 0.9 0.9 1.0 1.1 1.2 1.4 1.5
100 1.5 1.8 - 2.0 2.1 2.4 2.5 29 3.2
150 2.4 2.8 3.0 3.4 3.7 4.0 4.4 4.9
200 3.3 3.9 4.2 4.6 5.2 5.5 6.2 6.8
250 4.3 541 55 6.1 6.7 7.2 8.1 8.9
300 5.4 6.3 6.9 7.6 8.5 8.0 10.1 11.2
350 6.6 7.7 8.4 9.3 10.3 11.0 12.3 13.6

Insulation Factors

Preformed Insulation Factor K factor @ 50°F

Pipe Insulation ) ) (BTU/hr-°F-f*/ in)

Glass Fiber (ASTM C547) 1.00 .25

Calcium Silicate (ASTM C533) 1.50 378

Cellular Glass (ASTM C552) 1.60 X .40

Rigid Cellular Urethane (ASTM C581) 0.66 165

Foamed Elastomer (ASTM C534) 1.16 29

Mineral Fiber Blanket (ASTM C553) 1.20 .30

Expanded Perlite (ASTM C610) 1.50 375 HNF-2488’ Rev. 0
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3 31/2 4 6 8 10 12 14 16 18 20 24
7.7 8.6 9.6 13.6 17.4 214 25.2, 275 31.3 35.0 38.8 46.2
16.0 18.0 20.0 284 36.3 44.6 52.5 57.4 65.2 73.0 80.8 96.3
25.0 28.1 31.2 44.3 56.6 69.6 81.9 89.5 101.7 113.8 126.0 150.2
34.6 39.0 43.3 61.5 78.6 96.6 113.6 124.2 141.1 158.0 174.8 208.5
4.4 4.9 5.4 7.5 9.4 11.5 13.5 14.7 16.6 18.6 20.5 24.4
9.1 10.2 11.2 15.6 19.7 24.0 281 30.6 34.7 38.7 42.8 50.9
14.2 15.9 17.5 24.3 30.7 37.4 43.8 47.8 54.1 0.4 66.7 79.4
19.7 22.0 242 33.7 42.5 51.9 60.7 66.2 75.0 83.8 92.5 110.0
25.8 28.7 31.7 44.0 55.6 67.9 79.4 86.6 98.1 109.6 121.0 143.9
3.2 3.6 3.9 53 6.7 8.1 9.4 10.2 1.5 12.9 14.2 16.8
6.7 7.4 8.1 11.1 139 16.8 19.6 21.3 24.0 26.8 29:5 35.0
10.5 11.6 12.7 17.3 216 26.2 30.5 33.2 375 41.8 46.1 54.6
14.5 16.1 17.6 24.0 30.0 36.3 42.3 46.0 52.0 57.9 63.8 75.7
19.0 21.0 23.0 314 39.2 47.5 55.3 60.2 68.0 75.7 83.5 99.0
23.8 263 28.8 39.3 49.2 59.6 69.3 75.4 85.1 94.9 104.6 124.0
28.9 32.0 35.0 47.8 59.8 72.4 84.3 91.7 103.5 115.4 127.2 150.8
26 2.8 3.1 4.2 5.2 6.3 73 7.9 8.8 99 10.8 129
55 6.0 6.6 8.8 10.9 1341 152 16.5 18.6 20.7 22.8 26.9
8.5 94 10.2 13.8 17.0 20.5 23.8 25.8 29.0 323 35.5 42.0
11.8 13.0 14.2 19.1 23.6 28.4 32.9 35.7 40.2 44.7 49.2 58.2
155 17.0 18.5 24.9 309 37.2 43.1 46.7 52.6 58.5 64.3 76.1
ig.4 21.3 232 31.2 38.7 46.6 54.0 58.6 65.9 73.3 80.6 95.3
23.6 25.9 28.3 38.0 471 56.6 65.6 71.2 80.2 89.1 98.1 115.9
23 25 27 3.6 4.4 5.2 6.1 6.6 7.4 8.2 9.0 10.6
4.7 5.2 56 7.4 9.1 10.9 12.6 18.7 15.3 17.0 18.7 22.0
‘74 8.1 8.7 11.6 14.2 17.0 18.7 21.3 23.9 265 29.1 34.3
10.2 1.2 1241 16.1 19.7 23.6 27.2 29.5 33.1 36.7 40.3 47.5
13.3 14.6 15.8 21.0 25.8 30.9 35.6 38.6 43.3 48.0 52.8 62.2
16.7 18.3 19.8 263 32.3 387 44.6 48.4 54.3 60.2 66.1 77.9
20.3 222 24.1 32.0 39.3 47.1 54.3 58.8 £6.0 73.2 80.4 94.7
2.0 22 2.4 3.1 3.8 4.5 52 5.6 6.3 7.0 7.6 9.0
4.2 4.6 4.9 8.5 7.9 9.4 10.8 1.7 13.1 14.5 15.9 18.7
6.6 74 7.7 10.1 124 14.7 16.9 18.3 20.5 22.6 24.8 29.2
9.1 9.9 10.7 14.0 17.1 20.4 234 253 28.3 31.4 344 40.4
1.9 12.9 14.0 18.3 22.4 266 30.6 33.1 37.1 41.0 45.0 52.8
149 16.2 17.5 23.0 28.1 33.4 38.4 415 46.5 514 56.3 66.2
18.1 19.7 213 28.0 34.1 40.6 46.7 50.5 56.5 62.5 68.5 80.5
1.7 1.8 2.0 25 3.1 3.6 4.1 4.4 5.0 55 6.0 7.0
3.5 3.8 4.1 53 6.4 75 8.6 9.3 10.3 1.4 124 14.5
55 6.0 6.4 8.3 10.0 1.8 134 145 16.1 17.8 194 22.7
7.6 8.3 8.9 1.4 13.8 16.3 18.6 20.0 22.3 24.6 26.9 314
10.0 10.8 11.6 15.0 18.1 21.3 24.3 26.2 29.2 32.2 35.2 41.1
12.5 13.5 14.6 18.8 226 26.7 305 32.8 36.6 40.3 441 51.5
156.2 16.5 17.7 22.8 27.5 324 37.1 38.9 44.5 49.0 53.6 62.6

Pipe heat loss (Q,) is shown in watts per
foot. Heat loss calculations are based on
IEEE Std. 515-1989, Equation 1, Page 19,

with the following provisions:

pipes insufated with

glass fiber in accordance

with ASTM C547

pipes located outdoors

in a 20 mph wind

no i

ing air-space
between pipe and insulation

no insulating air-space assumed
between the insulation and outer

cladding

a 10% safety factor has been
included

HNF-2488, Rev. 0
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Note: The heating cable selection section
is for BTV, QTVR, and XTV heating cables

2.0 Heating CGable Selection

To select the heating cable catalog number,  You need to find
determine: Catalog Number: §H IS N -2N

.

Ta: Maintenance temperature (°F) s;ep 2 | '
TE: Maximum intermittent exposure Thermal Qutput

temperature (°F) Rating
* Q: Actual heat loss per foot of pipe at Ty Step’1
* Service voltage Heating Cable Family
» Electrical area classification
* Chemical environment Step 3

Voltage Rating
Example (continued from page1):
Ty = 40°F (water freeze protection) Step 4
TE = 366°F (150 psig steam cleaning) Heating Cable Construction
Qr = 8.9 W/it @ 40°F
Service voltage: 120 volts
Electrical area classification: Hazardous
(classified), CID2
Chemical environment: Corrosive

Step 1. Select the heating cable family.

Considering the maximum intermittent exposure temperature (Tg) and the mainte-
nance temperature (T)), select the appropriate Auto-Trace heating cable family.

BTV QTVR X1V

Maximum maintenance (T) or continuous exposure-power on

in, base, -CR and -CT versions for Ordinary o o of 4 ok, o
and Division 2 hazardous areas only. For 150°F (65°C) 225°F (110°C) 250°F*(121°C)
other products or applications consult the Maximum continuous exposure-power off '
factory or the Chemele ) i
150°F {65°C) 225°F (110°C) 370°F (187°C)
Maximum intermittent exposure (TEg) up to 1000 cumulative hours -power on
185°F (85°C) 225°F (110°C) 420°F (215°C)
T-rating (Table 500-3 (b) of National Electrical Gode, 1990)
T6,185°F (65°C) T4, 275°F (135°C)  T2C, 446°F (230°C)
[ T3 (392°F, 200°C)
product available on
request ]
*If during normal op jon the pipe is to exceed 250°F (121°C),
ic control is required. To esti pipe P use Ch: TraceCalc or call the
Chemelex representative.
Heating cable family selection: For intermittent exposure to 366°F (185°C), select
XTV.
Heating cable family: XTV
Catalog number: BE XTV B- &t
HNF-2488, Rev. 0
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Note: If plastic pipe is used, see Chart 4
for BTV thermal output adjustment factors.
Auto-Trace QTVR and XTV are not recom-
mended for plastic pipe applications as
they may exceed the temperature rating of
the pipe material.

Note: If the service voltage is 208 or 277
volts, multiply the thermal oulput rating of
the 240 volt heating cable by the appropri-
ate power output factor in Chart 7.

This will give the adjusted power output at
the service voltage.

Step 2. Select the thermal output rating. -
From Chart 3a or 3b, match the actual heat loss per foot of pipe (Qy) with the
maintenance temperature (Tpy), and select the thermal output ratings for which
the rating at Ty equals or exceeds Q.

From Chart 3b, 10XTV exceeds 8.9 W/t at 40°F. Select 10XTV.

Thermal output rating: 10
Catalog number: 10XTVE - Bl

ar=89 10XTV

Tp = 40°F

If the heat loss Qr is in between the two heating cable thermal output curves,
select the higher rated heating cable. If the heat loss QT is greater than the ther-
mal outpust of the highest rated heating cable you can:

a) use thicker insulation

b) use insulation material with a lower K factor
¢) use two or more heating cables run in paralle}
d) spiral the heating cable

Spiraling: If spiraling is elected, determine the spiral factor according to the fol-
lowing formula:

Qr
Heater thermal output at Ty

Spiral factor {length of heating cable/foot of pipe) =

When the spiral factor exceeds 1.6 or the pipe size is less than 3 IPS, consider
using two or more heating cables run in parallel.

Step 3. Select the voltage rating.

Service voltage options:
1 =120 volts (100-130 Vac)
2 =240 volts {200-277 Vac)

Available service voltage: 120 volts.
Select 120-volt version of 10XTV.

Voltage rating: 1
Catalog number: 10XTV1-BR

HNF-2488, Rev. 0
Page A-33




Note: This example is continued on page
12 for metal pipes. For plastic pipes, use
the example on page 10. .

Step 4 Select the heating cable options.

Select the appropriate heating cable options from Chart 2 considering the electri-
cal area classification and chemical environment.

Whenever a heating cable with braid {ground path) and outer jacket is selected,
-CT (or -CR for BTV heating cables) is added to the catalog number.

From Chart 2, -CT is indicated for hazardous (classified) CID2 areas and for expo-
sure to corrosive chemicals. Select the -CT options of 10XTV1.

Heating cable option: -CT
Catalog number: 10XTV1-CT

Chart 2 Chemelex Auta-Trace Heating Cable Options

Heating Cable Options Base -CR -CT

Area Classification:

Hazardous 1 . .

Ordinary . . .

Heat-traced Surface Type:

Carbon Steel . . .

-Stainless Steel . * .

Plastic . .

Painted . .

Chemical Resistance:2

Organics and Corrosives .

Mild inorganic Solutions . . .
V Improved Mechanical Protection . .
. Ground Path for Electrical Protection 3 [ .

-

For FM approvals and CSA certifications see Section 5.0, Approvals for area classification.
Heating cables are not recommended for continuous exposure. For strong corrosives and
organics consult Chemelex.

NEC Section 427-22, 1990 requires a Ground Fault Equipment Protection Device for supplying
electric heating equipment not having a metal covering.

o

w
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Chart 3b Thermal Output Ratings on Insulated Metal Pipes

Thermal Output 22

Watts/foot

A 20XTV1
20XTV2

B 15XTV1
15XTV2

C 10XTV1
10XTV2

b SXTV1
5XTV2

Auto-Trace XTV Heating Cables

20

12

My

8

50

100 150 200

Pipe Temperature °F
Note: Watts/foot x 3.28 = Watts/meter
(°F-32)x% =°C
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}Insulated Plastic Pipes

BTV Heating Cable Selection for

BTV heating cable with braid and outer jacket is ideal for heat-tracing plastic
pipes.

However, increased resistance to heat transfer from the heating cable to the
plastic pipe necessitates compensation of its thermal output. Aluminum tape may
be used to increase the thermal output of BTV heating cables on plast|c pipes. For
tape specifications, see Chart 9.

The thermal output adjustment factors for typical applications are shown below.

Chart 4 Thermal Output Adjustment Factors
Pipe Wall Thickness 0.250” or Less*

-CTor-CR Glass Tape Aluminum Tape

Heating Cable Across Heating Cable Over Heating Cable
- 3BTV1 0.55 0.80

3BTV2 0.60 0.75

5BTV1 0.55 . 0.75

5BTV2 0.50 0.76

8BTV1 0.50 0.70

8BTV2 0.45 0.65.

10BTV1 0.40 0.60

10BTV2 0.45 0.70

*Equivalent to a 3 1/2” schedule 40 PVC pipe. For greater pipe wall thickness consuit the
factory or the Chemelex representative.

GT-66 Glass Tape
across heating cable

AT-180 Alurinum Tape
over heating cable

HNF-2488, Rev. 0
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10

BTV Heating Cable Selection for
Insulated Plastic Pipes

To select the catalog number for BTV on plastic pipe, follow the next five steps.

Plastic pipe example:

Pipe size: 2 1/2” schedule 40
Pipe material: PVC
Insulation: 1" glass fiber

Ty 40°F
Tp: -10°F
TE: 140°F

Service voltage: 120 volts
Electrical area classification: Ordinary
Chemical exposure: None

Step 1. Calculate temperature differential.

AT=Tp-Tp
Calculate AT = Tpy - TA
= 40°F -(-10°F)
AT = 50°F

Step 2. Determine pipe heat loss.

From Chart 1, match the pipe size and insulation thickness with the temperature
differential (AT) to find the base heat loss of the pipe (Qg).

From Chart 1, for 2 1/2” pipe, with 1" insulation and AT = 50°F, the heat loss is
3.8 Wit .

QB = 3.8 W/t @ T)y = 40°F

Step 3. Compensate for insulation type.

Multiply the base heat loss of the pipe (Qg) from Step 2 by the insulation factor (f)
from Chart 1 to get the actual heat loss (Q7).

Qr=Qpxf
From Chart 1, f = 1.00 for glass fiber:
Qr=Qgxf

=3.8 Wit x 1.00
Qr = 3.8 W/t @ 40°F

Step 4. Select the heating cable family, voltage rating, and options.
For a plastic pipe application with a service voitage of 120 volts, select BTV1.

From Chart 2, a ground path is required for plastic pipe. Select -CR option for BTV
since there is no chemical exposure.

Heating cable = BTV1-CR

HNF-2488, Rev. 0
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Step 5. Select the thermal output rating. -

Determine the adjusted thermal output of BTV at the maintenance temperature
(Tp1) when on plastic pipe. Then select the BTV heating cable for which the
adjusted thermal output at T)y equals or exceeds the actual heat loss (Qr).

From Chart 3a, the thermal output of 5BTV1 at 40°F equals 5.7 W/it; and from
Chart 4, the thermal output adjustment factors are 0.55 (using glass tape) and
0.75 (using aluminum tape). If aluminum tape is used, the adjusted thermal output
exceeds Q: ’

5.7 Wit x 0.75 = 4.3 W/t
(this exceeds QT, which is 3.8 W/t)

Thermal output rating: 5
Catalog number: 58TV{-CR.

HNF-2488, Rev. 0
Page A-38

11




12

3.0 Electrical Design

To select the circuit breaker sizing, determine:

Tm: Maintenance temperature (°F)

Qr: Actual heat loss per foot of pipe at Ty
Pipe or tubing size

Pipe length

Type and number of valves and pipe supports
Heating cable catalog number

Minimum startup temperature (°F)

e s e s 0 0 o

Example (continued from page 6}:

T: 40°F

Qt: 8.9 Wit @ 40°F

Pipe size: 6" steel

Pipe length: 100 ft

Valves: Gate, 3 each

Pipe supports: Support shoes, 5 each, 1-foot length
Heating cable catalog number: 10XTV1-CT
Minimum startup temperature: 0°F

Power connection kit: 1

End seal: 1

Step 1. Calculate the total length of heating cable required by combining
lengths from each component of the piping system.

For the pipe: Determine the amount of heating cable required for the pipeline
length.

Piping: 100 ft of pipe = 100 ft
For each valve: Add a heating cable length determined by multiplying Qt by the

valve heat loss factor from Chart 5 and dividing by the heating cable thermal out-
put at Ty,

(8.9 Wiit x 4.3 ft)

Toawr 2

Valves: 3 valves x
For each pipe support shoe calculate the additional heat required as
foliows:

Q suppPORT = 0.7L X (T - Ta), where L = support length (ft)

This formula is based on a 0.25” steel welded shoe partially shietded from winds.
Heat loss from supports: 5 x [1 x 0.7 x 80] = 280 W

Calculate the additional heating cable required by dividing the total support heat
loss by the heating cable power output per foot at Tpg from Chart 3a or 3b.

Heating cable required for supports = - 280 W

Tozwm - oo

Total heating cable: (A) + (B) + (C) = 100 + 11.2 + 27.5 = 138.7 ft
Components: Allow an additional 3 ft for each component.

Total heating cable to be used: 138.7 + 3+ 3= 1447 ft

HNF-2488, Rev. 0
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Note: All thermal and electrical design
information provided here is based upon a
“standard” instaliation, i.e., with heating
cable fastened with glass tape to an insu-
lated metal pipe.

For any other method of installation, con-
sult the Chemelex representative for
design assistance.

VAN

WARNING: Fire and shock hazard. To mini-
mize the danger of fire if the heating cable
is damaged or Improperly installed, use a
Ground Fault Equipment Protection Device
{GFEPD). Electrical fault currents may be
insufficient to trip a conventiona! circuit
breaker.

Note: B gnetic circuit
could nuisance trip at low temperatures,
thermal circuit breakers are recommended.

.}‘\ 7

Chart 5 Valve Heat Loss Factors

Valve Type Heat Loss Factor
Gate 4.3
Butterfly 2.3
Ball 2.6
Globe 3.9

Example: Heat loss for a 2" gate valve is 4.3 times the heat loss for one foot of
pipe of the same size and insulation.

Step 2. Determine the circuit breaKer trip rating. .

Using Chart 6, match the heating cable catalog number at the expected minimum
startup temperature with the total heating cable length and select a circuit breaker
trip rating. Circuit breaker trip rating should not exceed the maximum trip rating
shown for heating cables of that product family. For example, the trip rating of a
circuit breaker protecting several XTV circuits should not exceed 50 amps. To
maximize fault current protection use the lowest allowable circuit breaker sizing.

From Step 1, the total heating cable circuit length is 144.7 feet. From Chart 6, the
maximum heating cable length allowed for 10XTV powered at 120 volts with a 0°F
startup temperature on a 20 amp circuit breaker is 130 feet, and on a 30 amp
breaker is 195 feet. Select the 30 amp circuit breaker.

Circuit breaker trip rating: 30 amps

_— Power

ﬂ Line 1

o
LJ

/ Line 3
4 ,

[
3
r
T
Ld
L

* Line 1 + Line 2 + Line 3 < Maximum Circuit length

Step 3. Select the circuit breaker

Ground Fault Protection

The IEEE standard (515-1989) for heating cables recommends the use of
GFEPDs with a nominal 30 milliampere trip level “for piping systems in classified
areas requiring a high degree of maintenance, or which may be exposed to physi-
cal abuse or corrosive atmospheres.”

Article 427-22 of the 1990 National Electrical Code requires the use of GFEPD
with non braided (base} electric heating cables.

Device selection .
Using the information below, select the appropriate device for the system.

Conventional Devices
« General Electric

Ground Fault Equipment
Protection Devices

* Square D Type TEB
Type QOB-EPD » Square D

+ Westinghouse Types EH, QO

Types GFEP, GFEPD * Westinghouse

Types BA, GH

13
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Chart 6 Circuit Breaker Selection

Circuit breaker trip ratings are based on Article 427-4 of the 1990 National Electrical Code, which says in part “....the rating or ‘
setting of overcurrent devices supplying fixed electric heating equipment for pipelines and vessels shall not be less than 125
percent of the total load of the heating cable.”

Maximum Heating Cable Length (feet) vs. Circuit Breaker Trip Rating (amps)

Heating 120 volts . 240 volts
Cable Startup Temp. 15A 20A 30A 40A  50A 15A 20A 30A 40A  50A
3BTV . 50°F 330 330 330 330 - 660 660 660 660 -
0°F 195 265 330 330 - 395 530 660 660 -
-20°F 170 225 330 330 - 340 455 660 660 -
. -40°F 145 195 295 330 - 295 395 595 660 -
5BTV 50°F / 230 j 270 270 270 - 460 540 540 540 -
0°F 140 185 270 270 - 280 375 540 540 -
. -20°F 120 160 245 270 - 245 325 490 540 -
-40°F 105 145 215 270 - 215 290 435 540 -
8BTV 50°F 150 200 210 210 - 300 400 420 420 -
0°F 100 130 200 210 - 200 265 400 420 -
-20°F 85 115 175 210 - 175 235 350 420 -
-40°F 75 105 155 210 - 155 210 315 420 -
10BTV 50°F 120 160 180 180 - 240 320 360 360 -
QO°F 75 105 155 180 - 155 210 315 360 -
-20°F 65 90 135 180 - 135 185 275 360 -
-40°F 860 80 120 165 - 120 165 245 330 -
10QTVR 50°F 100 130 195 195 - 200 265 390 390 -
O°F 80 105 160 195 - 160 210 320 390 -
-20°F 70 95 145 195 - 145 195 295 390 - '
~-40°F 65 90 135 180 - 135 180 275 365 -
"15QTVR 50°F 75 100 150 200 220 160 210 320 340 -
0°F 60 80 120 160 200 125 170 255 340 -
-20°F 55 70 110 145 185 115 155 235 315 -
-40°F 50 65 100 135 170 110 145 220 290 -
20QTVR 50°F . 60 80 120 160 195 120 160 240 320 380
0°F 45 60 95 125 160 395 125 190 255 320
-20°F 40 55 85 115 145 85 115 175 235 295
-40°F 40 55 80 110 135 - 80 110 165 220 275
5XTV 50°F 180 240 360 380 380 360 480 720 765 765
0°F 160 215 325 380 380 320 425 640 765 765
-20°F 155 210 315 380 380 305 410 615 765 765
-40°F 150 200 305 380 380 295 390 590 765 765
10XTV 50°F 110 145 220 270 270 220 295 440 540 540
0°F 95 130 195 265 270 195 260 390 520 540 -
-20°F 95 125 190 255 270 185 245 370 495 540
-40°F 90 120 180 245 270 175 235 355 475 540
16XTV B0°F 75 100 150 200 220 150 200 300 400 440
0°F 65 90 135 180 220 130 175 265 355 440
-20°F 65 85 130 170 215 125 170 255 340 425
-40°F 60 80 125 165 205 120 160 240 325 405
20XTV 50°F 60 80 120 160 190 15 150 230 305 380
. Q0°F 50 70 105 140 175 100 135 200 270 335 ‘
-20°F 50 65 100 135 170 95 125 190 255 320
-40°F - 45 65 95 130 165 90 120 185 245 310

When using 240 volt Auto-Trace heating cables at operating voltages of either 208 or 277 volts, use the circuit length adjustment factors in Chart 7.
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Chart 7 Alternate Voltage Adjustment Factors =

@ Chemelex Auto-Trace heating cables can be used with nominal variations in
\ " operating voltages without causing significant changes in power output.

- Chart 7 shows the effect of alternate voltages on 240-volt Chemelex Auto-Trace
heating cables relative to the nominal thermal output rating.

Note: When using circuit length adjustm fac-
73@ ,gg ;’;é;;cizeg’:;’g maximum circuit Operating voltage: 208 Volts
Thermal Maximum
Heating Output Circuit Length Heating Cable
Cable Adjustment Factor Adjustment Factor  Circuit Length
3BTV2 0.82 0.99 630 feet
5BTV2 0.85 0.99 500 feet
8BTV2 0.89 0.93 385 feet
10BTV2 0.89 0.93 330 feet
10QTVR2 0.85 0.98 365 feet
15QTVR2 0.91 0.91 305 feet
20QTVR2 0.90 0.92 350 feet
5XTV2 0.84 1.00 720 feet
10XTV2 0.83 0.98 510 feet
15XTV2 0.85 0.97 415 feet
20XTV2 0.88 0.97 350 feet
Operating voitage: 277 Volts
3BTV2 1.18 1.03 710 feet
5BTV2 1.12 1.07 585 feet
» 8BTV2 1.08 1.08 465 feet
.f’ 10BTV2 1.08 1.05 395 feet
h 10QTVR2 1.18 0.96 410 feet
15QTVR2 1.09 1.06 370 feet
20QTVR2 1.07 1.08 430 feet
5XTV2 1.18 1.03 750 feet
10XTV2 117 1.06 575 feet
156XTV2 1.13 1.08 475 feet
, 20XTV2 1.10 111 440 feet
Example 1: -
Adjust the thermal output of 8BTV2 powered at 208 volts:
The thermal output of 8BTV2 at 50°F is 8 W/ft. From Chart 7, the thermal output of
8BTV2 if powered at 208 volts is 0.89.
Adjusted thermal output:
8 W/ft x 0.89 = 7.1 W/it @ 208 volts
Example 2:
To find the maximum heating cable circuit length for 8BTV2 if started at 50°F and
powered at 208 volts:
From Chart 6, the maximum circuit length for 88TV2 is 300 feet when started at
R 50°F on a 15 amp circuit breaker.
From Chart 7, the circuit length adjustment factor for 8BTV2 is 0.93 powered at
208 volts.
{ Adjusted maximum circuit length:
d rve-2488, Rev. 0 300 f1 0.93 2 278 f; G 208 varts
Page A-42 Maximum Heating Cable Circuit Length: 279 ft
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. =~  FIELD INSTRUMENTS & CONTROLS, INC.

12606 N.E. 95th Street, Sulte G130 5302 North Miliview Drive 2928 - 162nd Street S.E.

Vancouver, WA 98682 Spokane, WA 99212 Mill Creek, WA 98012
(206} 896-9910 [509) 926-3284 {206) 4020427
'( Fax: [206] 896:9905 Fax: (509 926-3529 Fux: {206) 402-0625

Daecember 30, 1994

ICF KAISER HANFCRD

P.Q. Box 888

Richland, WA 99352

Attention: Mr. Dick Graber

Subject: Raychem Heat Trace Reguirement
pear Dick:

Thank you for the opportunity to work with you on the referenced
application. We are pleased to offer the following for your

congideration:
FQAMED ELASTOMER — 1/2" THICKNESS:
UNIT EXT,
QTY DESCRIPTION _PRICE ~ _PRICE
32 PT SBTV1-CT Heater Cable; 5 Wati, 120V 5 5.05 8161.60
1 EA PMKG=JLP Power Connection Kit $ 64.95 8 64.95
1 EA PMKG-LE End Terminatlon Kit 8.45 & 8.48
1 EA AMC-1A Ambient Sensing Thermostat 8157.60 $157.60
3 EBA ETL "Electric Traced” Label $§ 0.85 § 2.885
1 BA GT66 Glass Tape ¢ 3.70 4 3.70
1 EA PMK-B Pipe Strap Adaptor Kit § 18.60 $ 16.6C

BILL OF MATERIALS TOTAL: .ercasvcssasnncortrecsony 541545

iz2v FIBERGLASS OR 1% _FOAMED BLASTOMER!:

UNIT EXT.
QTY DESCRIPTION PRICE _PRICE
32 FT 3BTV1-CT Heater Cable; 3 Watt, 120V. $§ 4.55 $145.60
1 EA PMKG~-JLP Power Connection Kit $ 64.95 $ 64,95
1 BA PMKG-LE End Termination Kit & 8,45 g 8.45
1 EA AMC—1A Ambient Sensing Thermosta:l $157.60 $157.60
3 EA ETL "Electric Traced” Label g 0.85 $ 2.58
1 EA GT66 Glass Tape § 3.70 $§ 3.70
1 EA PMK-B Pipe Strap Adaptor Kit $ 16,60 8§ 16.60

BILL OF MATERIATS TOTAL: .covesorovconsrranssonscs 99,

Prices quoted remain valid for thirty days from date of quote.
The FOB point is Vancouver, WA and payment terms are net 30 days
from date of inveice. The standard lead time for these items is
1 week after receipt of order, or sooner (items shown are
normally stocked in Vancouver).

HNF-2488, Rev. 0
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Mrl

Dick Graber

I1CF Kaiser Hanford

Please give us
application.

rls

Enclosures

cet

Jamie Sullivan/Spokane

2 - December 30, 1994

a call if you need any mere detail regarding this
Thanks again for the chance to quote.

gincerely,
.FIELD INSTRUMENTS & CONTROLS

L

Rugss Sut¥er
Inside Sales/vancouver

HNF-2488, Rev. 0
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RAYCHEH TraceCale [V3.0/1041A-A75-5N1647. Paga 1 af

Chemelex Division 30-Dec-94 14:22:0:

Linelist

Project Name! FLEX Temperaturas Insu'ation: FOAMED ELASTOMER
bone for: DICK GRABER Haintain: 40 ¢ (ASTH £534-70)
done By: RUSS SUTTER Hin Ambient: -20 F K Facter a¢ 50 I: 0,2933 0Tu-in/hr-ft2-f
Design Name: FLEX Hax Ambient: 140 F Area Classification Code: Ordinary 4 veltage: 120
Mean: 10 P Chemical Exposura Cods: Severe Lecatian: Outdoora
Project ID: ICFKAL Process Oper: 40 I Meat Loss Safety Factor: 10 X Maximum CB Load: 32 A ~
Design Id: IJCFKAL Max Htr Exp; 150 F Pipe Length per Support: 20 ¥t Pipe Category: I1PS/Steel
tines ID: ICFKAL System Limit: 150 [ Allew Spiralling: No Support HL Facter: 0.00 ft
Startup; ~20 F Altew Uncentrolied: Yes Yalve HL Factor;: 0.00 ft
. Pipe Insul fipe L Cutput HKeater ¥ Stars Oper
Ret Size Thick Length # # Hester Trace Rate Rate Length Comp Load Load
# Line No (in)  (in)  (ft) Valve Support Type Ratio (W/ft) (W/ft)  (fr)} Sets (Amp) (kVA) Comment
1 FLEX 0.50 0.5 30.0 [} 1 5BTVI-¢T 1.0 3.5 5.6 30.0 1 3 0.2

Notes:

Bata used in this design assumes that pipe supports are thermally {nsuleted from the pipes; therefore, no heating cable i3
included for tracing supports. Raychem recommends that you verify the corrcotners of this 4scumptien as pipe supports often cause
substantial heat losaca which should be compenzated by hesat tracing.

To afd elevtrical design, Tracetalc provides slectrical circuit load estimatns bused on the totsl heating cable length. Howsver,
an engineer must independently perform the sctual sireuit design, Tracetalc estimates "Start Load" based on current drawn at
stari=up temperature, TraceCalc estimates the operating load ("Oper Load") baseel on pever output at maintaln temparature, Fon
detailed sizing information, consult the Raychem Clectrical Protection Bulletin ar contact your Rayehem representative,

In accordance with 1EEE Heat-Tracing Design Recommended Practive, Raychem recommends the use of Greund Fault Cirewit Breakers for
piping systems in classified areas requiring a high degree of maintensnce, or which may be exposed to physieal sbusze or corrosive
atmospheres,

ALL of the information contained in the program or designs produced by it are believed to be reliable, However, usecs should
independently evaluate the suitability of cach design for their own application. Raychem mskes ne warrsnties as to the recuracy
or completensss of the information, and disclaims any Ulability regarding 1ts use, Raychem's only sbligstions are those in the
Standsrd Terms and Conditions of Sale for this product and other products, and it ne case will Raychem be lisble for any
incidental, indirect, or consequential damages arfaing from its sale, rosalc, use, or misuze,

HNF-2488, Rev. 0
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RAYCHEMN TraceCale {V3.0/1041A-A15-SN1667 Page 1 of

thamelex Division 30-Dec-94  14:22:06

Design Summary

Project Nama: FLEX Tempsraturss Insutation: FOAMED ELASTOMER
bone for: DICK GRABLR Haintain: 40 F {ASTH ¢534-70)
bone By: RUSS SUTTER Hin Ambiens: ~20 K Factor ax 50 F: 0.2933 BTU-in/hr=ft2-f
Design Name: FLEX Max Ambient: 110 F Arsa Clasaification Code: Ordinary Voltage: 120
Mean: 10 F Chemical Exposura Code: Severe Location: Outdeors
Project 1D: ICFKAL Process Gper: 40 F Heat Los» Safety Factor: 10 % Haximum ¢B Load: 32 A
Design ID: ICPKAL Hax Hir Exp: 150 F Pipe Length per Support; 20 ft hipe Category: IP$/Steel
Lines ID: ICFKAL Bystem Limits 150 F Altew Spirulling: No Cupport HL Factor: 0.00 f¢
) startup: ~20 F Allow Uncentiolied; Yes valve HL Factor: 0,00 ft
LS Pipe Insul HL Output feet of Heater Min  Max Start  Oper Total Total Total
Ref  size Thick Rate  Heater Rate /ft per per Pitch T T K raeter Load Load Pipe  Keater Comp
# Gind  ind  (W/TL) type (W/fr) Pipe Valve Supp (in) Mainteinsd @ Mean T (A/ft) (KW/fed (%) {ft) sets
1 0.50 0.5 3.5  SBYVI=CT 5.6 1.0 0.0 0.0 4 57 126 0.2830 0.097 0,0063 30 20 1

Notes:

Data used in this design assumes that pipe supports are thermally dnsulated from the pipes; therefore, no hesting cable e
included for trecing supporty, Raychem recommends that you verify the correctness of this assunption as pipe supports often cause
substantial heat l{osses which should be compensated by heas tracing,

the columns labeled "Hin T Maintained" and "Mex T Malontained" are indicative of zhe most likely temperature rangs, The actual
rangs will vary depsiding on dnsulation thermal conductivity, pipe lecation, wind speed, and other detsils of the cpecific
instatiation. For temperature~sensitive applications, use the temperaturc range indicated to determine {f thermestatic control is

Advizahle,

To aid electrical desfgn, Tracecale provides electrical circuit load cstimaves bnsed on the total heating cable length. However,
an engineer must independently perforn the actual circuit design. TraceCalc estimates YStart Lead! based on ourrent drawn st
start-up temperature. TraceCale estimales the operating load ("Opsr Load") based on power output at maintain tcmperature, For
devailed sizing information, sonsult the Raychsm Electrical Prezection Bulletin ur contact your Rsychem representative,

In accordunve with IEEE Heat-Tracing Design Recommendad Practice, Raychet recommends the use of Ground Fault Cireuit Broakers for
piping systems in classified arcas requiring & high degree of raintenance, or which may be expsced to physical abuse or corrosive

atmeapheres,

ALL of the informstion contained In the program or designs produced by it are be.ieved to be reliable, However, users ehould
indepemdently evaluate the suitability of cach design for their own spplication. Raychem makes no warranties s to the accuracy
or completuness of the information, and disclaims any Liability regsrding its us:. Raychem's only obligations are those in the
Standard Terms and Conditions of Sale for this product and other products, and {n no ¢ase will Raychem be Lisble for any
incidental, indirect, or consequential damages arising from its sale, recale, ues, or misuse.
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RAYCRHEN 4 Tracetale [V3.0/1041A~A15-SN1667] Page 1 of

themelax Diviainn 30-Dec-94 14:27:3;

Linelist

Project Name: FLEX Temperaturess - - tnsulation: GLASS FIBER
bona For: DICK GRABER Haintain: 4O F (ASTM C547=T7)
Done By: RUSS SUTTER Min Ambient: -20 F K Factor nt 50 F: 0.2497 BTU-in/hr fe2 1
pesign Name: fLEX © 7 Hax Ambfent: 110 [ Area Classification Cede: Ordimary B Yoltage: 120
. ’ Hean: 10T chemieal Exposure Code: Severe Location: Outdoors '
Project ID: ICFKAL < Process Oper: &0 # Hoat Loss Safety Factor: 408 % Haximum CB Load: 32 A
pesign IP: I1CFKAL .o Max Htr Exp: 150 ¢ Pipe Length per Support: 20 ft Pipe Categonry: IPS/Steel
Lines ID: ICFKAL syatem Linit: 150 F Allow Spiralling: Ne Support HL Factor: 0,00 f%
H s€artup: ~20 F Allow Uncontrolled: Yos valve HL Facter: '0.00 ft
Fipe Inswl Pipe HL  Output Heater § S$tart Oper
‘Re¥ Size Thick Length # # Heatar Trace Rato Rate Length Comp Lead Losd

# Line Ne (in) (in)  (ft) valve Suppert Type Ratis (W/ft) (W/ft)  (¥t) Sets (Amp) (kVA) ° Comment

1 FLEX 0.50 0.5 30.0 Q 4 ZeTvi-CT 1.0 2.9 3.4 30.0 1 2 041

Data used 4 this design assumes that pipe supports are thermally insulated frem the pipes; therafore, no heating cable iz
included for trmcing aupports. Raychem racommends that you verify the corroctnuss of this assumption aa pipe supports cften ssusé
substantial heat Losses whick should be compensated by heat tracing,

Yo aid elsctrical design, TraceCalc provides slectrical cirguit load estimates based on the total heating cable length. However,

an enginser must indepsndently perform the actual eircuit design., TraceCalc estimates "Start Losd" based on current drawn at
fptart—up tempe TraceCale estimates the operating load ("Oper Load!) bascd on powsr output at mathtaln temperature, For
® detailed ai:§n§°¥nfermatinn, consult the Raychem Elactrical Protection Bulletin or coéntact your Reychem iipr@tentativg. )

In accordance with 1EEE Meat-Tracing Design Recommended Practice,. sychem reconmmends the use of Ground Fault Cireuit Breakers for
piping systems in classified arsas requiring a high degres of maintenance, o whish may be expesed to phyaical abusc or corpssive
stmocpheres,

ALl of the informetion contaihed dn the pregrem or designs preduced by it are believed to be rolisble, However, uzerz sheuld
{ndependently avaluate the suitability of each desid} for thair own spplication, Raychéem makes ne warranties as to the accuracy
or completeness of the information, and disclaims an§ Liab{lity regarding ies ute. Raychem’'s only obligstiens are those in the '
standard Terms and Conditions of $Salc for this product and other products, and ¢n ho case will Raychem be lizble for any
Jincidental, indirect, or consequential damagea aria{ng from its sale, resale, uie, or misuse.

HNF-2488, Rev. 0
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Page 1 of

RAYCHEMN
rhemelex Division 30-Dec-94  14:27:)
Design Summary
Project Name: FLEX Tenperatures Insulation: GLASS FIBER
bene For: DICK GRABER Maintain: 40 F CASTH €547-77)
bone By: RUSS SUTTER Hin Ambient: -20 F f é o O F =in
Deaign Name: FLEX Hax Ambient: 110 F Area classification Code: Voltage: 120
Hean: 1071 Chemdcal Cxposure Code: Severe Location: Cutdeora
Project ID: I1CFKAL Process Opery 40 F Heat Less Safety Factor: 10 X Haximum €B Load: 32 A
beaign ID: ICFKAL - Max Htr Exp: 150 F Pipe Length per GLupport: 20 ft Pipe Category: IPS/Steel
Linea Ib: ICFKAL Syssem Lim{e¢: 150 F Allow spiralling: Ne Suppert HL Tactor: 0.00 ¢
Startup: -20 F Allow Uncoentrolled: Yea Valve HL Factor: 0,00 4t
bs Pipe  Inaul HL Output rest of Meater Hin Haa Start  Cper Tetal Total Total
Ref 8ize Thick Rate Hooter Reta /ft per par Pitch T T K faeter Load Load Pipe  Heater Comp
# (in)  Lin)  (W/fe)  Type (W/f2)  Pipe valve Supp  (ind)  Heintained B Mean T {A/ft) (KW/f4) (4% (ft)  Sets
1 0.50 0.5 2.9  3BTVI-CT 3.4 1.0 0.0 0.0 0 45 122 0.2345 0.070  0.00¢1 30 30 1
Notes:

dats used in this design assumes that pipe supports are thermally insulated fron the pipes; therefore, no hoating cable is
included for tracing supports, Raychem recommends that you verify the correctness of this essumpiien as pipe supports often csuse
substant{al heat losses which should be compensated by heat tracing.

The columna labeled "Hin T Maintained! and "Hax T Haintained® are {ndicative of the most likely tempersture range. The actuatl
range will vary depending on insulatfon thermal conductivity, pipe location, wird specd, and ether details of the apecific
installation. For temperature-sensitive applications, use the temperatura range indicated to determine if thermeatatic consrol 12

advisable,

To aid alectrical deaign, Tracelsle prevides elactrical cireuit load estimatea based on the total heating cable length., However,
an engineer must independently perform the actual circuit design, TraceCale estimates Vstart Load" based on current drawn at
start-up tempercture. Tracelale estimates the operating load ("Oper Load") based on power outpur at maintain tempercture, For
detailed aizing inform;tian, consult the Raychem Cisctrical Protection Bulletin or contact your Raychem reprezentative.

In accordance with 1EEE Heat-Trocing Design Recommenced Practice, Raychom recomrends the use of Ground fault Circuit Breokera for
piping eystems in classified aress requiring a high degree of meinterance, or which may be exposed %6 physical abuse or eerrcsive
atmospharas,

ALL of the information contained in the program or designs preduced by it are believed o bo relisble, However, users should
independently ovaluate the suitability of coch design for their own applicatien. Raychem makes mo warrantics as to the aceuracy
or complereness of the infermation, and diselsims any liability regarding its use, Raychem's only ebligatione are those in the
Standerd Terms and Conditiens ef Sale for this product and other products, and in no casc will Raychem be Liable for any
incidental, indirect, or consequentiel damages arisirg from its sele, ressle, use, or misuse
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RAYCHEM
themelex Division

TR e e T

Tracecale (v3.0/1061A~A15-5K1667)

tinetlist

project Name: N Tenperaturcd Insalation?
done For: DICK GRABER Maintaini 40 F
pone By: RUSS SUTTER M{n tmbient: -20 F K Factor at 50 [
pesign Name: FLEX Max Ambient: 110 f area tlassificatisn Code
Mesn: 10 F chemical Exposure Cede:
project 101 ICFKAL process Opers 4O F Heat Loss Safety Faster:
pesign ID: ICFKAL Hax Hte Exp: 150 Pipe Length per Supporii
Lines 1D: ICFKAL system Limit: 150 F Atlow Spiralling:
startup: 20 F Allow yncontroileds
. pipe Insul Pipe L Output Heater
Ret size Thick Length # # Heater Trace Rate Rate  Length
# Line No Gind () (ft) velve Support Type Ratio (W/1t) (W/fty -(fD)
1.0 30.0 [+] 1 IpTvi-cT 1.0 2.3 3.4 30.0

pata used in this design assumes that pipé supperis &re thermatly
included for tracing supports.

insulated from the pi

substantial heat losses which should be compensated by heat tracing.

Yo ald electrical dasign,

an engineer must independantly
TraceCalc estimates the operating losd ("Cper Load") based wn power output at maintain temperaturs.

start-upg temperature.

datailed sizing information,

1n accordance with 1EEE H

atmospheres.

ALL of the information contained in the program
independently evaluate the
or completensss of the info
standard Terms and Conditions ot sale for this product and other products,
incidental, ndirect, or conseguential

aat-Trocing Design Recommended practice,
piping systems in clagsified areas requiring a high degree of maintenance,

suitability of each
rmstion, and disclaims any tiability regarding its use,
and in no case will Raychem be
resale, use, or misuse.

Tracetalc provides etlectrical cireuit loed estimates buyed on

perform the sctual circutt design. racetalc wilimates

Fage 1 of 1
30-nec-96 14:39:56

POAMED ELASTOMER
(ASTH €534-70)
0.2933 BTU-in/he-ft2-F

ordinary veltage: 120
severe » Loeation: Outdonrs
10 % Maximum €3 Lead: 32 A

20 ft pipe totegory: 1PS/Stosl
No Support HL Fsctor: 0.00 ft

Yes 0.00 ft

valve HL factor:

# start Cper
tomp Load 1sad
sets CAmp) (kVAD

1 2 0.4

Comment

pes} therefore, no heating esble is
faychen recommends that you verify the correctness of this assumptien 63 pipe supports often cause

the total heating cable length., However,

ngstart Load!l bssed on current draun at

For

consult the Raychem Eleutrival Frotaction Bulletin or contact your Raychosm cepresentative,

or vhich may

design tor their own applicatior,

damages arising from ita sale,
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Cortaits SASTOMEC 2 SUAL O | &/

AYCHCH Tracetale’ [V3.0/1OIJ1A-A1S-SN166‘II page 1 of 1

hamelex pivieion 30-Dec~9k 14340:03

pesign Summary

seoject Name: N Temperatures Insdlation: FOAMED ELASTONER
pone For: DICK GRABER Maintain: 40T (ASTN £534-T0)
pone By: RUSS SUTTER Min Ampient: -20 F K Factor a1 50 Fi 0.2033 pTu-in/hr-ft2-F
pesign Name! FLEX Max Amblent: 110 F Area Classification code: Ordinary Voltage: 120
Mean: 10 F chemical Exposute tode: Severe s+ Lotation: Outdoors
project 1D ICFKAL process oper: 40 F Heat Lovy Safety Factor: 10 % Maximum CB Load: 32 A
pasign 1D: ICFKAL Max Mtr Expt 150 F pipe Longth per support: 20 f% pipe Category: 1p8/steel
Lines D¢ ICFKAI system Limit: 150 F Allow Spi-alling: o Support ML Factor: 0,00 fr
startup: ~20 F Altow Uncontrolled: Yes valve HL factor: 0.00 2
DS pipe Insul HL output Feet of Honter Min Haz stary  Opst Total Tctal Total
Ret size Thick Rate Heatur rate /ft  per  per pitch T T K Foctor  Load Load Pipe  Heater Comp
# Gy (i) (R/fEY Type (w/ft) ripe vatve Supp (4n) taiptained @ Kean T (aZfr) (Ku/fe) (fe) (fx)  Sets
1 0.50 1.0 2.3 3BTVI-(T 3.4 1.0 0.0 0.0 0 54 124 0.2628 ©0.070 0.0041 20 30 1

pata used in this design assunes that pipe supports arc thermatly {nsulated fron the pipees therefors, no heating cabls is
included for tracing supports. Raychem revomnends that you verify the correctnass of this assumption as pips tupports often sause
substantial heat losses which should be compansated by heat tracing.

The columns tabeled "Min 1 maintatnad® and "Mex T Maintained” are indluative of the most Likely temperature range. The sstual
range will vary depending on {nsulation thermal conductivity, pipe location, wind speed, snd other details of the spacific
installatien. For xempera!ure-sensi:{ve applications, vse the (emperature rangs indicated to determine if thermostatic centrol d¢

advisable,

To aid electrical design, Tracecale provides stectrical circuit tosd sstimates oased on the total hoating sable tength, However,
an enginear must independently perform the actual eircuit design. Tracetste vstinates "start Load! based on current drawn at
start=up temperature. Tracecale estimates the eperating toad (roper Load™) bassd on power output 2t maintain temperatira. Far
detailed sizing sntormetion, consult the Raychom Electrical protection Bulletin or contect yeur fsychem representative.

In acesrdance with 1EEE Heat-Tracing pesign weconmended practice, Raychem revondends the use of Ground Fault cipeuit Breakers for
piping systems 1R c!assﬁfied areas tegquiring a high degrae of mainiznance, orf which may be exposed o physical abuse of corrosive

atmospheres.

Alt of the informationh contained in the program or designs produced by it are telieved o be relisble, HWowever, usefe should
indepsndently evaluate the suitability of each design for their owh appticatior. faychem nakes no varranties as to the ancursey
or complateness of the intormation, and disclaims any Labitity regarding fis use. Raychem's enly obligations are those in the
standard Terms &nd tonditiehs of sale for this product and othee products, and in no caso will Rayehem bo Liable for any
ineddental, indirect, or yonsequentiat damages arising from its sole, resale, veo, of misuse. ’
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This sheet shows the status and description of the attached Design Analysis sheets.
piscipline Electrical Wo/Job No. ER4319 Calculation No. W320-31-015
Project No. & Name W-320 TANK 241-C-106 WASTE RETRIEVAL
Calculation Item Cable Ampacity, Lighting, Cendeetor Fill, & Voltage Drop
Comobait’
These calculations apply to:
Dwg. No. H-2-818677 Elect Service Building Details Rev. No.
Owg. No. H-2-818430 241-C-106 Raw Water System Plan Rev. No
Other (Study. COR) KGS-94-009 Project 93L-EW-320, Tank 241-C-106 Rev. No. NA
Sluicing, Letter of Instruction, Definitive Design, Revision 6
dated April 1, 1994
Functional Design Criteria for Tank 241-C-106 Waste Retrieval,
Project W-320, Revision 2
The status of these calculations is:
[] Preliminary Calculations
[X] Final Calculations
[1 Check Calculations (On Calculation Dated)
[] Void Calculation (Reason Voided)
Incorporated in Final Drawings? [X1 Yes []
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Client
subject Service Building Installation pate 8/01/94 By D.E. Larson D.E.L.

WHC

KAISER ENGINEERS ] . Calc. No. W320-31-015
|HANFORD Revision & 2.

DESIGN ANALYSIS Page No. 1 of 9
. W0/Job No. ER4319

Checked 8/er/o¢ By J. Del Ros#f5

Location Tank Farm C Revised-N#d/?J/‘i% By M K¢ Tharensala

2.0

3.0

4.0

1.0 OBJECTIVE

The objective of this calculation is:

a.

b.

c.
d.
e.
f.

To size and select a Mini-Power Zone.
To size and select the main feeder cables that supply the service building
loads. (including the B HP air compressor)
A2 and
To size and select branch/feeder cables.
To size conduits for fill.
To verify lighting fixtures for proper illumination levels

To calculate voltage drops, including during air compressor motor starting.

DESIGN INPUTS

KGS-94-009 Project 93L-EW-320, Tank 241-C-106 Sluicing, Letter of Instruction,

a.
Definitive Design, Revision 6 dated April 1, 1994

b. NFPA-70, National Electrical Code, 1993.

CRITERIA AND SOURCE

Functional Design Criteria for Tank 241-C-106 Waste Retrieval, Project W-320,

Revision 2 :

ASSUMPTIONS

b. A1l conductors are stranded copper rated for 90°C (194°F), 600V insulated

c. Ambient temperature inside building is considered to be 46°C (115°F) for worst

. case condition. Temperature outside of the building is considered to be 46°C
(115°F) the same for worst case condition.

d. A1l conductors are assumed to be routed in rigid steel conduit or EMT.

e. Electrical loads are listed later in this calculation. In the absence of
manufacturer’s information, values from the 1993 NEC are used.

f. Assume reflectances of 80 % for the ceiling and 50 % for the walls. sop2

Q
HNF-2488, Rev. 0 (feafae)
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KAISER ENGINEERS Calc. No. W320-31-015

. HANFORD Revision 8~ 2.
DESIGN ANALYSIS Page No. 2 of 9
Client  WHC W0/Job No. ER4319
Subject Service Building Installation pate 8/01/94 By D.E. Larson O.E.L.
v Checked &%/2¢ gy J. Del Rosari
Location Tank Farm C Revised-N&-7jaslag By ¥k kP Thamamvata .

g. Short circuit calculation need not be considered. The basis for this is that
preliminary calculations have shown Tow fault values.

h. Emergency lighting is not necessary. The building is small and largely
unoccupied. o ’

i. I1lumination levels within the Service Building are needed for performance of
z;gg§1 tasks of high contrast or large size. Assume .9 maintenance factor
j. Power Factor is assumed to be .85.
k. Air compressor KVA/HP is class G
1. Motors may be assumed to be 1 kVA/HP.
5.0 METHODS TO BE USED
5.1 CABLE, PANELBOARD AND CIRCUIT BREAKER SIZING

a. Determine maximum rated load of each component (receptacles, lights, and
misc. equipment).

b. Determine maximum load on Mini-Power Zone.
¢c. Select cables and circuit breakers.
d. Derate cable ampacities for ambient temperature.
5.2 LIGHTING REQUIREMENTS AND FIXTURE SELECTION
a. Lighting requirements are from the I1lumination Engineering Society of
North America, IESNA. Simplified method of calculation from Means Cost
Data is used to calculate light intensities.
5.3 CONDUIT FILL AND VOLTAGE DROP
a. Application of NEC tables and application of ohm’s law
6.0 REFERENCES
£
a. National ElectricjCode (1993)
b. Lighting Handbook 8th Edition - I1lumination Engineering Society of North
America (IESNA) :

NEMA MG 1- 1993 Motors and Generators
Westinghouse Lighting Handbook

QO

HINF-2488, Rev. 0
Page B-4 —

KEH 0037.00 (06/92) KEF0S5



KAISER ENGINEERS

|HANFORD
DESIGN ANALYSIS
Client  WHC
Subject Service Building Installation pate 8/01/94
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Location Tank Farm C Revised

Calc. No. W320-31-015
Revision A& 2.
page No. 3 of 9

W0/Job No. ER4319

By D.E. Larson D.E.L.
8/rfor By J. Del RosarigrfR.
M 7[25/15 By HAKP Thavawala.

7.0 CALCULATION

.7.1 LOADING WITHIN THE SERVICE BUILDING
7.1.1.1 Total Load

Two duplex receptacles

2 X 180 = 360 VA

56% for unanticipated future loads.
%o

load must include the load of the air compressor.

. 1.0
VA=V XAX1.732 =480 X 26X 1.732 =.6318VA
This brings the total load to:
TOTAL

7.2 Mini-Power Zone Qver-Current Protection

rating of 20 Amps @ 480 volts AC and secondary 2

% capacity for future expansion.

HNF-2488, Rev. 0

as drawing —{T%amps as shown in NEC table 430-150.

Electric Heater 2,000 1560 VA

Exhaust Fan (Lpgp) (1(6 nP) 13T 52 K528 NA

Two fluorescent fixtures 200 VA

Outdoor fixture _ 60 VA
‘SUBTOTAL 2\4 8 275 ZEF VA,

Air Dryer (future-toady(200 wA) 2B .36 VA

£0,-SetenoidVatve—Cfuture—toad) VA
SUBTOTAL 3172 27%% ZZOEVA

Select a Mini-Power Zone of size 5000 VA. This will provide acceptable margin. of.
Additional margin is available because the
exhaust fan should not be operating at the same time as the heater.

The total
This g HP motor may be assumed

17

ql45 VA

Fo7
[2317 8526 VA

Mini-Power Zone rated 5 kVA with 2 pole primary main circuit breaker with

pole main circuit breaker of

30 Amps at 240 volts AC (see Attachment A) will supply 2268 VA (4% %) plus &6

&E
2172 63.5

DEL. 92494

26.5
#pd (1f24]182

T o © © 60 e

®

ESC)

KEH 0037.00 (¢ PageB-5
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HANFORD Revision A& 2~
DESIGN ANALYSIS Page No. 4 of 9

Client  WHC W0/Job No. ER4319

subject Service Building Installation pate 8/01/94 gy D.E. Larson D.E.L.

Location Tank Farm C Revised WA 7[25748 By ¥ KP Thamarmals,

Checked &/erf7¢ By J. Del Rosari

( the electr/c fealer Branch wircwit whrich skl &7u,}c 9 RS Gmp dresker per NVEC 38%-/6(%).

Secondary full load current = 5000 kVA / 240V = 20.83 A

1 25 X Sec. full Toad current = 26 Amps [NEc awx 450 -3)
Manufacturer’s standard breaker of 30 amps is next higher rating.
The maximum primary current through the Mini-Power Zone is:

I =VA/V=5000 /480 =10.42 amps
The manufacturer's standard for the Primary breaker rating is 20 A. This will
gg&ggirzlgﬁgwith the secondary breaker and handle the full load rating of the Mini-
The largest load is the electric heater. This will draw the most current:
Lol /v = D00 vatts / 120 volts = B4 amps. . 125" = w{;qu/l[”ﬁc aae-3]

Industry standard .circuit breakers of 20 A shall be used for”branch circuits, exept
hey will be satisfactory for any of the proposed loads.

7.3 Feeder and Cable Selection

@uw:d(ul o
7.3.1 Supply Cable Selectien: éA minimum size of #1127 AWG
feeder cable is to sugp]y the Service

Building from the Power Distribution Panel to satisfy Au Compreesistand]
mp# the-20-K panel rating. Full load current at the
primary of the Mini-Power Zone and the air compressor

is:
Mini Power Center: I = VA/V = 5,000/480 = 10.4 amperes
[l.o
Air Compressor: I =7-6 amperes (from NEC table 430-150)

214
The total current is then the sum or 18 amperes.
Fot codle FCFAMAS lr_: 128 x -0+ 104 = 24 15avapr. 4o
The ampacity of #}2 RWG cable from NEC table 310-16 is M (90°C
rating). This ampacity is derated for the ambient condition
1= .82 *.30 = 2476 amps
40 322.%

It is not known what the rating of the terminations
are at  the Power Distribution Panel supplying the
Service building. It must be assumed that they are

wf.
pEL "/”/q* @//"'f?"ﬁ

KEH 0037.00 (06/92) KEFOS5 HNF-2488, Rev. 0
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client  WHC W0/Job No. ER4319
subject Service Building Installation Date 8/01/94 gy D.E. Larson D-E.L
Checked 46//7% 8y J. Del Rosariga@®
Location Tank Farm C Revised N 1(2579% By ¥k KP Thomcanads.

only rated for 60° C rise. Per NEC article 110-14(c)
Exception No. 1:

Conductors with higher temperature ratings shall be used, provided the
ampacity of such conductors is determined based on the 60°C (140°F)
ampacity of the conductor size provided.

Per conversations with Hanford Code experts. Attachment H, the
derating for terminations need not be considered along with derating
for high ambient conditions. They are to be treated separately. The
60°C rating of #12 AWG wire 1s(§g'amperes, this will carry the full

load of the MinifPower Zone so{this satisfies the termination
derating. 1o o »

2%

7.3.2 Branch Cable Selection: The(igrgest anticipated load to be supplied
from the Mini-Power Zone is a~¥ kW heater. This is the worst case for
normal branch circuit ampacity. This will draw:

2 6.7
I = VA/V = 7000/120 = 833 amps % |25 =20 75 amks

Select #12 AWG for branch circuits. Brapch circuits will be protected
by 20 A circuit breakersi with excention of healer branch circut which
requires a RS5A etrew? griaker, amd. # 10 AN calde , por NEC table 3]0-16.
The ampacity of #12 AWG cable from NEC table 310-16 is 30 A (90°C
raténg). This ampacity is derated for the 120° F ambient temperature
condition:

I =.82%*30=24.6 amps
&;)‘W M
It is not-knowawhat-therating-of the terminations are at each

device —As—above, +t-must-beassumed—that—they are only rated for 60°
C rise. The 60°C rating of the #12 AWG cable is 25 amperes. This 1s
adequate ampacity for the branch circuits. 4ot
pr®
7.4 MOTOR CONTROL S
fogr

There are two motors to be considered. The first is a £ HP[exhaust
fan motor. Per NEC table 430-148, the full load motor currentXis 4.4
amps.a It is intended that the Mini-Power-Zone circuit breaker
SUpplying the motor serves as means of disconnect and that the
thermostat serve as the controller. This will be within Tine of sight
satisfying NEC 430-102. Per NEC 430-109, it is acceptable to use a
circuit breaker as a disconnect for a 1/6 HP motor provided its rating

A~

is not less than twice the full Toad rating of the motor. the coredit brke

;=2 X I;=2X4.4=28.8amps

J

|o

I

a2
DEL 9aafas @zs]13)

é HNF-2488, Rev. 0
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subject Service Building Installation Date 8/01/94 sy D.E. Larson D.E.L,
Checked &/ /o¢ gy J. Del Rosam’o/@?
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The circuit breaker is rated at 20 amps. 20 > 8.8 It is acceptable to
use a circuit breaker as a disconnect.

Per NEC 430-110, the ampere rating of motor interrupting means
(thermostat) shall have 115% the full load rating of the motor. 1.15
X 4.4 =5.06 amps  The selected thermostat has a rating of 25 amps.
(See Attachment B) 25 > 5.06. It is acceptable to use the thermostat
as a motor interrupting means. Y

1

. A
The second motor is the fubure-5 HP air compressor packaged unit.
Control for this motor will be supplied by the compressor vendor.
Comodwit
7.5  £enductor Fill

) 3B lo
Branch Circuits: Per NEC Chapter 9 Table 3A& we can have up to 7 # 12
o% 6 # 1o HHN XHHW conductors in a 1/2" conduit. Inspection of the drawings shows
that we have no more than 4 conductors in any of our EMT conduits. .

2B
Supply Circuit: Per NEC Chapter 9 Table.3A, we can have -}-7—#8—AWG)(5nd
1836 # 10 AWG in an 175" conduit.jpThere—is—a—pessibitty-that—eur The
supply will be a%% conductors£8”AWG tyﬁe_ﬁ%’%ab]e. This will have a
cross-sectional area of 92 square inches See Attachment G) .

A A cotna—€6 : e

aharon h h Ko nhereon &

" b 3 erent #10-AW ot
total area taken up by the cable is .6Z,square inches. 09
Per NEC table 4 one not lead covered cabTe can be up
to square inchesaand sti11 not exceed theé%o%
TIT1 reQUirement. Ny 54 condenit . o.34 a1 Condnit
68 > square inch
"Lo-% ’68: aauare & THHN 3¢ (o

A pon F4T )
A 1°8%conduit is adequate for type M6-3—/-€—#¥with gl”‘OUI’ld.‘

o2l

7.6 LIGHTING

Inside Lighting: Per IES (Attachment D), average of 30 footcandles is .
adequate. The Zonal-Cavity Method will be used to determine the
number of fixtures.

Room Cavity Ratio (RCR) =[5 X h X (L +W)] / (L XW)

h = height of light
L = room length
W = room width
RCR =[5 X 8 X (10 + 8.5)] / (10 X 8.5) = 8.7
EINF-2488, Rev. 0 49 (7/~4{8

) 1o wic:;mdmtk
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Using the Crouse-Hinds photometric data (Attachment

C). with an assumed ceiling reflectance of 80 % and

an assumed wall reflectance of 50 %, the coefficient

of utilization is .25. -2%

(FC X FT%) / (# of lamps X lumens/Tamp X CU X MF)

(30 X 10 X 8.5) / (2 X 3200 X ,zgx 9) =AFT1.5F
2

Use two fixtures.

# of fixtures

]

# of fixtures

Entrance lighting needs 3 footcandles. Total area
that needs to be 1it is approximately 6 X 3' = 18 ft?

The fixture selected for outdoor use is the Voigt
SOX-35 Wall-Most. The manufacturer’s data in
Attachment I may be used to determine whether this
fixture is adequate for our needs. The Footcandle
Isolux diagram shows the footcandles available from a
Voigt SOX-55 at a height of 15 ft. This must be
adjusted to obtain values for the SOX-35 at 10 feet.

To adjust for the lower lamp output, the footcandles
will be multiplied by .6. This is obtained from the
ratio of the lumen output of the Tamps. The
Westinghouse lighting handbook provides guidance for
adjusting for the height difference. The following
is quoted from page 2-14 of the 1969 Westinghouse
Tighting handbook, “"Footcandles for other mounting
heights than the one shown are obtained by
multiplying the values given on the curves by the
ratio of the square of the present mounting height to
the square of the new mounting height.”

This adjustment factor will be (152 / 10% = 2.25

We will consider an area 3 ft out from the wall. The
chart shows this as approximately 7 footcandles.

HNF-2488, Rev. 0
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Using our adjustment factors this becomes:
7 footcandles X 2.25 X .6 = 9.5 footcandles

 Outdoor fixtures will give adequate light.

7.2<2 Voltage Drop

From the Power Distribution Panel (PDP) to the Service building is
approximately 55 ft. The voltage drop to the load is divided into

thanee four parts. These are the voltage drop from the PDP supply to the
main disconnect,-the—veottage-drop—across—thetransformer, the voltage
drop across branch circuit wiring to the load and the starting voltage
drop when the compressor starts.

10
Supply cables are mintmum #1277 AWG 55 ft long. Using conductor
information from NEC Chapt. 9 Table 9

. 0gog
(55 TtIT8661E) X l/? ohms/1000 ft = ,0935‘ ohms -
48214
Full toad amps are 16-4T amps for air compressor and the mini power
zone. (Refer to Sectron 2.3.1)
cocos M2l bk 681295
Volts dropped = ~0935 ohms X 16-4T amps = ,1/.53 volts

£295 35 -2 o
% Voltage drop = (1,56’ V /480 V) X 100 = 318 % for #12 wire

~Fransformer—Z-may-be—assumod—to—be—2-64-%-—(see-Attachment F) By

Branch circuit conductors can be no longer than (10 ft length + 8 Tt
length) with a 20 percent margin. This is a total length of 21.6 ft.
Per Chapter 9 table 9 the impedance of a # 12 AWG conductor is 1.7
ohms / 1000 ft.

=1%*7 =20 amps X 21.6 ft X 1.7 ohms / 1000 ft = .7344 volts
% Voltage Drop = .734 V / 120 VX 100 = .6 % [1evt be < 395]

Total Voltage Drop = </ Py 6% = 364357 0. 81
- Bt
Total voltage drop must be less than 5 %. %67% <5%
2.8
Voltage drop is satisfactory.
349
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KAISER ENGINEERS . Calc. No. W320-31-015

|HANFORO Revision B2
DESIGN ANALYSIS Page to. 9 of 3
Client  WHC Wo/Job No. ER4319
| subject Service Building Installation Date 8/01/94 gy D.E. Larson D-E.L.
Checked &/er/os By J. Del Rosarig@é
Location Tank Farm C _ Revised WA 12578 By MAK P T\ vesre o
cz.5

Upon starting our compressor will draw about 45-6 LRA amps per NEC
Table 430-151. In order to start our compressor motor our supply
voltage should not dip below 80 % of the motor’s voltage rating. This
current is in conjunction with the current to our mini-power zone.
The total worst case current will then be:(Ret Se. T-3:1D
¢3.5 14
10.4 + Ab-6 == .56-amps |
o
Voltage drop to compressor is the drop across our 55 foot # X7 supply
and an additional 20 fth the compressor motor.
0605 A4 4.4 #* |2
0935 X 56 = 5236 volts to the disconnect. s
2.

3.5
45-% amps X 20 Tt/DI86<E X 1.7 -ohms/1000 ft = -85 volts
£ 471 2159 .28
% drop is (5+236-+155)V / 480 V * 100 = 14 % voltage drop

1-38
The total 4 % voltage drop is within the allowable 1imits given for
NEMA motors. (NEMA MG-1 12.44.2)

8.0 FINDINGS AND CONCLUSIONS

8.1 Supply cable to the Service Building is adequately sized.

8.2 Branch circuit conductors are adequately sized.
Covolwed

8.3 <Lendustor fill is satisfactory.

8.4 Lighting system designed meets or exceeds the minimum required illumination
for the W-320 Service Building. . :

8.5 Total voltage drop on air compressor feeder and branch circuit is within
tolerance for NEMA motors.

HNF-2488, Rev. 0
Page B-11 DEL 9/3;7/94 = (7/7-7‘78’)
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The Square D Mini Power-Zone™ power supply provides the an-
swer to requirements for a portable, compact. package power sup--
ply for small loads. It is suitable for both ‘indoor and outdoor use
with its weather-resistant enclosure and sand-epoxy cncapsulated
transformer, operating at a maximum full load temperature rise of
115°C.

All sizes are furnished from warehouse stock with Square D
primary and secondary main circuit breakers only, sized in
accordance with National Electrical Code requirements.

MINI POWER-Z0NE ™ R,

Feeder circuit breakers are standard Square D, QO plug-on /
type which may be ordered, as required, from your tocal g
Square D distributor’s stock. (No tandem breakers permitted.)

Since the Mini Power-Zone is furnished as a complete package,
considerable savings in instalation time and costs can be realized.

1If ground fault protection is required, QWIK-GARD circuit break-
ers may be used in all sizes except the 5 KVA, single phase.

Refer to Bulletin D-1F for more details.

SINGLE PHASE, 480 VOLTS PRIMARY 240/120 VOLTS SECONDARY, 2-5.0% TAPS FCBR

DIMENSIONS & Fﬁﬁgir;‘/ @ Seﬁ;gary Feeder Breakers
Catalog  |Weight Cireut Circuit | Maximum Number | Maximum

kval Nomoer |wela | 8 e Lo lelelo{nlulxiv|mln |sreeke | Breaker | 1PoleorzPole | Amos
FALz4020] Q0225

s |mpzsseor| os {255 | se2 | sez |2es [600 223 56| 122| 04 |1:32 182|352 {200 |0 hnss, | 28 Amps. dor2 20
N FAL26040| Q0250

10 |MPZ 10840F| 167 ]340 ] 12.3¢ | 11.85 | 3252 8.00| 29.7 8.1 1.50| .04 | 1.32 ] 1.68 ] 4.44 [1.50 40 Amps. | 50 Amps. gord 40
N FALZA0B0 | 01280

15 |MPZ 15840F| 202 |34.0 ] 12.34 | 11.86 | 3262 | 800|227 | 8.1 A.50| .04 [1.32 ]1.88 [4.44 | 1.50 60 Amps. | 60 Amps. 120t 6 60

25 Pz 25540F] 358 | 415 | 1660 | 1462 | 012 | 5.00| 373 {106 | 238|176 | 156 | 238 | ase | 200 [FAR4I00| CALZZS 200010 100

100 Amps. | 125 Amps.

THREE PHASE, 480 VOLTS APRIMARY, 208Y/120 VOLTS SECOND.

Maximum Number
ARY, 2-5.0% TAPS FCBN 1 Pole or 3 Pole

P - FAL34040 | Q1-350
15 | MPZ 15T2F{ 210 [31.08| 25.7 938 | 258 [140 1268 25| 9001112 | 76 (262 |4.00 }1.38 20 Amps. | 60 Amps. 12o0r4 40
- -, FAL34070 | Qi-380
225{MPZ 22T2F | 555 [358 | 298 | 136 3¢5 [16.0 {316 3.0 (105 [112 | 76 (262 |2.00 [1.62 70 Amps. | 80 Amps. 180r6 60
FAL34090 | FAL34100
30 MPZ30T2F| 625 |36.80| 29.8 13.6 355 [16.0 [326] 2.0 {105]1.12] .76 | 262 | 7.00 | 1.62 90 Amps. | 100 Amps. 24or8 80
Knockouts
. P R s T U v w X Y Z AA
MPZ 15T2F 3.00 12.3 2.70 1.44 — 1.28 238 1.20 — 6.08 1.00
MPZ 22T2F 3.00 14.1 200 1.44 1.26 1.33 2.60 2.20 7.20 $.70 1.25
MPZ 30T2F 3.00 16.1 2.00 1.44 1.26 1.38 2.60 2.20 7.20 9.70 1.25

SINGLE PHASE

@ DO NOT USE FOR CONSTRUCTION; CONTACT
SORGEL PLANT FOR CERTIFIED PRINTS.

@ Shunt trip can be provided on primary main circuit breaker
when tequired for fire department use. No change in simen-

sions. Contact factory or your local Square D distributor for
price and availability.

MINI POWER-ZONE — Trademark of Squate D Company
QWIK-GARD — Registered Trademark of Square D Company
QO — Registered Trademark of Square D Company

% CALe. W32 0-3]-0l5

ATTACHMENT: A
&H. loF 3

HNF-2488, Rev. 0

@ Squore D Company, 1984
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JANUARY, 1984 VHINT FUVYEN=LUVING

HY HY
Ao Volts Line votts | Cona. Line
480 H1-Hé 480 184 Hi-H2-H3
SINGLE PHASE 456 H2He THREE PHASE 456 | 284 | HiH2H3
Suitable for use as Service Equip 432 H2H3 Suitable for usc as Service Equipment L £32 1 283 1 WIHZHS

LV 208Y/120 X1-X2:X3
5 KVA Maximum Size of Secondary Breaker 20 Amps. (Total

current per secondary main bus not to excced 20 Amps.) If afl I 208 Yo 38 e L
breaker spaces are utilized, maximum current that can be dm\\:@ " = CEU] XI-¥2-X3

st 120 Volts Line to Neutral (XO}
through each is 10 Amps.

240 VOLT LINE TO LINE CIRCUIT 120 VOLT CIRCUIT 1 YT .
; ST . I ARRA A

. g‘ - - »....A ».‘.. D:.;.;lc‘ —1 _{x

i x3

, , : .

#..__

10 KVA Maximum Size of Secondary Breuker 40 Amps. (Total
current per sccondary main bus not to exceed 40 Amps.) If ail
breaker spaces ure utilized. maximum current that can be drawn
through cach is 10 Amps

240 VOLT LINE TO Ll\E CIRCUIT 120 VOLT CIRCUIT

e

Serer
oalue
2

== 1 somce o "

}.___
?

207

N
Type QO 2-Pele - s 2
«

15 KVA Maximum Size of Sccondary Breaker 60 Amps. (Total
current per secondary main bus not to exceed 60 Amps.) If ult
breaker spaces arc utilized. maximum current that can be drawn
through cach is 10 Amps.

p —
240 VOLT LINE TO LINE CIRCUIT 120 VOLT CIRCUIT - e

Type QO 2-Pule

25 KVA Maximum Size of Secondary Breaker 100 Amps. (Total
curment per secondary main bus not to excced 100 Amps.) If all
breaker spaces are utilized. maximum current that can be drawn
through each is 10 Amps.

240 VOLT LINE TO LINE CIRCUIT 120 VOLT CIRCUIT

cAaLe- w320 - 3l- 015
AT TACHMENT = A
sy, &2 oF D

Note: Atumir may be used except on the primary ground lesminal, This 18 the copper lerminal atiached 1o the case. A copper conductor must be used with this tesminal.

HNF-2488, Rev. 0 )
@snunnen COMPRNY Page B-13 3




TYPICAL SPECIFICATIONS

Furnish and install, as indicated on the electrical plans. Sorgel Mini
Power-Zone Dry-Type Package Power Supplies. or approved
equal.

Single phase transformers shall be 480 volt primary and 240/120
volt secondary. Three phase transformers shall be 480 volt primary
and 208Y/120 volt secondary.

Al transformers shall have.a minimum of 2-3% full capacity pri-
mary taps below normal and shall be rated 115°C temperature rise
above 40°C maximum ambient. All insulating materials are to be in
ac¢ordance with curtent NEMA ST20 standards for a 185°C UL
component recognized insulation system.

Transformers are (0 be encapsulated using a sand-epoxy resin mix-

ture to provide maximum protection against moisture, dust and
corrosive environments.

Package power supplies shall include integrally mounted and wired
primary and secondary circuit breakers in accordance with the
National Electrical Code requirements.

Branch circuit breakers shall be Square D Type QO or approved
equal. All breakers shall be plug-on type. Trip indication shall be
clearly shown by the breaker handle taking a position between ON
and OFF when the breaker is tripped and by VISI-TRIP® indication
consisting of a highly visible red tripped circuit indication.

Package power supplies shall be capable of being mounted horizon-
tally or vertically. A hinged access door shall be provided which
maintains itself in the open position when desired, and which has
padlock provisions to prevent unauthorized entry. All live parts are
to be fully enclosed for personnel protection when instailation is
completed.

All sizes shall be UL Listed for use as service equipment.

LIST PRICES
Single Phase Theee Phase
Catalog Catalog
\ Number Price Number Price

MPZ 5S40F s 925. MPZ 15T2F $2400.
MPZ 10540F 175, MPZ 22T2F 2975,
MPZ 15S40F 1525. MPZ 30T2F 3650,
MPZ 25S40F 2275.

All units stocked at Central Warehouse
Prices subject to change without notice.

CALGN.%ZO—%I—OI?

ATTHc HAGNT - A
SH. #3 oF 3

. HNF-2488, Rev. 0
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e Installation

and
Operating Instructions

REreaince  (Supredes PKASSZ)  PKAR5-3
181-048630-001

DATE MAY, 1886

Chromalox Explosion Proof Room Thermostat
Type W

SHT. L 72 -/78
Bldg. 772 0 3~/

R-80EP

care. WRRe-B-=l5
Arraenm AT B
SH. } of |

R CEORGE A, BRANT, INE,
P.O.ECX 788 + RICHLAND, WASH,
CONTRACT Ko, K- 220 (w0328,

TRANSMITTALNO, ___ 45

WR.SQEP
40 to 90°F,
UL Listed

Temp, Meximute Rating .
Catalog Range
No. " §, °F. 128y ¢ [1915-v dec| 240w ac [1230-v dc| 2774 a-c | 480y ac
. N 125va pilot 125va pilot 125va pilot
WR-BOEP| . 40.90 25 amps | duty fuse | 22 amps duty fuse | 18 amps | duty {use
or 3000 | withd | or 5280 | withr-n | or 8990 | with ac
. 10ta! waits } jrotal watts 1 {total watts | comsetor)
td.¢ ratings not UL listed
. wl= ik,
P T IR GENERAL

Positive accuracy, long and reliable scrvice, 3°* differcotial,
" Heavy-duty, single stage, SPST line voltage snap-acting switch.
Patented hydraulic element. WR-80EP hzs external, coiled sens-
ing clement and a low position which drops control poiat to keep
heater off, - - ’ ' :
Uses — Automatically controls room temperature by tming elec-
uic air heaters on and off. Can be used 10 control the air heaters
( dircetly, within thermostat rating, For higher ratings usc thermostat
With magnetic contactor. Place thermostat on inside wall, away
from undue heating or cooling influences, about 4 feet above the
floor. The explosion proof WR-S0EP is suitzble for Class 1, Group
D and Class I, Groups E, F, 2nd G locatjons,
NOTICE: Type WR thermostats are designed for temperature con-

B2 TRER Fuvie | Vimgant vt im Feernae P, e £q.

trol service only. Because they do not fail szfe, they should nc
be used for temperature limiting duty, .
CAUTION: Users should install adequate back-up controls an
safety deviees with their electric hearing cquipment, Where the cor
sequences of failure may be severe, back-up conirols are essen
tial. Although the sefciy of the installation is the responsibiliry o
the user, Chromalox will be glad to make equipmen
recommendations,

Principle of Operation — Contro! action of these thermostats j
provided through the principle of liquid volume change, With |
variation in temperature, the fiquid in the sensing element expand
©OF contricts, causing a bellows 1o actate the swilching mechanism
Housing — The contro} housing and cover assembly is of heayy
duty cast alurninum, ’

302l ass Fi
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Ll'ghtmg Fixtures

w

BITIMTEV SRS

v 2668 sup o6

SHT. MU -349

ol oAt

Application:

NFW fixtures are used:

 in non-hazardous locations where
protection is required from wet, dirty and
corrosive atmospheres

« where cleanlingss and sanitation are prime
factors, such as dairies, canneries, food
processing plants, bottling plants,
laboratories

« in dock areas for protection against salt
spray

Features:

 One-piece high impact fiberglass housing
provides durability and corrosion resistance
® Energy efficient ballast is standard

« One-piece prismatic acrylic lens for
resistance to accidental damage

« Plastic latches apply positive, uniform
pressure on gasketing to seal against dust
and moisture. Six latches per four foot unit.
« Mounting lugs for ballast and channel are
molded into housing

Standard Materials:

« Refiector housing and latches - reinforced
fiperglass

« Prismatic lens - acrylic plastic

o Gasket - closed cell neoprene
Standard Finishes:

® Fiberglass - pearl gray

® Acrylic plastic - clear

Size Ranges:

® 4 and 8 foot lengths

s 2and 4 lamp

Electrical Rating Ranges:
* 120 and 277 volt

* 60 hertz

* 40 walt

Certifications and

Compliances:.

* UL Standard: 1570

Options:

The following special options are available

IR from the factory by adding suffix to Cat. No.:

Suffix fo be

. Added to

Description Fixture Cat. #

@ Chain mounting assembly$ ......... CMA

@ ChainsSetsS ..veviiirarnnaooerensanns cs

» Low temperature ballast - rated 0°F

(AOWAIY s e e vneeeaians
® Fuse and holder (one per fixture)
o Suitable fof 220V 50Hz. . .........

» Electronic baliast .......civienn. . S801

* Two pairs of 4° lamps in tandem.
T 40 watt ballasts ate rapid start,

§ Chain sets not included. Order chain sets by adding C$
10 Cat. No.

January 1995

jiuio R~ 5B

ATTACHMENT 2 <
SH. } oF 3

cpc. W B2O-BIm0l5

Line Voltage Ltength 2Lamp 4 tamp
(60 hertz) Watts {Nominal-in Feet} Cat, # Cat. #
120 40 4 NFW4240
8 NFW8440*
277 40 4 NFW4240/277
8 NFW8440/277*
Lamps and Ballasts
Watts  Lamp Ballast Typet
40 Fa0 (T12 Med. Bi-Pin) 430 ma
Dimensions
02
562 .
‘ —d
8 ] .
" Se o g o oe- “
o 2l
Eight Foot Top View
52
i 283
49—~
1 N\ -Embossed spocers
o O o oo
[1@ 2 ° g Dj
Four Foot Top View
By xRNSO
T
: Tty
33
11:]h i
72..;
8
8-40 wolTR S

GEORGE A. GRANT, NG,

ogo BOX?BQOEWW
mmssémmn__i__.-.-—
REVIEWED BY

HNF-2488, Rev. 0
Page B-16

Copyright' 1995 Cooper Industties, Inc.




NEY Pk 1 IUUIGaLLilL

industrial Lighting Fixtures

CAte. Woee-3(-olo
ATTACHMEN T2 <

Photometric Data sH- 2 of 2 pre—
Fixture: NFW4240 Fixture: FMR4240
Lamp: 2-40/T-12 Lamp: 2-40/T-12
Zonal Degrees: 0-30 0-40 0-60 0-90 0-180 Zonal Degrees: 0-30 0-40 0-60 0-90 0-180
Zonal Lumens: 857 1394 2478 3678 4211 Zonal Lumens: 761 1300 2508 3826 4601
Total Bare Lamp Lumens: 3200x2 = 8400 Total Bare Lamp Lumens: 3200 x 2 = 6400
To determine number and placement of fixtures, To determine number and placement of fixtures,
see Lighting Selector Guide, pages L7 to 12, see Lighting Selector Guide, pages L-7to 12,
o * o o Candelas 3 Candelas
115 pe 2 T '25 II5*  Angle Along Across Angle  Aomd A
ol p - 1166 1166
105 % 105* 0 1141 1170 10 912 936
2 [ 20 1100 .1192 20 860 954
35° T1 1 tose 30 778 975
&0 o150 30 1013 1190 0 pohs 4
85 e 00w 50 466 912
0 g3t 2o 60 314 827
75° 75° 60 429 781 o Y69 b=
70 229 618 0 8 o
55* 65+ 80 107 o7 & 91 54
S 8 28 160 12 a3
55¢ sse 1% 12 & 110 1 367
neoo2og 120 9 261
ase e 1@ 5 120 7 s
b 3 E 150 1 15
160 [ 3
188 ! 3 170 0 0
35¢ 35¢ A 180 0 o
T T B0 5 15 25 w00
Coefficient of Utilization
Etfective Floor Cavity Reflectance 20% Effective Floor Cavity Reflectance 20%
% Reflectance Room Cavity Ratio % Reflectance Room Cavity Ratio
Eff. Ceil,.  Wall 1 2 3 4 5 Eff. Ceil, wall 1 2 3 4 5
50 71 61 54 A7 K 50 .69 59 51 45 .40
80 30 .68 .56 47 .40 .35 80 30 .65 53 44 38 33
10 .64 51 .42 35 .30 . 30 .62 .48 .39 .33 .28
50 £9 .80 52 .46 41 50 .66 56 .49 .43 .38
70 30 .66 .85 4B 40 34 70 30 .63 51 43 37 32 .
10 .63 .50 Al .35 .30 10 59 47 .38 .32 .27
S0 .65 56 49 43 .39 50 61 52 A5 .39 35
50 30 82 52 44 38 .33 50 30 58 48 40 34 30
10 .60 .48 .40 34 29 10 .55 44 .36 .30 25
50 61 53 .48 A1 37 50 .36 48 .41 .36 .32
30 30 59 40 . 42 36 32 30 30 .54 44 37 32 .28
10 57 46 38 .33 .28 10 .51 41 .34 .28 24
50 .58 50 44 .39 35 50 51 44 .38 330 .30
10 30 56 47 40 35 30 10 30 50 41 35 30 .26
10 54 44 37 31 27 10 .48 38 .32 .27 .23
0 0 52 42 35 .30 25 0 ] .45 36 .29 .25 21
% Reflectance Room Cavity Ratio % Reflectance Room Cavity Ratio
Eff.Ceil. Wall & 7 8 9 10 EH.Ceil. Wall 6 7 8 S 10
50 .38 34 31 28 .26 50 .35 32 .29 .26 24
80 30 31 27 25 22 .20 80 30 29 25 23 .20 .18
10 .26 23 20 .18 .16 10 24 21 .18 .16 .15
50 37 .33 30 28 .25 50 34 31 28 25 23
70 30 .30 .27 24 22 20 70 30 .28 25 22 20 .8
10 .26 .23 20 .18 16 10 .23 .20 .18 16 14
50 35 31 29 26 24 50 31 28 26 24 22
50 30 .29 .26 .23 21 18 Y 30 26 23 21 .19 A7
10 .25 22 .20 .18 .16 10 .22 .19 A7 15 14
50 .33 .30 .27 25 23 50 .28 .26 24 22 .20
30 30 .28 25 .23 21 18 30 30 24 22 19 18 .16
10 24 21 .19 A7 .16 10 .21 .18 16 A4 .13
50 31 .28 .26 24 22 50 27 24 22 .21 .18
10 30 27 24 22 20 .18 10 30 .23 207 18 a7 15
10 24 21 19 47 15 10 .20 A7 15 14 g2
0 0 22 19 a7 15 14 0 [ .18 .16 14 A2 A1

Copyright* 1995 Cooper Industries, inc.

HNF-2488, Rev. 0
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ELECTRDNIC BALLASTS
. UShaped Lamps
RAPID START csghe Longs C(___:—_:D
Y v'? NORMAL LIGHT OUTPUT @ L T T
g SER!ES ) 4 @ SOUND RATED A
F30T12
zg ig | 20 | AEL-1S40-RH-TP gi: Z
1 3 - - 085 | <20 | >096 1
i 60 277 VEL-1840-RH-TP 010 2z
30 50 " 012 31
i &0 120 REL-2S4C-RHTP 041 -1 48
, 30 50 051 60
2 3 - 085 | <20 | >0.98 2
% 80 277 1 VEL2S40RHTP 018 | 48
30 50 i ) 0.22 60
i B 18 oy i pmsioAwT - oes | %0
o 30 50 : 7078 90 _
3 3 - . : 095 | <20 | >087 3
; 235 1 8 o LSRR TP 7030 80
| 0 1 50§ : s "o | 0
F40T12 & F40T12/U
3 i .
! BN ML RSP REL-18:0-RH-TP Lozr | %t
o 20 1 50 | : 033 38
10 -~ : - 090 1 <20 | >0.98 1
. T N e
; ® 1 50 ¢ ; e T 044 38
] 34 4 60 ~ o AT T 051 0
: R 120 x REL-2840-RH-TP —e 2
3 2 ¥ _—33—-——2%—— 77 VEL-2$40-RH-TP 022 £0 087 | <0 | 5088 i 2
3 { 31 80 '
247 35L-2540-RH-
! e GEL-2540-RH-TP
j S L8 g ¢ RELISIART
PO 4 59 .
i 33 1 60 e
| T ar VEL-350-R4-TP
Fig. 1
BALLAST
fig. 2
BALLAST caLe- W 220 ,3/’°{g
ATTACHMEN T- C
. oF 3
= —— HINF-2488, Rev. 0 st 3
‘459 e Page B-18
fig.3
Refer to pages 144 to 145
for lead lengths and shipping data
ADVANCE, 10275 WEST HIGGINS ROAD, ROSEMONT, IL 60018. TEL: (708) 390-5000, FAX: (708) 390-5109 A 6
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ILLUMINANCE SELECTION

Fig. 11-1. Currently Recommended llluminance Categories and llluminance Values for Lighting Des:gn—
Targeted Maintained Levels

The following table is a consolidated listing of the IESNA's
current illuminance recommendatons, This listing is intendad to
guids the designer in selecting an appropriats lluminance.

Guidance is provided in twa forms: (1), in Parts ], lfand lll as

.0 lluminance Category, representing a range of ifluminances;

i
i
1
t

% and {2), in Parts IV, V and Vi as an /lluminance Valve.
“uminance calegories are represenled by letter designations A
through |. flluminance Values are given in Jux with equivalents in
footcandles and as such are intended as farge! values with
deviations expecied. These target values also represent
maintinedvalues.

This tzble has been divided into six parts for e2se of usa, Part |
lists both Hluminance Categories and Hiuminance Values for *
generic types of interior activities and nomally is to be used
when llluminanca Categories for 2 specific Area/Activity cannot
be found in Parts Hl and lll. Parts [V, V and V! provide target
maintained fluminancs Values for ouldoor facilities, sports and

ionzl areas, and rtation vehicles where special
considarations apply as discussad.

In aff cases the recommendations in this table are based on the
assumption that the fighting will ba properly designed to taka into -
account the visual characteristics of the task.

1. lluminance Categories and llluminance Values for Generic Types of Activities in Interiors

Hluminance

Ranges of lliuminances

Type.of Activity Category Reference Work-Plane
¥ Lux Footcandies
Public spaces with dark surroundings TA 20-30-50 2-3-5
Simple orientation for short temporary B 50-75-100 5-75-10 General lighting
visits throughout spaces
' Working spaces where visual tasks are C 100-150-200 10-15-20 )
only occasionally performed
Performance of visual tasks of high con- D 200-300-500 20-30-50
trast or large size )
Performance of visual tasks of medium E 500-750-1000 50-75-100 Hliuminance on fask
- contrast or small size
Performance of visual tasks of low con- F 1000-1500-2000 100-150-200 -
trast or very small size .
+ Performance of visual {asks of low con- G 2000-3000-5000 200-300-500
trast and \;96' small size over a pro-
longed period B liluminance on task,
Performance of very prolonged and ex-  H 5000-7500-10000 500-750-1000 obtained by a com
acting visual task g
and local (supple-
Performance of very special visual tasks { 10000-15000-20000 1000-1500-2000 mentary lighting)

of extremely low contrast and small

size
Il. Commercial, Institutional, Residential and Public Assembly lnle‘riors
e Hluminance " Hluminance
Area/Activity Category Area/Activity Category
Accounting (see Reading} Churches and synagogues .. (see chapter 17)*
Alr terminals (see Transportation terminals) Club and Jodge rooms
Armories ..iieeiiiiiaiaiann, PP < Lounge and reading ..... Ceveeiiaeea ... D
Art galleries (see Museums) Conference rooms
Audltorlums Conferfing. ..cvovreeraneannnnes ... D
Assembly L. ...oiiiieiiiieiiiiaa.. e C Critical seeing (refer o individuai ‘aSk)
SoCial ACHVILY + v vnveeeaeanencennes ceel. B Court rooms
Banks (also see Reading) Seating area.....
Lobby Court activity area
General L...iiiiiiiiiii i, C
Writing ared ........... D Dance halls and discotheques ...............
3
Tellers’stations +.vvvveveavererevesenaesnes E Depots, terminals and stations
Barber shops and beauty padors............. E (see Transportation terminals)

For jootnotes, see end of table.

_Calevletion - W320-3/-0L5"
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BQ 2-200 | General

tcandles No. of fixtures X Iamps per fixture x lumens per Iamp x coefficient of utilization -+ square fee
2 Maintained footcandles initial fooicandles X mamtenance factor e :
3 Wans per square foot = No of f xtures x lamps x (lamp watts + banast watts) - square feet

Based on good reflectance and clean conditions:
Lumens per famp = 40 watt cool white at 3150 lumens per Iamp (Table C9.2-251) + . + = o cmi
Coefﬁcuent of utilization = .42 (varies from .62 for light colored areas to .27 for dark) :
Mainterfance factor = .75 (varies from .80 for clean areas with good maintenance to .50 for poor} _
Ballasf loss 8 watts per Iamp (Vanes with manufacturer See manufacturers c«ialog )

[ L -
“1. Initial footcandles: - - . L . . -

11x4x3150x.42 _ 58212 _ . e
700 =200 145f_ootcendles o L N .

2. Maintained footcandles:
145 x .75 = 108 foolcandles

3. Watls per S.F.

11x4x(40+8)_ 2112
400 400

= 5.3 watts per S.F.

To ﬁnd foolcandles and watts per S.F.for an office 20' x 20" with 11 ﬂuorescent fixtures each havmg 4—40waﬁ C W, Iamp&

" Table 9.2-205 Approximate Watts Per Square Foot for Popular Fixture Types.

A B c

N Y

I Y O V4 I 7

36.0 - / // ' /

Jer '{/ / P

120

10 ////i/

Maintained Footcandles
I~
\\
N
N
. \ \ .
NE
YN

® ////// —

L4 Ny / L
W=z
2 =
L 6 8 10 12 14 18 . 18. . 2.

e s oo Approximate Watis Per S.F.

Due to the many variables involved, use for preliminary estimating only:
A. Fluorescent — industrial System B9.2-212

B. Fluorescent — lens unit System B9.2-212 Fixture types B & C

C. Fluorescent — louvered unit

D. Incandescent — open feflector System B9.2-222, Type D

E. Incandescent — lens unit System B9.2-222, Type A

F. Incandescent — down light System B9.2-222, Type B

From: Means Electrical Cost Data 129/ HNF-2488, Rev. 0
Calewdation . W32a-3(1-015" AHachment £ Page B-20
250 a Dbeet [ of 3
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B9.2-212 Fluorescent Fixture (by Type)
Design Assumptions: and 6300 lumens for 8' slimline
1; A 100 footcandle average ’ lamps, )
. maintained level of illumination. .= 5. Four 40 watt lamps per 4’ fixture
A. Strip Fixture B, Surface Mounted 2. Ceiling heights range from 10 11, and two & lamps per & fixture.
. 11 3. Average reflectance values are 6. Average fixture efficiency values
TN assumed for ceilings, walls and " and spacing to mounting height
= floors. ratios.
4. Cpol white (CW) fluorescentlamps 7. Installation labor is average U.S.
C. Recessed D. Pendent Mounted with 3150 lumens for 40 watt lamps rate as o.f_January 1
- COST PER S.F.
System Components quanTiTy| NIt [TWAT. T WST. [ TOTAL
SYSTEM 09.2-212-0520
FLUORESCENT FIXTURES MOUNTED 911" ABOVE FLOOR, 103 FC
TYPE A, 8 FIXTURES PER 400 S.F. .
teel intermediate conduit, (IMC) %’ dam 404 LF N 29 1.20 1.58
Wire, 600V, typs THWN-THEN, copper, solid, #12 008 | CLF .05 .21 2
Fluorescent strip fixturs 8 long, suriace mounted, two 75W SL 020 Ea, 1.8 g7 2
Steel outlet box 4 concrets. 020 Ea, .10 2
Steel outlet box plate with stud, 4” concrete 020 £a, 04 v 11
TOTAL 1.61 275 4.3
. COST PER S.F.
9.2.212 . Fluorescent Fixtures (by Type) AT ST | T0TAL
520 Fluorescent fixiures, type A, 8 fixtures per 400 S.F. 1.61 2.75 4.3
0550 11 fixtures per 600 S.F, : ' ) 1.51 267 4.18
0600 T 17 fixtures per 1000 S.F. . 1.47 262 4.0
0540 23 fixtures per 1600 S.F. . 1.30 L8 3.79
0620 28 fixtures per 2000 5.F. ] 1.30 2.9 379
0720 41 fixtures per 3000 S.F. ) ’ 1.27 2.4 3.75
0300 53 fixtures per 4000 S.F, . 1.25 2.2 3.67
0840 "64 fixtures per 5000 S.F. . 1.25 2.82 367
0880 Type B, 11 fixtures per 400 S.F. . . 3.37 R:¢] 7.30
0320 15 fixtures per 600 S.F, . . 3.3 3.78 6.87
0s50 24 fixtures per 1000 S.F. : R 3 EX7] 6.77
100 .35 fixtures per 1600 S.F. ) ) 2.80 3.5 6.33
1040 42 fixtures per 2000 S.F. -273 3.8 6.35
1030 61 fixtures per 3000 S.F. ’ 2.76 3.47 .23
1180 80 fixtures per 4000 S.F. 2,63 357 . 620
1200 ) 98 fixtures per 5000 S.F. : 262 354 616
1240 Typs C, 11 fitures per 400 S.F. 275 48 7.04
1280 : 14 fixtures per 600 S.f. 2.40 4011 - 641
1320 23 fixtures per 1000 S.F. - 2.39 3.8 6371
| 1350 | 34 fixtures per 1600 S.F. : 2.29 EES 6.22
1400 43 fixtures per 2000 S.F. ) 232 EC] ]
1440 83 fixtures per 3000 S.F. 2.2 384f 80
1520 81 fixtures per 4000 S.F. ; 2.18 378 5.9
1550 101 fixtures per 5000 S.F, . 298] a7 5%
1600 Type D, & fixwures per 400 S.F. . . i 268 .38 5.9
1849 12 fixtures per 600 S.F. Calculatinn -W320-3/-0/5 267 am| - s
Teap 18 fixtures per 1000 S.F. . o 2% 31| 515
720 o7 ftures per 800SE. S Hchment £ .. 238 a0} - . 548
1760 34 fixtures per 2000 S.F. 2.37 30| - 1544
1150 | Sixuesper300SE. Sheel 2 of 3 .. 26| 2m} 525
::50 &4 fixtures per 4000 S.F. R ' ) z.z z_z: 2::
: 20 79 fixtures per 5000 S.F. HINF-2488, Rev. 0 2. sk

Page B-21




Type C. Recessed, mounted on grid
ceiling supsension system, 2' x 4', four

59.2.213 | Fluorescent Fixt. (by Wattage)|

40 watt lamps, acrylic prismatic.

" diffusers.

5.3 watts per S.F. iﬁ 100 footcandles.
3 watts per S.F. for 57 {ooicandles.

System Components

COST PER S.F.

QUANTITY| UNIT MAT. INST. TOTAL | .
SYSTEM 09.2-213-0200 . ;
FLUORESCENT FIXTURES RECESS MOUNTED IN CEILING
1 WATT PER S.F., 28 FC, 5 FIXTURES PER 1000 S.F.
Steel intermediate conduit, (IMC) %%* dizm 128 L.F. a2 .33
Wire, 600 volt, typs THW, copper, solid, £12 013 CLF. .02 <l
Flisorescent fixture, recessed, 2'x4*, four 40W, wilens, for grid ceiling 03 Fa, 35 3
Steel outiet box 4° squers ’ ' ) s Ez .03 7.
Fixture whip, Greenfisld w/E12 THHN wire - 005 Ea. .01 R
e TOTAL .53 88
COST PER S.F.
8.2.213 Fluorescent Fixtures (by Wattage) VAT ST | TOTAL
0190 | Fluorescant fixtures recess mounted in ceiling )
0200 | 1 wat per SF., 20 FG, 5 fistures per 1000 S.F. 53 £ 1413
0240 2 waits per S.F., 40 FC, 10 fixtures per 1000 S.F. 1.05 174 279
0280 3 watts per S.F., 60 FC; 15 fixiures per 1003 S.F 1.58 2.62 42013
0320 4 watts per S.F., 80 FC, 20 fixtures per 1000 S.F. .09 3.47
0400 5 watis per S.F., 100 FG, 25 fixtures per 1000 S.F. 2.61 4.35

C /el é_f/'oq  W320-3/-0/$

/(;)/chAmenf E

Sheed 3 oF 3

252

HNF-2488, Rev. 0
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‘Dry-Type Distribution Transformers

‘Technical Data -~

Typical Data for 600 Volt Class Dry-Type Transformer

Caleulation  €)-320-31-018-~ -~
ﬁﬁ&c;ﬁmen'é F

Sheet_ L of /

kVA Type | Deg.C | Di {in.} Losses in Efficiency % Regulation
Rise Watts
Height | Width | Depth | Weight | Weight | N.L. Total Y% % ¥ Full 100% | 80% | % imp.
{Alum) | {Cu.) load | Load | Lload | Load | P.F, P.F.
Lbs. Lbs.
0.25 | EP 80 7V 4% 4% 12 13 36 | 80.0 82.0 85.0 87.5 9.2 8.0 8.24
0.5 80 TVe L) 4% 13 20 45 | 85.2 90.5 91.8 91.8 5.07 454 | 512
0.75 80 8% 8 5% 20 21 54 | 831 82.8 93.5 93.3 4.14 3.33 | 4.44
1 80 8% 6 5% 30 28 71 ) 952 86.0 96.0 95.1 4.08 3.62 | 418
15 80 10% 6% 6% 40 37 82 | 845 5.5 95.1 843 383 3.60 | 3.70
2 80 10% 6% 34 40 37 97 | 954 96.5 96.4 86.0 3.18 3.30 { 3.42
3 115 14% 7% 8 65 69 74 144 | 85.0 96.3 96.3 85.9 3.25 3.50 | 3.53
-» 5 115 16 0% 9% 13 120 104 201 | 96.6 $7.35 | 97.2 96.85 | 2.58 250 | 2.64
7.5 115 16 0% S% 123 133 149 271 | 97.0 97.65 | 97.5 97.15 | 2.31 250 | 2.54
10 115 19 13% 10% 183 208 160 317 | 864 87.3 97.4 97.25 | 1.95 210 | 238
15 115 19 13% 10% 216 235 230 454 | 976 88.15 | 88.1 97.8 1.7 1.80 | 1.85
25 115 22%s 16% 14% 385 414 284 550 | 87.3 88.0 88.0 87.8 1.18 1.63 | 165
3 EPT 115 13% 15'%s 8%s 116 123 121 189 | 84.2 | 9475 | 840 82.9 6.73 7.8 7.83
6 115 15% 16% 9% 143 153 140 288 | 836 85.3 95.2 84.8 3.35 3.6 3.7
8 115 15% 16% S%h 166 178 189 412 | 860 96.8 86.7 96.2 3.07 3.4 2.96
15 1185 17% 19t%e | 10%¢ 275 300 216 534 | 969 875 87.4 97.0 2.38 281 | 28
30 115 26% 25% 12% 422 504 229 681 | 86.7 87.8 87.8 97.8 1,51 212 | 214
25 DS-3 | 150 37% 22% 20 310 360 200 1050 | 96.1 95.8 96.6 96.0 3.5 4.0 4.0
315 - 150 43% 2% 20 375 450 250 1550 | 96.1 96.8 96.5 96.0 3.5 5.1 5.2
50 “Ts0 43% 2% 20 425 500 200 1950 | 95.8 7.2 96.8 86.2 3.5 5.9 6.6
75 _] 150 52% 26 26% 635 725 350 2750 { 92.7 98.2 98.1 87.8 2.1 5.5 7.6
100 } 150 52% 26 264% 725 825 450 2850 | 87.7 7.9 87.6 97.5 2.7 5.7 7.3
167 s 82% 30 34 1200 1350 750 3250 | 7.8 88.3 88.3 98.0 1.7 5.1 6.8
- 15 DT-3 | 150 25 20% 4% 152 172 150 875 | 85.0 95.5 95.3 94.5 4.8 5.0 5.2
30 150 30% 20% 4% 230 300 200 1600 | 86.3 6.5 95.9 95.0 4.7 5.6 5.6
45 150 30% 20% 14% 310 370 300 1900 | 965 $6.9 96.5 96.1 3.7 4.5 4.5
75 150 37% 26% 19% 480 550 400 3000 | 97.0 97.2 96.8 96.1 3.6 4.8 4.3
1128 150 3% 26% 19% 600 675 500 4300 | 87.3 97.2 96.6 85.8 3.9 5.8 5.9
150 150 46% 26 20%s 760 850 600 6700 | 97.4 97.2 96.5 95.7 3.8 5.7 6.2
225 150 56 31% 24% 1100 1200 700 8600 | 87.9 §7.7 97.0 86.3 3.7 6.0 6.4
300 150 56 31% 24% 1300 1750 800 10200 { $8.2 97.8 87.4 97.6 3.4 6.3 71
500 150 75 44% 36 2400 3100 1700 9000 | 984 98.7 98.6 8.4 1.5 4.2 5.5
750 150 75 44% 36 2900 3600 2200 11700 | 984 98.7 88.7 98.5 1.5 4.7 63
1000 150 75 47 41 4000 — 2800 13600 { $8.6 98.8 88.8 98.6 1.2 4.7 8.5
15 115 25 20% 14% 152 172 150 700 | 953 96.3 £6.1 g5.6 3.8 5.1 5.2
30 115 30% 20% 14% 230 300 200 1500 | 96.4 96.8 96.1 95.3 4.3 4.5 5.3
45 115 30% 20% 14% 310 370 300 1700 | 867 87.2 86.9 96.4 31 3.7 3.7
75 115 374 26% 8% 480 550 400 2300 | 87.3 87.7 97.5 97.0 2.6 4.0 4.6
1125 115 3% 26% 18% 600 675 500 3100 | 97.7 $8.0 97.7 97.3 25 5.5 8.5
150 115 46% 26 20%s 760 850 600 5800 | 87.8 87.9 87.5 97.1 3.8 5.9 6.2
225 115 56 31 24% 1100 1200 700 6000 | $8.2 88.2 97.9 97.4 2.5 5.7 7.2
300 115 56 3% 24% 1300 1750 800 6600 | 98.4 98.5 98.2 $7.9 2.1 5.0 6.3
500, 118 75 4% 36 2400 3100 1700 6800 | 984 98.8 98.8 98.7 1.2 4.1 5.5
15 80 30% 20% 14% 230 300 200 500 | 945 96.4 96.8 86.8 2.0 2.2 2.3
30 80 30% 20% 14% 310 370 300 975 | 955 96.8 97.0 96.8 2.3 2.9 2.9
45 80 37% 26% 1%% 480 550 300 1100 | 97.0 97.8 97.8 87.6 1.8 28 |.28
75 80 37% 26% 18% 600 675 400 1950 | 97.5 97.8 97.8 $7.4 2.2 3.5 3.7
1125 80 484 .26 20%s 750 850 600 3400 | 97.3 97.7 97.4 97.0 2.6 4.1 4.3
150 80 56 3% 28% 1100 1200 700 3250 | 97.8 98.2 88.1 97.8 1.8 3.6 4.1
225 80 56 3% 24% 1300 1750 800 4000 | 98.2 98.6 98,5 98.2 1.6 4.2 5.3
300 80 75 44% 36 2400 23100 1700 4300 | 976 $88.4 $8.6 98.6 1.1 2.7 41
500 80 75 44% 36 2900 3600 2000 5500 | se.9 $8.9 98.8 98.2 1.2 4.0 45 -
HNF'2488> Rev. 0 Catalog Reference 47-000
116 July 1991
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600 Volt. Copper Conductor, Thermoplastic Insulation/Kyion
Shoath, Hea?, Malsture, Ol & Qascline Reslstant!, Alt Bizes

Rated THWN.2. All Stranded 8izen Rated MTW. AWQ Blsas. 44,
Through 8 AWG Rated AWM {105°C). AWQ Slzes 14

226 68 SUF’O 29 1 Rated VW-1 and Larger Sizes-Bated for CT Uss.

SHT. _>50-25/(
Bidg. —Me>u .

{ (

APPLICATIONS
Southwire Type THHN or THWN-2 conductors are primarlly usad in condult and
cable trays tor servicas, feeders, and branch clreults in commercial or Industrial
applications as specified In the Natlonal Elactrical Code?. When used as Type
THHN, conductor Is suitable for uss In dry locations at temperatures not to
sxceed 80°C. When used s Type THWN-2, conducior Is suitable for uss In wat
or dry locations at temperatures not to exceed $0°C or not 1o exceed 75°C when
axposad to oll or coolant. When used as Typs MTW, conductor Is sultabls for
use In wet locations or when exposad to oll or ¢coolant at tamperatures not to
axcasd 80°C or dry locatlons at temperaturss not to exceed 80°C (with ampadty ’
limlted to that for 75°C conductor temperature psr NFPA 79). Conductor
temperatures not to exceed 108°C In dry locations when rated AWM and usad as
eppliance wiring materlal. Voltage for all applications Is 600 voits.

BPECIFICATIONS
Southwirs Type THHN or THWN-2 or MTW (also AWM) meets or sxceads all
applicabls ASTM speclfications, UL standard 83, UL standard 1083 (MTW),
Federal Spacification J-C-308, and requiraments of the Natlonal Elactrical Code:

CONSTRUCTION
Southwire Type THHN or THWN-2 or MTW copper conductors ars annsaled
(soft) copper, Insulated with & tough, heat and molsture resistant polyvinyl
chloride (PVC), over which a nylon (polyamlide) or UL-llsted equal jackst Is -
applled, -Avaliable In black, white, red, blue, green, ysllow, brown, orangs, or
grey. Somse colors standard, soms subject 1o sconomlc ordst quantity. S(zas
1-18 through 1,000 kernil avallable In black only.

* Ol and greoline recistancs Il 83 dafined by Underwriters Laboratedss.
* 1884 Editon,

RS S T
@ sleﬂIwire @ a& @ Prinied 0n Recyclad Papae é;’g:m m”ﬁ?-

H.
P.0.BOX 789 RICHLN\D \’W\S’ZZO)
HNF-2488, Rev. 0 )
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SALC W B2 o-3( 018
ATTA<HAEN T2 G

THHN L

¢ - Allowsbls
X ominsl Approx, Net
Condustor Inaulxl Jacket N o0 \\mum Por Ampacitiess
Thickness | Thickness s Stndard
filza Ne. (miis) 1000 (v} Packago
awaer [o {milte) (mils} 80°C | 75°C |80°C
kemii) 8ol | Bir, | 8ol | Sir, )
14 18" 15 4 102 108 15 16 15 15 18 ONF*
12 19 15 4 119 128 23 24 20 20 20 DNF*
10 197 20 4 150 181 57 38 30 30 30 DQFA
g 19 30 5 212 63 40 50 .13 F
~g 18 8o 5 250 85 &5 €5 75 =3
4 18 <0 8 319 153 70 88 05 c
8 19 &0 5 346 188 8s 100 § 110 BC
2 18 40 6 378 234 g5 115 | 130 c
1 1% &0 7 435 300 | 110 | 180 { 150 B
w0 18 50 7 474 872 | 125 | 150 { 170 B
2R 19 50 7 &8 463 1 145 | 178 | 185 -] s
ko) 19 50 7 838 876 | 185 |. 200 | 225 8
40 18 &0 7 624 719 | 185 | 230 | 260 . B
250 37 80 s €54 849 | 215 | 255 | 280 8
300 37 €0 ] 74T 1010 | 240 | 285 | 320 8
320 a7 €0 8 797 11721 250 | 310 | 330 8
ADD 37 2] 8 842 13321 280 § 335 | 380 B
<o) 7 €0 8 928 1882 § 320 | 380 | 430 B
80 61 70 8 1024 1680 | 355 | 420 | 475 C
750 81 70 g 1128 2468 | 400 } 475 | 535 c
1000 ¢ 81 70 ] 1275 3283 | 485 | 545 | €15 <
T Gold CONINCHON Avalsbi4 in B2ee 14, 12, & 10 as Types THHN of YHWN-2 of AWM only. . STANDARD PACKAGE CODE: :
Ao Mladie K¢ 108°0 aclinnoe wxing materal (AWN). E= 1000
* Four SO ADOCIA PAT 2ANOA, - C = 80 Rosl
A Two 200" 4000k Des caRon, D = 256 Spool
+ Alowabls Arpesiiec € = 1007 Gpoct
‘shown are Sor pendral Use 23 8pA2INEd By the Nationa! Elecineal Code, Fus00
190 Caion, section 81018, N 2000 Canon
+ Whee tenminetsd 1 eqoipmen for elrpuits rased 100 GTDOAS OF loss OF A 1 114 O w250 Canton
Ihrough §1 conduziors. MTW wet locations o when exposed (0 oll of cooum. :
25°C « When erminaled 15 equipment tor Souits raied over 100 ampoces of marked ot
m-WM 1. THWN-2 when axpored 10 ol o sookant, MTW ory
K9G - THHN day locstiond, TRWI-2 wat or Ory kocations,
ARAWS $izs T4 thesogh T rated YW1, Lacper sizes maied for CT Use,

RECOMMENDED BAMPLE SPECIFICATIONS!

(MTW OR THHN OR THWN:2)

Conductors shall ba UL-listed Type MTW or THHN or THWN-2 gasoline and ol resistant Il, sultable for operations at 600 voiis as
spechied In the Natlonal Electrical Code, AWG slzas 14 through 1 shall bs rated YW-1, larger sizes ghall be rated for CT use.
Conductors shall bs anrsaled coppar, Insuiated with high-heat and moisture resistant PVC, jacketed with gbrasion, molsturs, gasoline,
and ol realstant nylon or UL-isted equivalent, as manufactured by Southwlire Company or approved squal.

(AWN) .
Conduetors shall ba Ubsllsted Type THHN or THWN-2 or MTW of AWM, sultable for opatation at 00 volts &t conducior tsmperatures
not to excesd 105°C.

: . i o RO, ‘m ":g
Camolron, GA USA 3011
@ Southwire HNF-2488, Rev. A
’ Page B-25




42] From: Shana L Sovern at ~WHC160 5/17/94 2:55PM (1774 bytes: 33 1n)
-0: Daniel E Larson at ~KEH13, Timothy J Kasnick at ~WHC61
‘ubjeet: CODE QUESTION

Message Contents

Dan,

NEC Art.310, table 310~16, the heading for the ampacity of
conductors is for not more than three conductors in a
raceway and is based on 86 degrees F. If the ambient
temperature is subject to vary appropriate multipliers are .
given on the correction factor table below table 310-16.
This applies only to the ampacity of that conductor in that
wireway.

NEC Art.110-14(c) applies to where the termination of the
conductor is made. If the circuit breaker is rated for 60
degree at the termination, the allowable ampacity of that
wire is then taken from the 60 degree column of table
310-16.

Hope this answers your question.

Thanks, Shana Sovern

Several weeks ago I asked you a question having to do with
the connection between two sections of the code; NEC 110-14
(c) Temperature Limitations and ampacity Table 310-16.

You did a good job of explaining that the two areas are like
"apples and oranges." The table is meant for cables in
raceway or earth and is not meant for the temperature
Timitation criteria of 110-14 (c). They are to be Tooked at
separately.

I was Eoping to have a CC:mail verifying what we discussed.
Yould you please send me one? I've had this discussion with
several people and a cc:mail would put it to rest.

Thanks: Dan Larson

_Calewlation 320230008 oo
Atachmente S e —
Sheel S o h

HNF-2488, Rev. 0
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Qutdoor Energy-Dollar Saver

Check-Chart
Annual
Dollar
Use Voigt Warns Saving
Wall-Most Saved for
i for Equivalent | for Each] Nighty
- ‘ .M You Now Use Lighting Unit Use
or Plan 10 Use Resulis—Instead | Used [(6¢/Kwhr
| 1-300 Want Incandescent No. 0-36 240 58
Fish Bow] Unit (35 wast}
3-130 Weni Inc. Reflecior No.0-36 370 89
Lamp Cluster {55 wati)
1-500 Wait Inc. No.0-36 420 101
Quanz Floodlight {55 wait)
1-1000 Wait Inc. No. 0-39 780 187
Quaniz Light {180 wat)
1-175 Want Mercury No.0-36 125 30
Vapor Well-Unit (35 wes) ) -
1-400 Warnt Mercury No.0-38 275 . 66
Vapor Well-Unit {135 wan} .
1-400 Watt Me:2) Helide No.0-32 | 245 59
Wall-Unit {180 wan} -
1-250 Wazt H.P.S. No.0-38 132 32
Wall-Unit {135 wen)

Whether you seek to.

Protect visitors in a parking Jot

Secure a fence against intruders

Highlight a building entrance
- . Provide visibility for your watchman
Pour light into a loading 18-wheeler

Or

Assure proper T.V. surveillance lighting
The Wall-Most family does it exceptionally well
and atiractively using fewer watts and often for a’
much smaller dollzr outlay. . .

2

-ty

& HNF-2488, Rev. 0
Page B-28

Sheet R 2

Installztion, even under adverse outdoor condi-

tions, is remarkably easy; with all mounting bolts
and wire splices fully a2ccessible as lens & reflec-
tor slide out of the way.

Internally mounted uplight shield can be field in-
stalled or removed at any time (SD-1 shown
with 0-36).

_— _Relarﬁping is accomplished through fully-gas-

keted door in end—keeping optical chamber
sealed against bug and dirt entry.

Polycarbonate lens resists brezkage: Absence of
ultraviolet in L.P.S. source eliminates lens
embrittlement and yellowing over time.



VOIGT PHOTOMETAIC TEST REPORT
It I Pty
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oarme Voigt Wal-Most  No: 0-36-129
e o3 Do Shet < Vs Prams L 3 Pt

Wide beam spread of Wall-Most achieves cover-
age of Jarge areas adjacent to buildings and
mounting walls.

DISTANCE OUT FROM WALL G7.}
0 2 4 6 8 2 % % 3 » 22 4 %

DISTANCE ALONG WALL (FT.}

Arachmest L HNF-2488, Rev. 0
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Larger (90 through 180 watts}) Wail-Most have a
more sharply defined distribution of light—to
cover even larger areas, For 135 watts prorate
data by multiplying factor of 167. For 180 watts

multiply by 2.44.

Aesthetic elegance of Wall-
Most can be enhanced by
versions in black — or
other architectural
color finishes as de-
sired. Simply specify
color.

Additional Wall-Most notes.

Long luminous arc size, for

all lamps, spreads the light over the entire Wall-
Most lens face—reducing the viewing bright-
ness—so that unit is comfortable to look at—
even when viewed directly. JRE

%
The yellow monochromatic light of Wall-Most

does not attract bugs to your building. The light,

; B
FootcandleIsolux
Top View of Footcandles on Ground From
Single Unit.
_I\Q_ounting Height - 15/-0*
rrom: Voigt Wall-Most™ No. 0-36-120 with 55
watt Low Pressure Sodium Lamp. - = 77
(Data: Electrical Testing Laboratories Test
No. 440926).

however, does penetrate smoke, haze, fog-& °
smog more forcefully than other sources of
illumination.

Unique prismatic lens structure precisely de-
signed for twin Arc L.P.S. source, significamly
zids in control of light into efficient beam pat-

tern; and optically disperses source for greater
comfort.

!I\T(‘,)

ser) O O
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‘Ba51c Wall- Most

ey Torapninart o Soetia Orird

Spec1ﬁcahon and Ordenng Informatxon

: Sl ores o Dymerien Approx.
CATALOG | Nominal | - FrontView a dnches Weaight
NUMBER | Lampwarn | , Slhovene alslc] o ;(u.m Lo,
tom
0-34000‘ 18 108} - | - 8 |15
55 ———
OR i 20/8| - | - 8 |2

0.37-000%

Wai!‘Mos't with exposed portions 036 . (,-/
wholly made of extruded and cast L
2luminum 2nd trensparant polycar- *‘:;::’{ =
bonate lens is the standard for ! 1
srength and durability in outdoor ! i
wall mounted- luminaires. -0~
Optional Accessories 034
CATALOG
NUMBER Description
SUFFIX -

Twist-Lock Photocell Receptacle

Intemally Mounted Photocell {120 volts only}

Muld-Tep Ballas (120, 208, 244 & 277 volts}

* Unit without ballast to allow remote mounting

Emergency Lighting Socket for 15 wait
Bayone Base, T-7 Inc. Lamp

Listed by Underwriters Laboratodies, In&
Uns: cam,v LBEW Ia}

Page B-30

'Sp«:‘y vokage nquxtd 7120, 208, 240, 277«480!.( Ne.

Fee add.‘ﬂonal xcr.\na! or appBcation data or actual dcmonmﬁcn o the
Wall-Mest contact Voigt L!ghﬁng lndmhs. Inc. Hudqumcn,

HNF-2488, Rev. 0

\oigt Lighting Industries, lnc.

" Single Fuse

Double Fuse

* Black Painted outside finish -

Painted Finish—spedify color - **

- TP - Vanda] Resistant, Tamper-Proof Scews
$D-1 Internal Shield for 0-36
SD-2 Intemnal Shield for 0-37  “ * ST
SD-3 Internal Shield for 0-38
SD-4 Internal Shield for 0-39

Fee addional accessories information contact Voigt Engineesing Depan
mmt. C-oa: lor opoom! accessories available on request. .

Hudqumm Location
135 Fort Lee Rd.
Leonia, N.J. 07605
201-461-2493

Manulacturing Locaton
1636 No. Carlisle St.
Philacelphia, Peana, 19121
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V. 220 647 SUPS!  Ghromalox®

SHT. }’0 /"‘3’%3’_ CALL S W3?—G~3[,O(;
Bldg MO Dt C APTACHMAN T T

- ' ; JH. | oF 4
Wall mounted convection heater

0.5 to 5.0 kW

120 to 600V

1 & 3 phase

24, 36 & 48 In, width
U.L, Listed

Type HCH

Applications

{3 A ruoged, relisbls industrial con-
vection hezler cesigned for easy instal-
fation in hard-use areas such as
enlranceways, sizirwells, guard shecks
or other isolated builcings.

O deal for cold spots in offices or
plants. fourcs of oiner come
- 2oplwsnnng. see Bubl
Features For Giner a1ies A0 15
Buiit-in thermostat (55°F 1o 105°F)
with overtemperature cutout and choice
of either automalic reset (standard) or

Fi24 Cdmfort heaters

CAUTICN: Not waferided lor use whese Hammssie vapors, ¢3ses,
1ible stmesshetes arc present Forihueze
n PF114 (ICUH-EP

98 3¢ Eclizin SEn

menual reset {optional). wietn \é«‘i‘.hlo'.:( msocal r;xel With_macvzl r2cel <
. . fict ataleg 1a. it Wi
Easy electrical hookup — terminal KXW Yolls Ph_ Afa) Ho. w2 lus  PCN 1bs,
blocks are siandard. g T 2 HGH ¥ NS 33389 41
Bullt In contactor supplied wih all 05 2% 1 HEH-CS1 i © NS 331267 41
208V and 240V 3 phase heaters. I “ et " " gg;:;g pH
Transformer, transformer fusing and 575 13 1 44 FOROTT NS o] WS 3sei 41
bulltdn cantactor supplied on all heets 075 20 1 HCH07 1 NS HCR-Z730 N 331504 41
ers rated 480V and above, 875 ¢ v HCR-071 N, HCR-07 134 R s 4l
- o
Heavy gauge (#18) steel case with 015 o7 1 24 HCHATT K HEH-07 24 NS 331620 et
zine chiomate primer and nevral gray 1§ 3 1 Rl N NSomne oo
aked on finish. 10 28 3 24 KOHA0Y N NS 33580 43
Rugged shock proof steel fintube 1020 3 HCHA01 b NS 331585 <)
slements with furnace brazed fins. } 20 3 N NS 331588 41
Addidonal ratings avallable. Please 1. 5' } %i e ' R }‘-s 3%} ?? ﬂ
contact you‘r nearest Chromalox faciery 1. 45 24 HCAH-161 i N 331600 41
representative, 10 489 4 HCHA10T (4w} N HCH-w. V) NS 3316318 41
Specify: Quantity, catalog ro., PCN. 1. 128 4 HCH-51 N RCH-351M N 331627 <1
e 15 208 4 HCH- 151 N HCH- 181 NS 33635 <1
volts, walls, phase, process air healers. 15 o0 s HCHaS) & KCHA§IH NS 3378 <
15 29 4 KCH-151 N HCH-15144 NS 831843 a1
15 280 N HCH-151 S FCH- 1514 NS 331686 41
5. 21 4 HCH-151 1S HCH-1514 NS 331851 41
5 &80 4 HCH-151 NS HCH- 15114 NS 331861 41
15__ 80 ¢ HCH: 154 N HCH-451M NS 331654 41
. 5 G0 3 4 HCH-151 (4] N HCH-1‘1'.4 AW} RS 83l 41
15 850 4 HCH- 1 g ¢ " NS 331767 41
5 55 ‘ HEH-151 ; ncn 151M NS 331715 41
120 5 60 ¢ HEH:{81 ¢ HCH-1534 S NS 3T 4
Her3e3 LY 4 CHCH20 TS HCR-201% fis 331740 21
. £ S T 2 RS Fer-2wid R T2
0 208 3 24 HEH-203 NS HCH-20114 NS 337N 4
e etes 20 24 1 24 HEH:20% $ HCH-201M NS_ 331765 41
CECHEE A, &FAIN, . 20 2 3 ¢ CH-201 NS HCH-2l -M NS 331803 41
P.O.BCX 783 + SiCH ,_/_;\ S S 20 27 1 4 HCH-201 NS HCH-201 NS 33T 4
- W 0 480 4 HCH.201 s HEH-2 1!.4 NS 331782 <1
CONTRACT NO. HLL A/ L0 48 4 HCK-201 S HCH-25iMd . NS __ 3381141
N 7] HCRZ01 (4W) RS HCH.201M (&V) NS 330854 41 °
TRANSMITTAL HC. ___ % /4- 0 55 ( HCH20! HCH-201M K 331820 &1
0 575 3 I HCH-201 NS 320755 HCH-20WM NS 331838
0 60 3 2 HCH-201 NS 330763 HCH-201M NS 331826 <1
{AW) — < wice
HNF-2488, Rev. 0 f
Page B-31 2 2/25:/ =9
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Chromalox®

Installation, Operation
and RENEWAL PARTS IDENTIFICATION

c4le. WR2e-2(-0(5
ATTACHMENT: T
sh. 2 of 4

oY, 4 [ste,

xtbitley  (Supenedes PEA2ZT) PR422.2
161-027008-001

patr  NOVEMBER, 1888

Type HCH Convection Heater

NOTICE: Carelully remove heatar from carton
and check for shippping demege. Any damage
clxlms should be entered immediataly with the
carrier.

CAUTION: Thix kexter [s not ntended for use
in haxardoys atmospherss where flammable
vapors, gases, liquids, or other combustible at.
mospheres are present as defined in tha Na.
tional Electrie Code, Failure to comply can
result in explosion or fire, -

s EDFASENT WiLL ATITINT WALL
wALL r\— R CRER, SESTACTION o% CTXIR OFETRUCTICN ——-—|
R § een
e 7% et MINIUM [ A g — Lo 3kt
| * |
! = l
I WY —t D r ' {
« | akuetseser  © : }
[ : |
i
4 TURR
ASTEMER ne
1w
| |rvs o ewnex
- FURRISHES)
. YNLANOSTAT ==
* / FNONALY
s g &
BasK 3¢ . {4 of xxoorauis, ! :
i % PR S s SO} iy - s l
L21a s MINIRUR § 118, 50 FLODR & MSUNTING BLOTS %6 22" -
oo T RGN R 1T 1R BLEK TEAL fpurt 4 *
Specificotions — Table A .
R Fimrnsirrs — inches Bienensi vng o [2ENCS
tanle® Yoltzsy Setal Yettery
Ksmber {88 ¥2riz — XC) Watiste e ] L3 m‘;mﬁ. 2 oz — L0) Wit Phrse 2 3
HeH-051 S 5% 1 77 i .
TS R 208, 220 1 48D 3509 1er3
Hewory 200 5317 750 1 330, 578 ot 629 3 = 2
MeR-103 126 01277 000 L 7 2 il
T08. 340 37 410 ! Toi3 = e wenasy | mkzeverssy | wea | doer3
120 o 277 1 550,575 T W0 { 3
R4S 208, 24D v 33 1800 Ter3d 277 1
530, 575 o7 89 3 HeX-s01 208, 760 ot 40 o 3o 3
L 120 ot 277 1 550, 573 ot 830 3
C wTH20E 2T3, 240 o1 483 f<2] 1913 77 1
T 3 RSt 20K, 280 v 450 50 Tor3 a3 nn
XTE 1 550, 575 ¢f K2, T
LA 208, 269 of 230 an 103 £ 7 1
550, 575 v1 609 3 MHSe 30 Ter3
. 3

HNF-2488, Rev. 0
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CAUTION: Hazerd of efectrfe stock, Disconnect alf
power befors instelling hexter, .
1. Locate on vertical wall with keph of hester pesitioned
horizentaily. X .
2. When selesting a mounting focation, the folowing mintmum
distances must be observed:
2. Six (67) inches from botiom of isaier to floor to allow for
aisgv&:s alr flow through the healer, X
-b. 8ix (67 inches from well or ciher obstruction 10 right side -
of heser o 2llow for ecgess Yo Y um festeners. |
& Twclve (127 Inehes from wall or ctrer obstrvetion 10 left
side of healer 10 alfow for acciss to comtrols 2nd wire entry.
3. AvoR mounting hezter in 2 recess sinct sch mounting imerferes
with free #ir clreulztion, merezscs heater temperatures, e proveats
proper thermostxt operaticn.
4, Remove fromt cover by §

PsT

CAUTION: Hazard of efectric shock. Any Installetion
Involving electric heators must be grounded to eorth
to allminate shock hazard,

NOTE! Electeies] witing & 10 be in scvordance with Nationad Eles-
trics] Code and Jocal codes using #t Jeast 75°C (167 °F) pe R,
THW or equivaleat instlated conduciors.

1. Electical wiring can be brought = heater throvgh %7
knockout located eiiker in back penel or botiom of 128 hand end
of heater (wiring compattaent).

o3

e O UNTING

Yfiring Divgroms — Table 8

heater % lurn then sliding eover zpproximetely 17 1o right, then
liRking,

£, Ai the correct helght for the top of the heater, draw & peneil
line on the wail, parallel to the fioor.

6. Using dimensions shown In Figers 1, mark the mounting sict
focation on the wall.

¥, Mount heater to the wall by using fasteners (ot furnished) to
sujt e wall construction. Four (4) %¢* % 1 mounting slots xre
providad In hester back penel. NOTE: If well serface 13 not flat,
resulting In gap between rear case and wall in excess of Y ot Jocz.

ton of fastemers, use metal washers to fill in gzp. Tighten left hand
fastenery sceurely. The right hand fasteners should be pulled vp

snug to ellow for movermeit during opefatica W svoid expansion
noise,
8. Replace cover and tighten W tum fasteness.

2. Grounding conducter with greex fnsulxtion, should be secu

into grounding lug located ia wiring companment,

3. Using Winng Diegrzm Table B seiect applicable wiring dizgram

(Figure 2-5) for preper method of connecting heater, -

4, Twa or more Type HCH hesters mzy be controlled by a com-

mon fused discornect swiich providing total branch circult cur-

rczgé does not exceed 48 zmperes accordlng to Natioral Elecirical
=,

WITIPE PIMERLM FISVRE RTRETT

foo Tty ey Loy P e =
Y., e | A20T F2tied £ LM
£ Woerier 19 16 | ses ! e | s | 10 1o | osag g Wl 3¢ | 3r | 2ea | Set | 3¢g | 3
Kox-L31 2 3 s 2 N i L
G 2 ] - 3 1z
xRN 2 [ 4 s |1 2 3 s 5 .
A ) . © 0 i 7 3 ) 3 8 ] )
) xewast ) B 3 [ [ q ] 3 ¥ s s y s
S5 z | 1 < [ ¢ 7 7 0 [ ¥ y 3
KON ) 4 3 T ] 2 7 s ] . v ¥ )
FELT 3 3 3 4 3 7 5 L3 s 5 s
RO | i 0 B ¥ 2 | 7 B [ 5 v s
TR DD 7 g 7 7 [ % 5 s s
WA ) O [ B 7 5 3 s 3 s
AR e . 3 T LD
R —
SANANNNE 1 tadiand _Y;_ 3w,
EA ] 2l - 173
- oo A —— ( PONER
RO T ? N T3 et
e G 131 ) Wr‘@?ﬁ (DI‘I—SYL"L'{)
1,203 tyicy .
. FEATIRG EULNTXTS  (OFNSNAL )
fget 2 - TRTERKAL WIRIKG EXTERKALXRIKS

FSE BLOCK

‘?‘3 YT CONTROL ARE
HCY AYAILABLE, USE
PIEEAL THERMOSTAT
2] [}
_Q,F(,..J;o-sc_'
MANyEy AV T'STET. TRAKSICRMLR
C" i OL‘Y evtouT {OFTIONAL
v
[OFTIENAL IKTERKAL WIRIRS EXTEXXAL WTRIKS

®OTT) THERMOSTATS FOR
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d L= A Al
o RENEWAL PARTS IDRNTIFICATION .
r— HCH HEATER REPLACEMENT ELEMEINTE - Port Numbaer Preflx 118026556

Catikeg Nrober BCR 51 | RCH G701 | HCX101 | RCRIST P RCR 201 § REA 231 | KON 301 | HOA3SY | XeK4ST | KON LS | uCH 1
b—\'lﬂ'h TN v 1000 §500 Aot 25000 IN0N I A aun RN
Ysits
=Y - - toy % L i [kt s | ot — —_ — — —
0 ) 08 &2 8 1) 31 3¢e)) 220 o (3} (31941 (2R E0)] L1200} 815
Vel . — — v s ooz (%) 016 (9 cre ) 28 (%) 35 {3} 3 Q) N8 Q) 5719
et . 6c3 07 0 ) 007 &) &2() 023 ) 839 (%) B o (3) e5L{3) €58 ()
L yivse s - —" - £10 () #3{3) ot 1 £23 (9 079 (1 2240 ot (%) »nig s8(%}
w2 oo ooy 04 {2) o8 (2) ~313 24 (5 [XI¥e)) o33 (%) [ [222¢2] 94
=3 - I - [2E ) 1770 028 (3} €32 (3} £33 {9 M6 (7 §1213) 060.47)
XY S 4 B — — —— - — o2 %) ¢ ) b2 (D o8 ) JbAul 8 ()
ASTY Y - — Gy ot () 030} o J— -— —_ — —
Y e A A Wire — - e (5 004 (3) 63 (3) cts (3) ) e 023 () ) 511 ()
K5I 3T — — —_— 01243 013 () v28 (3) (xR o] 040 (N 7 (31 — —
IV Is L — — — —_— — — —_— — —_— 54 (3} OEE (Y
sy 39 Y —_ — — 1348 01543} w77 ™ ot @ [ 043 {3) — —_
ATSY 36 4 — — — — ~— — — J— —_— s 063 ()
KRY BT — - —_ 216 (8) €20 63 21 £33 {3) 842 13) oY) — —
NS — — — —_ — — — —_— — o3t 3y w3
k’sm gﬁ:nr; elomenl rratacre=tal b3vly Y1t 1_rt Aemder Preiis No, 118425255 e e tlement nvlrbtr. ez o '(&Uu 3A ¢lement in 3 1KY HCH1SL wier
E556005. The 12} o (D) "Hcﬂ‘: e tlement sumbet Calmates me nombee of Mrzling elempnty toalained In Do¢ hsaker,
AUTOMATIC CUT-OFR REPLACEMENT REPLACEMENT CONTACTOR
Ter HEW Herlers - Pt Xembeg Fre KO Xextors rrted . Pact Xember
e < a $72-052560-00
kb Lt T o o 1 s
MR R 3002 T +d 0¥ et piee $7202 2550501
SN 31 i e ot o 186200124008 03V 904 10V 3 phese 072052860453
- THERMOSTAY REFPLACEMENT
REPLACEMINY TRANSPORMER For HOH Rexoes Fort Xombor
For REH Kexters rated Fret Naomber X rxtinge FOCLSISTOTT
£30Y fisesneo0s Thermesset Kred 18005170001
180V, STSY 3n€ §OOY E S ]
MANVAL TEMPERATURE CONTROL REPLACEMENT
REPLACEMENT FUSES FOR ALL TRANSFORMERS — KCH 041 Heater Part Kumnber
TWO REQUIRED MCH £33 ey MCH TO1M 203117627003
For RCH Kesters rated 23t Kemiet YoK 231 e NOH TEIM SoAirteTonT
L3OV, S50Y, ST3Y 3nd XY $33-0477¢321% N <01 thrv MCH SUIM $00-117647 008

LIMITED WARRANTY FOR CHROMALOX INDUSTRIAL PRODUCTé
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PRODUCT SERVICE
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GEORGE A. GRANT, INC.
P.O0. BOX 789 « RICHLAND, WASH.

SUPZ 6

Vi 22 R4
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“SHT.

Aluminum housing and wheel with gauges
from .050 10 .125; steel wall plate and recessed

ACME

ACME ENG

MANUFACTURING CORP.

VoI hiMIASTIER™

INEERING & WALL EXHAUSTERS

3

CTrag
b
P.O. Box 978 - odel PW & PWB
MUSKOGEE, OKLAHOMA s M O oo
cALe. v 322-3]~ 25 DIRECT & BELT DRIVEN [
ATTAHMEA T K =‘=‘
. . SsH. | oF &
BIRDSCREEN [ ~ | Project e
N KeH-s420
Location ‘P\ \ ’ A
j N vichland . U
[ Sy ]' { """ Architect
1
]- Engineer K R
DAMPER |+ € puer o N ais‘en"
&1 sQ. SQ. SiZE Contractor R r\cl l I\ S‘\&Zt‘ M \
L TSR
N 1)
o — . Submitted by . \
z - CXE N anical <ulea T
-
E . Date ])_LI_C‘S
= PW INTERNAL € SAFETY PLUG Dimensions given on this sheet are correct within limits
§ DIRECT DRIVE wininG PosT S0 B I 200 suitable for normal installation requirements.
é . T'C B OD D D %
L 0. { A TBRy C T ET H | I
\ N PW100120%, 111 | 3 [12 | 13 J11] 10 | 9y
NG BIRDSCREEN e o LPWHI0 TR0 Ty |3 1792 [773 (41 | 70 | 1i°
/ (IPW18){ 23, | 14 | 37 |14 | 16 1147 32 1157
T T ey N\ PW126 123, 114 | 3% [ 14 | 16 |14 | 13 | i2%°
(4 PWi35 126, 1 4% | 3% 116 | 18 116 | 14 | 134°
! . [ PW145 [ 26'%, ] 14% | 3% | i8 (16 | 14 | 14"
X ] PW163 |30% 11541 4 131 21 119 [ 16 1 i6y°
OAMPER . PW171 130% | 1541 4 |1 21 19| 6 | 175"
| ) £ oo - A Pw200 j40 118 | 4 22 |24 {27 | 18 [ 20”
A so.  sa size . PWB200{40 [ 18% | 4 24 |22 | 20 | 20°
NS B PwB223) 46 | 20 | 3% % | 28 |26 | 22 | 207"
A gt PWB245{ 46 | 20% | 4y %l 30 [281 24 [ 2ay~
L M ADD 4 for EXPLOSION PROOF ON PW FANS
o
E INTERNAL WIRING POST WARNING] DO NOT use In HAZARDOUS ENVIRONMENTS where fans
3 _/ \ . oloclrical system could provide lgnition to combustible or tlammable
SAFETY‘SWITCH materlsls, uniess unit is i .
B I . CAUTION! Guards must be installed when fan is within teach of personnal
BELT N

orifice, finished with epoxy,

Back

curved

peller,

y and

Y Y

Hollow airfoil blades for quister performance.

Litho in U.S.A.

" Reference

EMIBGD
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i ol
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ke |Orifi

g alrfoll im.
bai d.

i ’Pwnsa 408 | Y’

of within 3even (7} feet of working level or whan dsamed advisable for satety,

FEATURES
T By,

LEQEND

O- Open (Dripproof)
@ Explosion Proof

28- Two Speed

AW- Square Damper
RD- Round Damper
GR- Wall Grille

PWG:. Inlet Guard

External drip ring prevents grease and othér
contaminants from running down wall,

Directs exhause alr away from wall.
All motors have lubricated ball bearings and

are available In single or iwo speed. Models
PW100 and PW 110 have three speed motors,

e

EX

N BLE

HNF-2488, Rev. 0
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* Cerlifisc sound ratings In docibels fof each of the 8 oclzve bands. In Lw(4) dacidols and in Sones are shown In Acme Bulletin'S13.
LICENSED MANUFACTURER IN CANADA: LIS] AERO GUIDE INC., MONTREAL, PROV. QUE.
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MANUFCTURING CORP.
P.0. Box 978 :
Muskoges, Oklahoma 74402

Telephone: 918/682-7791
FAX: 918-682-0134

FORM 810002
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lNSTALLATlON & MAINTENANCE INSTRUCTIONS
CENTRI MASTER® MODELS PW & PWB

RECEIVING AND INSPECTION
Immediately upon receipt of a shipment, carefully inspect
for damage and shortage. Turn impeller by hand to see
that it turns freely and does not bind. If any damage
and/or shorage is detected or suspected the carrier must
te asked to conduct an inspection. The consignee’s
representative should not accept shipment without a
notation on the delivery receipt indicating items not
delivered or apparent extent of damage.
When a shipment is opened and damage is found which
was not evident externally (concealed camage), itis
mandatcry that the consignee request an immediaie
inspection by the carrier. Report damage 1o the carrier
within 15 days. Failure to report damage within the abcve
time limit will cause rejection of a claim.
HANDLING AND STORAGE
Units should be lifted using a sling or platform. Whenever
pessible, fans should be stored indoors in clean, dry
locations. If storage outdoors is necessary, fans sheuld
be protected against the elements and accurulation of
dirt and moisture. Special care must be taken to keep
motors and bearing assemblies dry and clean. See
Acme Form B33, Proper Storage of Acme Fans.
INSTALLATION
This unit has rotating parts and safety precautions shouid
be exercised during installation, operation and
maintenance.
WARNING! DO NOT USE IN HAZARDOUS
ENVIRONMENTS WHERE THE FAN'S ELECTRICAL
SYSTEM COULD PROVIDE IGNITION TO
COMBUSTIBLE OR FLAMMABLE MATERIALS,
UNLESS UNIT IS BUILT SPECIFICALLY FOR THE
ENVIRONMENT,
Provide a square opening in the wall equal to the outside
dimensions of fan wallplate.
Slide the fan into the framed opening in the wall.
Securely fasten with lag bolts or screws provided by the
installer.
CAUTION: GUARDS MUST BE INSTALLED WHEN
FAN IS WITHIN REACH OF PERSONNEL OR WITHIN
SEVEN (7) FEET (2.134 m) OF WORKING LEVEL OR
WHEN DEEMED ADVISABLE FOR SAFETY.
Turn centrifugal impeller by hand to make sure it rotates
freely. If impelier hits orifice, adjust as follows:
Direct Driven Exhausters - Locsen set screws in impeller
hub and move impeller back on motor shaft. The impeiler
of the PW200 unit is attached to a sleeve which is
attached to the motor shaft. Remove the two socket head
cap screws completely . This will allow the impeller to be
removed from the shaft.
Belt Driven Exhausters - The bearing support is slotted
for up and down adjustment. Loosen bearing support
bolts on both support channels and move bearing support
up or dewn. if impeller continues to strike, move impeller
and shaft back. {See Maintenance, Section 7 for bearing
replacement).
CAUTION Before proceeding, make sure electrical
service to fan is locked in "OFF~ position. Run wires
through the internal wiring post to the motor, to safety
disconnect switch if used. On 8Belt Oriven Exhausters
leave enough stack in wiring to allow for motor movement
when adjusting belt tension. Soma fractional motors will

have to be removed to make connecticn at terminal box ‘
on end of motor; remove bolts securing motor base to

adjusting rails - do not take out moter boits. Re-adjust belt

tension.
All wiring should be in accordance with local ordinances
and the National Electric Code.

WARNING! Check voltage at the fan to seeif it
corresponds with the motor nameplate: high or low
voltage can seriously damage the motor Extra care
shouid be taken when wiring two or three speed motors
since impreper connections will damage motor and veid
meter warranty.
Operate under power and compare rotation with
directional arrow. WARNING! Do not operate at speeds
higher than shown in catalog for this equipment.
Operation in the wrong direction will deliver air but will
cveroad the motor to the extent of blowing fuses or
overload protection and could seriously damage the
motor. In the case of three phase motors, the direction
can be changed by interchanging any two of ihe three
motor leads. In the case of single phase motors. the
reversing instructions will appear on the wiring diagram in
the motor wiring compariment or on the molor.
MAINTENANCE

No spare parts are recommended for one year normal
service.

CAUTION: Before preceeding, make sure elecirical
service {0 fan is locked in "OFF" position.

Impeller shaft bearings on Bett Driven Exhausters are
prelubricated and sealed: no service required.

Motor bearings are prelubricated. Consult information
printed on motor for lubrication instructions.

On Beit Driven Exhausters check belt tension after first
48 hours of operation and thereafter annually. Belt
should depress its width when pressed firmly inward at
midway point between the pulleys. Too much tension will
damage bearings: belt shouid be tight enough o prevent
slippage. When replacing worn belt, reotace motor pulley
if "shoulder” is worn in groove. WARNING! Do not
replace motor puiley with a larger diameter puiley. Do not
replace the fan pulley with cne smaller in diameter. The
pulley ratios are set so that the motor will not be
overloaded.

If impeller shaft bearings need replacement, replace with
bearings comparable 10 original equipment. install new
bearings into neoprene rings, check correct position of
impeller with orifice, position bearings in die formed
recess and tighten set screws. Replace die formed
bearing cap and tighten four boits, NOTE: If locking collar
type bearing is used, collar must first be positioned
against inner race on bearing nearest impeller and turned
in direction of impeller rotation with drift pin and hammer
until it locks. Locking collars must be on inboard (facing)
sides of the bearings. Secure bearing to shaft with set
screw. Lock and secure other bearing to shaftin same
manner. If pillow block type bearings are used, slide
bearings on to shaft to desired location and bolt bearing
block securely to support base.

Slide shatft back and forth in secured bearing (do not
drive with hammer) and rotate to make certain it turns
treely. Check correct position of impeller with inlet orifice.
Then secure bearings to shaft by tightening set screws.

[3



o EXPLODED VIEW OF PW100 & 110 DU ~

e ' T qpse - WB2o.p 018 3T

ATTacH Mg 70 K -
M. 3 oF 4

PARTS LIST LEGEND : : PARTS LIST LEGEND i

NO. DESCRIPTION Qry. NO. | DESCRIPTION ary.!

1 | MOTOR ENCLOSURE COVER 1 ' 1 | MOTOR ENCLOSURE COVER i1

2 | MOTOR 11 i 2 | MOTOR 1

3 | MOTOR ENCLOSURE CLIPS 2 i 3 i MOTORBASE 1

4 |  MOTOR ENCLOSURE 1 i 4 | DISCONNECT SWITCH 1

5 | WIRING POST 1 i 5 | MOTORENCLOSURE CLIPS {2
6 | IMPELLER P - & | MOTORENCLOSURE o1
: 7 | BIRDSCREEN i1 i 7 | WIRING POST 1]
: 8 | MOTOR ENCLOSURE SUPPORTS P 3 i 8 | IMPELLER 1
: 9 | TUBE & ORIFICE ASSEMBLY i1 i 9 | BIRDSCREEN 1
: ! 10 | MOTOR ENCLOSURE SUPPORTS 5!
i . {11 | TUBE & ORIFICE ASSEMBLY 1 :
: - ] I
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.. EXPLODED VIEW OF PWB "I .
: Chre W B2o- B0 l5

- : o T ATTACHMEITE K

SH. 4 of 4
1 H
PARTS LIST LEGEND
| NO. DESCRIPTION TaTty.! INO.. DESCRIPTION - {QTY.:
{1 1 ] MOTOR ENCLOSURE COVER Ty ¢ !9 MOTORENCLOSURE P
2 | MOTOR P 1 . 110 _ DISCONNECT SWITCH P
3 | MOTORBASE T 1 3 11t BIRDSCREEN 1
4 | BEARING BASE 11 1 112 WIRING POST 1
5 | SHAFT & BEARING ASSEMBLY i § | 113 IMPELLER 1
8 | BEARING CAP 1 14 MOTOR ENCLOSURE SUPPORTS g
7 | SUPPORT CHANNELS 2 | 15 : TUBE & ORIFICE ASSEMBLY 1
8 | CHANNEL SUPPORTS 4 ! i
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1737 [440mm]} ——
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MOUNTING HOLES
TP 4 PICS

[—— 15.75" [400mm] ——

FLOOR MOUNTING ROLE PATTERN DETAL

11.18' [30mm)

[aepL | paTE [V | REvision

RATED INLET CONDITONS: 25 SCFM
100F 0

ELECTRICAL POWER: 115/1/60

MAXIMUM AMP DRAW: 200mA

TOTAL DRYER WEKGHT: 70.55 (BS [32 KG}
TOTAL DESCCANT WEIGHT: 24.25 LBS [11 KG} .
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P 4 PLCS
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CONNECTOR
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™ 80X
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595 | .
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* March 4, 1996 FAX (8 Pags)

TO:  Cuicede Machinery L
7 Chuck Keoll

RE: Fé.xDmdS/l/Q;S ' - - -

Hey-

I thought I would drop }:'ou a note to sddress the fzsues you inquiced sboutin your fax
that referenced order#003-52088, dated 3/1/96.

The three questions ers valld 20d T would respond in the following manner:

1) "Asistrae with dny of our non-special electrical schematics, we show sll of the
options availzble so s fo make one drawing good for a great number of epplicetions.
“The drawings are desighed 50 that the salesperson can cross out those optivns not being
uscd and leave urinarked the ltems that apgly to that partioular application. ‘When those
types of drawings are ndt allowed and the custemer requires spacific, “as built” general
arrangement drawings, the as builts are evailabls for a feo. A HATS would nat be
standard on & package tnless it was specifically roquested.

2 1 am protty sure that the color lonses they are reqquesting are equal to what we
supplied, Iam att_achin'g a copy of the Cutler Hamumer pricebook page to give you the
catd’s for the roplacement lenses, The lenses supplied should have been running-green,
stop and ail others-red.

3) Twould think that the relays would be availsblo at just about any clectricat supply
ouse or through Cutler Hammer. Ifthey specifically want the same as what was
supplied on the panc), they sbould be able to dig up the catalogus number off of the
contacts and give them to Cutler Hxnmer, -

Richerd L. Dye

Product Specialist

Small Compressor Division
PH# 704-896-4456

FX# 704-856-4433

AL ASRIEMENTE, CONTOEBDNT LOON STRIKES, ASCIDSNTS KK GTRIN CONDTIONE ICYEND CUR CORTACL.
AL CONTRAZTS AXS RUMICT TO A ADIR. §Y AN CHACA CF THE COMMITK GUORGAONS RURIGT TO CHMOE WTWOLT NORCE.
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W320-31-022

Control Circuit Sizing & Voltage
Drop Analysis for Seismic
Shutdown System (Class 1E)
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CALCULATION IDENTIFICATION AND

INDEX pate

04/17/95

Project No. & Name

Calculation Item

This sheet shows the status and description of the attached Design Analysis sheets.
pisciptine Electrical

wo/Job No. ER4319
W320, Tank 241-C-106 Sluicing

Control Circuit Sizing & Voltage DropbAna1ysis for Seismic Shutdown
System (Class 1E)

calculation No. W320-31-022

These calculations apply to:

Rev. No. O

owg. No. H-2-818679, Sheets 1 & 2
Dwg. No. H—2—8l8696, Sheets 1 & 2 Rev. No. O
other (study, oR)  K6S-94-009 Project 93L-EW-329 Rev. Ho.  NA
The status of these calculations is:
[] Preliminary Calculations
[X] Final Calculations
[1] Check Catculations (On Calculation Dated )
[1 void Caleulation (Reason Voided)
Incorporated in Final Drawings? [X]  Yes [1 No
This calculation verified by independent Ucheck® calculations?  [] Yes [X] wo
Original and Revised Calculation Approvats:
v, 0 Rev. 1 Rev. 2
Signature/Date Signature/Date Signature/Date
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1.0 OBJECTIVE

The objective of this calculation is:

a. To determine the adequacy of voltage supplied by the electrical power distribution system to the
contactor coil.

b. To size and select control loop cables supplying the contactor coil.

c. To size and select the cable connecting contactor control circuit to the "Emergency Trip” switch in
control room.

d. To perform a voltage drop analysis of the control circuit and establish the minimum voltages allowed at
the source terminal (secondary terminals of Transformer T1, or AY-PDP-1 distribution panel) in order to
satisfy device pickup and holding voltages requirements. The calculated source voltage will be compared
with the predicted steady-state and transient voltages in order to determine the adequacy of the circuits.

2.0 DESIGN INPUTS

a. KGS-94-009 Project 93L-EW-320, Tank 241-C-106 Sluicing, Letter of Instruction, Definitive Design,

Rev. 6, April 1994,
3.0 CRITERIA AND SOURCE

a. WHC-SD-W320-FDC-001, Rev. 2; Functional Design Criteria for Tank 241-C-106 Waste Retrieval,

Project W-320.
4.0 ASSUMPTIONS

a. The minimum Steady State voltage at source terminal is assumed to be 5% below its nominal voltage of
480 V; i.e. 480 X 0.95 = 456 V.

b. The minimum transient voltage at source terminal is assumed to be 25% below its nominal voltage of

480 V; i.e. 480 x 0.75 = 360 V. This value is typical for transient situations at power plants and power
generators, and is based on industry experience.

The maximum Steady State voltage at source terminal is assumed to be 5% over its nominal voltage of
480 V; i.e. 480 x 1.05 = 504 V. This value is typical at power plants and power generators.

HNF-2488, Rev. 0
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Loop. conductors are considered to be #14 AWG unless otherwise noted in this calculation or on the
drawing.

Resistance for loop conductors is based on 55°C. This value is the maximum anticipated ambient
temperature, and is based on the consideration that these conductors are low current carrying conductors.

Cable reactance is assumed equal to zero since the resistive component of impedance is much larger than
the reactive component of impedance for cable sizes utilized in this control loop.

Resistance of the cable connecting upstream transformer (transformer T1), or distribution panel (AY-
PDP-1) to the contactor assembly is negligible due to insignificant length.

Percent impedance of a 750 VA Control Power Transformer is not published by the manufacturer. The
%Z = 4.44 of a similar dry-type distribution transformer is used in this calculation. This value is typical
for 750 VA transformers.

Indicating lights are transformer type, and have very high input impedance. Indicating lights impedances
are assumed to be purely resistive,

The impedance of fuses larger than 3 amps is neglected.
Minimum pick up and hold in voltages of Westinghouse AR industrial relay is not published by the

manufacturer. Therefore, it is conservatively assumed that relay minimum pick up and hold in voltages to
be %85 of its nominal coil voltage, i.e.:

Viin i vp = Vigin hoit in =120 X 85%
102 v

The most restrictive circuit device is the device being analyzed for pick-up and hold-in capabilities.
The impedance of panel wiring is assumed to be zero due to insignificant conductor lengths.
The impedance of cireuit loads/devices is based on rated voltage and current.

The design data for Lamp No. 755 for Cutler-Hammer 10250T indicating lights is not provided by the
vendor. Therefore, the data provided for the same lamp for GE CR104P indicating lights is used.

The Hold-in Wattage data for Westinghouse AR600 relay coils is not provided by the vendor. Therefore,
the data provided for GE CR120B relay coil, which is similar, is used.
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5.0 METHODS TO BE USED

6.0

1 For each utilization device, the minimum required terminal voltage for adequate operation of the device
is obtained. For contactor coil and relays this will typically include a minimum pick-up voltage and a
minimum hold-in voltage.

2. For each utilization device, the maximum power required by the device is obtained. For contactor coil
and relays, this will normatly include a momentary in-rush (pick-up) current and a steady state (hold-in)
current. ’

3. Using transformer %R and %X, Control Power Transformer (CPT) impedance is calculated.

4. Using cable sizes and lengths, conductor impedances are calculated.

5. Impedance of each utilization device according to whether the device is drawing in-rush current or hold-
in current is calculated.

6. From the control circuit diagram, the device alignment that yields the heaviest load on the CPT is
determined. Based on this alignment the most restrictive device in the control circuit is determined. Due
to large inrush and bold-in current, typically, contactor coil is among the most restrictive devices in the
circuit.

7. A mathematical model using the values determined in previous steps is constructed, showing the worst
case loop loading, the most restrictive device and minimum pick-up and drop-out voltages across this
most restrictive device.

8. Using electrical circuit theory, the minimum pick-up and drop-out voltages required across the source
terminal is calculated. : :

9. The required minimum pick-up and drop-out voltage values across source terminal will be compared with
the minimum steady state and minimum transient voltage values to determine the adequacy of the control
circuit.

REFERENCES

1. Westinghouse Catalog 25-000, 1993

2. Cutler-Hammer Quick Selector Catalog 25-000, 1995

3. Okonite Company Catalog, "Power, Contro} and instrumentation Cables”, 1990.
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4. Bussmann Fuse Catalog, Section 3
5. NFPA-70, National Electrical Code, 1993
6. Westinghouse Consulting Application Guide, 1991; Dry-Type Distribution Transformers technical Data
7. GE Electrical Distribution & Control Catalog, 1993
8. Ref. Standard ICEA S$-68-516, WC 8-1988

7.0 CALCULATION

Seismic Shutdown System (SSS) is consisted of 2 sets-of redundant contactor assemblies (Figures 1 and 2). Since
all 4 contactors are identical, only one unit, seismic shutdown system #1, Figure #1 is analyzed.

7.1 CIRCUIT DATA

7.1.1 Westinghouse, size 6, 3 phase, 480 V contactor, Catalog # A201K6CA (Coil M1)
Coil data (Attachment A):

In-Rush VA = 2900 VA
Hold-In VA =220 VA
Hold-In Watts =42 W
In-Rush Py = 0.0145
Hold-In P, =0.19
Voltage Rating =120 VAC
Min. Pick-Up Voltage =284 V
Min. Hold-In Voltage =72t084V

7.1.2  Westinghouse AR 600 Relay (Relay coils JXY1361, JXY1362, IXY0621, JXY0622, YY13650, YY13651,
YY13652, YY13653, YY06210, YY06211, YY06212 and YY06213) coil data (Attachment B}:

In-Rush VA =96 VA

Hold-In VA =14 VA

Hold-In Watts =17 w

In-Rush Py = (.0729

Hold-In P, =0.5

Voltage Rating =120 VAC

Min. Pick-Up Voltage =102 V (Section 4.0-k)
Min. Hold-In Voltage =102 V (Section 4.0-k)
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7.1.3  Control Power Transformer (CPT)

A 750 VA CPT is selected
480/120 V, Single phase

%Z =444 (Attachment C)

7.1.4  Fuse Data

“NUTHERM" has provided a 10 Amp control fuse for secondary side of transformer, and a 5 Amp fuse
for isolation.

Since both these kinds of fuses are over 3 Amp the resistance is neglected.

RFN(uo =0 Q

" Rengs =0 0

7.1.5 Indicating Lights
Indicating lights provided are Cutler-Hammer 10250T transformer type (Attachment E).

Cutler-Hammer 102507 transformer secondary voltage = 6 V
Lamp No. 755 :

©17.1.6 Seismic Switch Power Supply

Power supply unit rating is 120 VAC, 150 mA (Attachment G). For conservatism, it is assumed power
supply has an input rating of 300 mA.

7.1.7 Cable Data
#14 AWG size is provided for loop conductors

Ry awc @25°c =279 Q Per 1000 ft (Attachment F)

Ry awc @ ss°c = Ryqawgazsc X Y1,115
=279 X 1.115
Rya awc @ ssc =~ 3,119 Per 1000 ft

HNF-2488, Rev. 0
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# 12 AWG size is selected for cable from SSS cabinet to emergency stop switch in control trailer

Ry awe @2sc 1.75Q Per 1000 ft (Attachment F)

Ry awg @asrc X 1.115
1.75 x 1.115

R#IZ AWG @ 55°C

nu

1.95Q  Per 1000 ft

Q

RIIlZ AWG @ $5°C

7.2 ANALYSIS

7.2.1 Cable:
Cable A: From SSS cabinet to emergency stop switch at control trailer, approximately 100 ft of #12
AWG;
Reuie & =100 X 2 X ( 1.95 + 1000)

=039 Q
Cable B: Seismic Switch power supply power cord, approximately 5 ft of #14 AWG;

X 2 % (3.11 + 1000)

Reae s =5
=0.031 @

Cable C: From "SET" (Start) switch to seismic switch relay contacts, approximately 5 ft of #14 AWG;

Reae =5 X2 X (3.11 + 1000)
=0.031
Cable D: From Seismic Switch relay contacts to temperature switch contacts, approximately 5 ft of #14
AWG;
RCnbleD

Cable E: From temperature switch contacts to contactor coil terminals, approximately 5 ft of #14 AWG;

RCable E

HNF-2488, Rev. 0
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7.2.2  Transformer:
Per unit impedance of Control Power Transforﬁler is:
%Ly = 4.44 (Attachment C & Section 4.0-8)
Conservatively assuming X = R
ZZ=X+R = R=~314 0, X=314 Q

Zin =0.0314 + j 0.0314

7.2.3 Indicating Lights:

Indicating Lights YL13650B & YL13651B (YL13652B, YL13653B, YL06210B, YL06211B, YL06212B,
YL06213B) are transformer type with the bulb rating of:

Lamp No. 755; Design Volt = 14 V,  Design Amps = 0.15 A (Attachment E)

= 0.15

Riump 14+
93 0

o

The current on the secondary side of indicating light transformer is:

+ 93

Lomiay = 6
0.0645 A

The current on the primary side of indicating light transformer can be determined as follows:

I =0.0645 X [ 6 + 120]

=0.0032 A

‘primary

Assuming the transformer has an efficiency rating of 50%, then:

! = 0.0064 A

primary

Therefore, the total resistive value of the indicating lights (IL) seen by the control circuit can be
determined as follows:

120 + 0.0064
18.75 K@

Ry

HNF-2488, Rev. 0
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7.2.4  Pick-Up (In-Rush) scenarjo:

From the acquired data and referring to Figure 1 (Figure 2), the contactor coil is the most restrictive load
since it has the largest in-rush current, and the longest cable loop . Loop loading for the pick-up circuit
is based on the following:

a. Relay coil YY13650 (YY13652, YY06211 & YY06213) for remote "TRIP" indication i$
energized and it is drawing hold-in current.

b. Relay coil YY13651 (YY13653, YY06210 & YY06212) for remote "SET" indication is omitted
since it would not be energized until contactor coil is energized.

c. Seismic Switch Power Supply (SSPS) is considered to be drawing hold-in current since it is in
parallel with the contactor coil and does not pull current through the contactor loop. SSPS is
always energized as long as control circuit is energized.

d. Relay coil JXY1361 (IXY1362, JXY0621 & JXY0622) for power failure indication is
considered to be drawing hold in current since it is in parallel with contactor coil. This coil is
always energized as long as control circuit is energized.

e. Relay coil AY1361A (AY1362A, AY0621A & AY06224) is a 24 VDC battery powered, and it
is considered to be internal to SSPS, therefore, it is not considered in pick-up scenario.

f. The current drawn by the indicating light units can be neglected since they are in parallel with
the contactor coil, and their resistances are very high. There will be one indicating light lit at a
given scenario.

7.2.4.1 Based on Step 7.2.4 scenario, the impedances of various devices are calculated:
P; = Cos ¢
Z =[V2+ VA] X [Cos¢ + jSin(Cos' P) ]
A [ (120)* + 2900) ] x [ 0.0145 + j Sin (Cos® 0.0145) }

a

0.072 +j4.96 Q

Zogs =115+ 0.3
~ 380 Q

Zyxviser ut = [ (120> + 14)] X [ 0.5 + j Sin (Cos* 0.5) 1
= 514.28 + j 890.77 Q

Zyvizeso m = 514.28 + j 890.77 ©

HNF-2488, Rev. 0
Page C-10




Fluor Daniel Northwest

DESIGN ANALYSIS
WHC

subject Control Circuit Sizing & Voltage
Drop Analysis for Seismic
Shutdown System (Class 1E)

200E; C & AY Tank Farms

Client

Location

calc. No. W320-31-022
Revision 1 .
Page No. 9 of 13

Wo/Job No. ER4319

pate 4/17/95 By
Checked 4/17/95 By

M. Khorsandian

S. Najjar

Revised 7/24/98 By KP Thanawala

7.2.42 A mathematical model is constructed as shown on figure 3. Indicating lights are in parallel with contactor
coil. Due to high impedances of indicating lights, the impedances contributed by these lights are omitted

from the model.
The equivalent circuit is further reduced (Figure 4) using electrical circuit theory as follows:
Tu = Vi + Zy

=84 + (0.072 + j4.96)

=0.245-j16.93 A

Zy = Rp + R + Reaen + Ris + Rt Reaec + Rewien + Rewees

=2 X0+ 0.39 + 2 X 0 + 0.031 + 0.031 + 0.031
~ 0.483 Q

Vs =Ly X(Zs + Zy)
= (0.245-16.93) X (0.483 + 0.072 + j 4.96)
=84.11-j8.18 V

Z, = Zps + Rewmen
= 380 + 0.031
~ 380 @

Z, " Zyxvisst “ Zyvizsso

7,
[380><(51428+_189077)]—[(51428 +j890.77) + 2 X 3801
227.76 + j 106.42 @

o

I =V, + 7
=(8411 -j8.18) + (228.58 + j111.03)
= 0.2893-j0.1711 A

Iror =ly + 1y
—0.5343-j17.1 A

\2 =V, + Ior X Regs
= 84.11 - 1818+(05343 -j17.)x 0
=8411-38.18 V

Itorm (05343 -j17.1) X (120) ] + 750

= [
0.0855 - j 2.74

HNF-2488, Rev. 0
Page C-11




talc. No. W320-31-022

Fluor Daniel Northwest Revision 1
DESIGN ANALYSIS Page No. 10 of 13
Client WHC W0/ Job No. ER4319
subject Control Circuit Sizing & Voltage opate 4/17/95 By M. Khorsandian
Drop Analysis for Seismic L.
Shutdown System (Class 1E) thecked 4/17/95 8y S. Najjar
Location 200E; C & AY Tank Farms Revised 7/24/98 8y KP Thanawala
Vi =(84.11-j8.18) + 120
=0.7-j0.068
Vi = [Lorpm X Zrp + Vi ] X 480

= [(0.0855-j2.74) X (0.0314 + j 0.068) + 0.7-j 0.34 ] x 480
= [0.7887 - 0.1514 ] X 480

=378.6-§72.6

=38557 -11° V

| Vs g | = 385.5 V

This value represents the minimum source voltage required to ensure that all devices can pick up.

Since Vi piexp < Viavrr piecwp { Viwirr piccap assumed to be 456 V in Section 4.0-1), the control loop is
adequate. The muost restrictive device, contactor coil, can pick up when the minimum source voltage, 456
V, is present at the secondary side of transformer T1.

7.2.5 Drop-Out (Hold-IN) Scenatio:

From the acquired data and referring to Figure 1 (Figure 2), the contactor coil is again the most
restrictive load since it has the largest hold-in current, and the longest cable loop. Loop loading for the
drop-out circuit is based on the following:

a. Relay coil YY13651 (YY13653, YY06210 & YY06212) for remote "SET" indication is
energized and it is drawing hold-in current.

b. Relay coil YY13650 (YY13652, YY06211 & YY06213) for remote "TRIP" indication is omitted
since it would not be energized until contactor coil is de-energized.

c. Seismic Switch Power Supply (SSPS) is considered to be drawing hold-in current since it is in
parallel with the contactor coil and does not pull current through the contactor loop. SSPS is
always energized as long as control circuit is energized.

d. Relay coil IXY1361 (JXY1362, JXY0621 & JXY0622) for power failure indication is
considered to be drawing hold in current since it is in parallel with contactor coil. This coil is
always energized as long as control circuit is energized.

e. Relay coil AY1361A (AY1362A, AY0621A & AY0622A) is a 24 VDC battery powered, and it
is considered to be internal to SSPS, therefore, it is not considered in drop-out scenario.

HINF-2488, Rev. 0
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f. The current drawn by the indicating light units can be neglected since they are in parallel with

the contactor coil, and their resistances are very high. There will be one indicating light lit at a
given scenario.

7.2.5.1 Based on Step 7.2.5 scenario, impedances of various devices are calculated:

ZM HI

[ (1201 + 220)] X [ 0.19 + j Sin (Cos® 0.19) ]
12.44 + j 64.26 Q

il

Zssps =115 + 0.3
=~ 380 O
Zixviser nt = [ (120> = 14)]1 X [ 0.5 + j Sin (Cos™ 0.5) ]
= 514.28 + j 890.77 Q
Zyvizest mn = 514.28 + j 890.77 @
7.2.5.2 A mathematical model is again constructed as shown on figure 5. Indicating lights are in parallel with

contactor coil. Due to high impedances of indicating lights, the impedances contributed by these lights
are omitted from the model.

The equivalent circuit is further reduced (Rigure 6) using electrical circuit theory as follows:

Iy = Vy + 2y
=84 = (12.44 + j 64.26)
=024-j1.26 A
Z, =0.483 Q
V, =Ly X (Lt Zy
=(0.24- 1126)x(0483+1244+16426)
= 84.07-j0.86 V
z, =380 Q
z, Zo | Zixvist | Zaviss

~ 22776 + j 106.42 Q

z03015 _]01447 A
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Tror =1z + Iy

= 0.5415-j 1.4047 A

Vi =V, + Iyor X Reys
= 84.07-j0.86 + (0.5415-j 1.4047) x O
=84.07-j0.86 V

Trorm (0.5415 - j 1.4047 ) x (120)] + 750

0.0866 - j 0.225

Vin = (84.07-j0.86) + 120
= 0.7-0.007

Vi [Trorp X Zyp + Vi ] X 430

£ (0.086-0.225) X ( 0.0314 + j 0.0314) + 0.7 - j 0.007 ] X 480

[0.71-70.011] x 480

340.7-§ 5.5

340.7 £ -0.9° V

I |

| Vim awpou | = 3407 'V

This value represents the minimum source voltage transient dip to ensure that all devices will not drop-out under
bus voltage transient situation,

Since Vi aroponr < Vinarr eeopont ( Vinvir aropon asSumed to be 360 V in Section 4.0-2), the control loop is
adequate. The most restrictive device, contactor coil, will not drop-out when the source voltage dips into
minimum 360 V transient, at the secondary side of transformer T1.

7.3 OVERVOLTAGE CONSIDERATION

When maximum steady state voltage of 504 is present at the primary side of CPT, the voltage at the secondary
side is conservatively calculated as follows:

120 X [ 504 + 4801
126 V

Vi seconsary

Assuming no voltage losses in contactor coil loop, the contactor coil is subjected to 126 V which is less than the
maximum allowable voltage of 132 V (Attachment A), i.e.:

120 x 110%
132 Vv

vmax allowable
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Vi secodaty 26V < Vinax atiowaste = 132V

Therefore, contactor coil can safely operate under CPT primary voltage value of 504 V without injury to the
operating coil.

7.4 FINDINGS AND CONCIUSIONS
1. The voltage supplied by the electrical power distribution system to the contactor coil is adequate.

2. #14 AWG cable is adequate for internal wiring of contactor assembly, and cables supplying seismic
switch power supply. :

3. #12 AWG cable to emergency stop switch in control room is adequate in size.

4, The voltage drop analysis of the control circuit shows that the minimum voltages allowed at the source
for steady-state and transient conditions are adequate to satisfy the device pickup and holding voltage
requirements.

This calculation shows that the control circuit of the size 6 contactor used in the Seismic Shutdown System is
adequately sized. The contactor will pick up when worst case minimum bus voltage condition is present, and it
will hold in during worst case minimum transient voltage situation. Nuisance tripping will not occur due to bus
voltage normal fluctuations. Long lead cables and panel internal wiring sizes are adequately selected such that
voltage drop will not adversely affect system operation.

HINF-2488, Rev. 0
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| 358 | VUNTALIURD, Full Voltage AC ~mwcameny: A
Non-Reversing, Sizes 00-9 PAGE 1 A
Class A201

i

HNF-2488, Rev. 0

Page C-20
A201 Size 1
Max. | Motor | NEMA] Cont. [ Coit [2 Poles 3 Poles 4 Poles S Poles
Hp. [Volis |Size ?:;?s Volts [gren Type 1 Encl. Open Type 1 Encl, Open Type 1Encl.  |Open Type 1 Encl.
i Cat, List Cat, ist Cat, List Cat. List Cat. List | Cat. List [Cat. List | Cat. List
Number [Price | Number |Price | Number | Price | Number | Price | Number | Price | Number | Price |Number | Price | Number| price
A201 A201 A207 A201 A201 A201 A201 A201
[ P I 9 [120 [KABA s 120[SABA s 132[KACA [s 138]SACA [$ 150[KADA |5 186| SADA |s 198|KAEA |5 252| SAEA | 264
1%(200 208 |xAB8 SABB KACB SACS KADS SADB KAES SAES
1l[230 240 | KABW SABW KACW SACW KADW SAowW KAEW SAEW
2 |e80 480 {KABX SABX KACX SACX KAOX SADX KAEX SAEX
2 lsrs 600 | KABE SASE KACE SACE KADE SAGE KAEE SAEE
. o 18 [120 [xoBA 156] S08A 168[ KOCA 174] S0CA 185[ XODA 222] S00A 234{KOEA 28] SOEA 300
3 |200 208 {K0B8 s088 X0CB socs K008 S008 KOES S0E8
3 230 240 | KoBW S08W KOCW socw KODW S00W KOEW | . SOEW
5 [460 480 |KOBX 508X KOCX S0CX KOOX S00X KOEX SOEX
5 |s75 600 | KOBE SO8E KOCE SbcE KOOE S00E KOEE SOEE
N K] 27 {120 |K1BA 18] S18A 198] KICA 204] STCA 216| K104 252 S1DA 264[K1EA 318 S1EA 330
7%|200 208 | K188 5188 K1C8 s1c8 K108 S108 K1€B S1EB
7%|230 240 |K18w S18W Kicw siew K10w S10W KIEW SIEW
10 |460 480 | K1eX S18X KI1CX s1cX K1DX S10X K1EX S1EX
10 |s75 600 |K1BE S18€ KICE S1CE K10E S1DE KIEE S1EE
o2 0] 45 {120 [xesa 348] S2BA 408| K2CA 372| S2CA 432| K20A 480 S20A 540|K2EA 720] S2EA 780
10 |200 208 {X288 s288 K2c8 s2c8 K208 5208 K2E8 S2E8
15 1230 240 |K28W $28W K2eW s2cw S20W K2EW S2EW
25 [a60 480 | K28X s28X K2cX $2CX S20X K2EX S2EX
25 |575 600 | K2BE S28E K2CE S2¢E S208 K2EE S2EE
. 3 90 [120 [K3ea 552[ S38A 572| K3CA 600[ S3CA 720 768] S30A 888{K3EA | 1152|S3EA | 1272
25 |200 208 |x3es s388 X3C8 s3c8 5308 K3EB S3E8 5
30 [230 240 | k3w s38W K3CW sacw S30W K3EW SIEW
50 [460 480 | K3BX S38X K3CX s3CX $30% K3EX S3EX
50 |s75 600 | K3BE S38€ K3CE S3CE S3DE K3EE S3EE
D 135 |120 | KaBA 1332] S48A 1584] K4CA 1440{ SacA 1632 2004[ S4DA | 2256|K4EA | 2772| S4EA | 3024
40 1200 208 | K4BB $4B8 KeCg 54CB K: K S
50 {230 240 | KaBW S4aBwW KéCw s4acw
100 {460 480 | K48X S4BX K4CX S4CX
100 {575 600 | K4BE S4BE K4CE S4CE
e ... |5 270 [120 [xs8A 2886] S5BA 3348| K5CA 3138[ $5CA 3600 .
100|230 240 | K58W S5BW K5CW Sscw
200 [460 480 |kseX $58X K5CX S5CX
200|575 600 | Ks8E $58¢ KSCE S5CE
. |... s 540 [120 | K6BA 7344] S68A 3378} K6CA 8568] S6CA 10602 B
200|230 240 | Keaw s6BW K6CW S6CW s e -
400|460 480 | K6BX $68X K6CX S6CX - ?ac -
400|575 600 | KeBE S68E K6CE S6CE K
o Je. |7 810 [120 [x7as 10722 $7684 12756| K7CJ 12228( $7CJ 14268 R
300 |230 240 {K78K S7BK K7CK S7CK
600 1460 480 | K78U S7BU K7CU s7CU
8 1215 | 120 [K8BJ 17208| S88J 205281 K8CJ 18876 S8CJ 22212,
450 (230 240 | K8BK S88K K8CK S8CK g
300 (460 480 | K8BU s88U K8CY sscu
9 2250 §120 |KSBJ 23040 S98J 25200{ K9CJ 25410§ S9CJ 284104 ...

S

L 43 X oy

" PRI Modification Kits, Accessories, Size 7-8 17048
Rear Connected Contactors pages 410-414 Size 9 P 169286
e . Factory Modifications, page 415 Replacement Parts, page

120 Volt Rectified Coil/Open Only Other Enclosures, pagep4$4 Discount C10-S1

Size Cat, No. List Price Dimensions, pages 363, 386

7 A201K7CJ29 $12928 Other Available Coil Voltages, page 419

8 A201K8CJZ9 19776 Technical Data, pages 417-419 ‘

] A201K9CJZ9 26610 Instruction Leaflets: ;

Nonreversing, Reversing Order by catalog number. Complete cat-

Size 00-0-1 16960 alog number consists of A201 in bold
Size 2 16961 type in catalog number column, plus
Size 3-4 13238 suffix letters KABA, etc. in catalog num-
Size 4 (Model K} 17001 ber column. Example: A201 + KABA =
Size 5 17048 A201KABA

Electrical Components Division
February 1993
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Full Voltage AC, NEMA Sizes 00-9

Technical Data

Operating Coil Characteristics at Rated Coil Volts, Sizes 00-8
The following represent typical production test values and should

not be interpreted as a guarantee of actual performance.

A

AGEL A-Z

Slze 00,0, Size 2 Size 3 Size 4 0 Size 5 Size 6 Size 7 Size 8 Size 9
AC Coil
Burden {Open VA)......[ 160 VA 160 VA 625 VA 700 VA 1700 VA 2900 VA {DC Operated {DC Operated {DC Operated
{Closed VA).....,[ 25VA 25 VA 50 VA 84 VA 180 VA 220 VA Only) Only} Onty)
{Closed Wstts}. . . 78 W 7.8W W 2w 32w 42w ..
Pick-up Volts® ........| 85% 85% 85% 85% 78% 70%
Drog-out Volts® . . ..., 40 ~ 80% 40 - 60% 40 - 60% 40 - 60% 65 10 75% 80 10 70%
Pick-up Time Hz@O. . ... 1-1% -2 2-2 1- 1% 15 4.0
Drop-out Time KzO. ... . Yi-1 V-1 Y- 1 Yo~ 1 0.75 0.75 -
DC Coil
Burden [Open VA). .. ...| 17VA 17 VA 35 VA 600 VA 2120 VA 400 VA 400 VA 2100 VA
(Closed VA). . ...} 17VA 17 VA 35 VA . 22 VA 21 VA 400 VA 400 VA 350 VA
{Closed Warnts}. . .| 18W 18w 3IBW 3BwW 0w 20w 400 W 400 W 350
Pick-upVoltsO® ........| 80% 80% 80% 80% 4% 3% 45% - 65%@ 45% - 65%8 50% = 65%
Drop-out VoltsO . . . . 5~-10% 5-10% 5~ 10% 5~ 10% 18% 13% 30% — 45%6 30% - 45%8 40% - 50%6
Pick-up Time® .... 25~75MS | 25-75MS | 26-75MS 2.7 H20 3H0 21 - 41 H:00 17 - 29 Hz60 16~ 18 200
Drop-out Time® . ...... 16-25MS | 16-25MS [ 16-25MS 9.3 H20 17.5 HzQ 7 - 12 H00 7~ 12 H200 18 ~ 20 Hz260Q

NEMA Std. ICS 2-110

Mechanical Characteristics, Sizes 00-9

Direct-current operated contactors shall withstand 110’percent of their rated voltage continuously without injury to the operating coils
and shall close successfully at 80 percent of their rated voltage.

Alternating-current operated contactors shall withstand 110 percent of their rated voltage continuously without injury to the operating
coils and shall close successfully at 85 percent of their rated voltage.

Size 00,0,1 Slze 2 Size 3 Size 4 Size S Size 6 Size 7 Size 8 Size 9
Dimensions ~ Inches.
Height 6.45 In. 7.6 n, $.93 In. 293 In. 12,00 1n.® 13.50 In.© 18.62 In.@ 19.26 1.0 25.00 In.0
Width, 3.3t 3.31 4.62 462 7.000 7.000 23,500 23.500 32.000
Depth. . 4.61 4.96 6.75 6.75 7.750 8.750 11.000 11.000 13.000
Panel Area = Square Inches. 2135 237 46.0 48.0 84.0 945 4375 4524 800
Weight - Pounds . . 3.5 Lbs. 3.5 Lbs. 11.5 Lbs, 11.5 Lbs. 25 Lbs. 42 Lbs. 215 Lbs. 265 Lbs. 316 Lbs.
Cable Connection. oo vt vvuvnnunnsns ETICT U RETTE TR RO Front Front FronvRear Front/Rear FronVRear
Maximum Cable Size/Phase
Copper [AWG/MCM) ....... #6 #3 10 40 1-560 MCM 2-500 MCM 3-500 MCM 4-500 MCM 8-500 MCM
} Auxiliary Electrical Circuits
Available ....... IERRRERTI L 6 6 ] 4 4 3 3 4
Latched Version Available. . . .. Yes Yes Yes Yes Yes Yes No No No
Mechanical Interlock Com-
binations Available
Sizes 00,0,1,2,3,4 ., « . | Vert., Hosiz. Vert., Horiz. Vert,, Horiz. Vert, Horiz. | ...... B
- T e casnie . Vert., Horiz, Ver . .
e Vert,, Horiz, Vert,, Horiz, Vertical Vertical
. Vertical Vertical Vertical Vertical
‘e ciieee Ciiese Vertical Vertical Vertical

Data From Tables 430 - 147 Through 150 of 1987 N.E.C.
Motor Amperes at Full Load®, Three Phase AC

Hp Single Phase AC Squirrel Cage AC [

115 230 200 230 460 575 120 240

Volts Valts Volts Volts Volts Volts Volts Volts

% 44 2.2 evien

a 58 2.8 1.1 1 1.6

Y 7.2 3.6 P . 2.0

Ve 9.8 48 23 2 8 27

¥ 138 6.9 3.2 2.8 X 11 3.8

1 16 8 4 36 18 14 4.7

1 20 10 6.0 5.2 2.6 23 6.6

2 24 12 78 68 34 2.7 85

3 34 17 11 96 48 33 12.2
5 56 28 17.5 15.2 7.6 (Al 20
% 80 40 25 2 1 9 29
10 100 0 32 28 14 1 38
15 cree .- 48 42 2 17 55
20 IeYs 62 54 27 22 72
25 78 68 34 27 29
30 92 80 40 32 106
40 120 104 52 Ll 140
50 150 130 65 52 173
60 177 154 7 62 206
75 221 192 96 77 255
100 230 248 124 99 341
125 360 312 156 125 425
150 414 360 180 144 cens 506
200 552 480 240 192 675

Electrical Components Division

February 1993

© Percent of rated coil voltage. ;

@ Lower figure when coil is cold. Highsr figure when
coil is hot,

© Drop-out time to clear are. Time varies with type of
load and contact wear.

O At €0 hertz base.

© Yo contact touch.

O For sizes 5-9 contactors only: for starter sizes 5.9,
refer 10 Westinghouse,

© Data pertains to Modsl K; for Model J, refer to
Westinghouse,

© Thess current values are for motors running at usual
speeds and with normal torque characteristics.
Motors for speciat low speed or high torque may"
require higher current. In alt ¢ases, heaters should be
selected on basis of information on motor nameplate
or motor card data.

HNFE-2488, Rev. 0
Page C-21
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AR Pole

Application .
AR

‘AR 600 Volt A¢, ARD 600 Vol
Convertibl Con

tacts

Ments are available for use

ARD relays.are desiéned for use on 6-pole relays.

machirie tools, process lines, conveyors, ‘Contacts ‘sre coj

and similar automatic and
equipment. . .

semi-automatic  (’NCo provide any comb
‘desired; up to a maximum

‘AR/ARD relayé are electro-mechanical that for the ARD, the numb

convertible contact relays,

applications.

LLLET Y o W i ] CALe R, @
t Do, AT RmET, 8
(4

with 4 and

nvertible from either NO

ination
of 10, except
er of NC poles

AR refays are - “cannot exceed four in any pole configura-
Ac devices, and the ARD is for Oc ‘tion. Wide spacing of contacts simplifies

. installation, contact tésting, and mainte-
nance, Contacts are electrically and

O Standard cartiidges are sold in cartons of & eartridges, Catatog number and fist price ace for s

© Overap contact cartridges are sold in sets of
© Will not accept top mounted fatch or tmers.

Desg:riptio.n . mechdnically-isolated from each other.
Available in either 4 or §-pole configura- Overlap contacts are also available in one
tions, AR relays are easily converted to 8 or two sets, These contacts should be
or 10 Foles simply by adding a 4-pole mounted in the center pole positions. Ac
deck. in addition, mechanical latch and and D¢ contact cartridges should not be
Pneumatic or solid state timer attach- used in the same relay.
b
| AR/ARD Relays L .
Number Contacts AR 600 Volt Ac Ralays ARD 600 Volt D< Relays
g: ole NO NC Blank 120/60, 110550 Ac Coil 120 Vol Oc Coil
Cavilies [ Cralog Ust Catalog Ust
. Number Price Number Price
[ o 4 ARAK ] ARD4S:
4 2 0 2 AR4208 : ARD420§
-4 0. 0 AR440A . ARD440S
[] [ § ARBR : ARDSS
[ 4 0. 2 ARG40K! ARDS40§
6 [ 0 ARBEOA! . ARDSS0S
80 € [ 2 ARB60A. ARD8605
. 8 0 0 ARBS0A' ARDBE0S
| 100 10 0 [ AR101004) ‘ARD10100§
Contact Cartridges
Type Terminal Standard Contact Cartridges Overlap Contact Cortridges
Catalog Ust * | Catalog List
Number Price0 < | Numbe® Priced
600 Voit Ac Cartridges e e L N
With Clamp Terminals ARC . -l - | AROC T el
With Screw Terminals ARCR .. AROCR : -
£00 Volt De'Cariridges - e v L i
With Clamp Terminals. ‘1.ARDC .- | : ARDOC L
With Screw Terminals ARDCR ARDOCR

ingle cartridge.” ¢

2 cartridges. Cstalog number and fist price are for sets of 2,

HNF-2488, Rev. 0
Page C-22

Discount C10-S12

UL File No. E19223

CSA File No. LR39402-6,
LR54520

LR54517, and

n <K

Contact Ratings
600 Volt Ac Cartridges NEMA A600

: Rt

Volts Cont. Max, Currenat Max. VA
Current "Stake | Break | Make Breax
120 60 6 7200 720
240 30 3 7200 720
480 15 16 7200 720
800 :12 1.2 7200 { 720
De Cartridge's NEMA P60 -
Volts Cont. - Max. Current Max, VA
Cu - Make or Break | Make or Greax
125 5 11
250 & 55
-4 600 5 20
tive Le Lo
125V'D¢? 3.0 amps .
‘d@mps

Coil Power Requirements.- &
Ac: 86 VA open, 14
Dc: 14 watts open, 250 volts max.

VA close -

Voltag
for the

with N

of two
Suffix

coils, and ARD r
Dc coils. .
© !f a different coil voltage is required,
atalog letter from the Coil
e Table below and substitute it

select the ¢

connéctors,

additional ch

tacts for Al
designed so that
contact closes before the correspond-
ing normally closed contact opens.
Overlap contacts.come in NO/NC sets
cartridges. Add catalog letter

S 1o the catalog number, Exam-
ple: AR420AS. Specify the number of
for orie'sét and S2 .

; Sets required:.S
dd $12 fist Pper set.

¥ for two sets.

. Ordér'by catalog number. AR relays
listed have 120/110 volt, 60/50 Hz
elays have 120 volt

SHADED letter in the catalog
number, .

* AR and ARD rela

0 contact:

ys listed are supplied
s which are easily
converted to NC. If both NO and NC
poles are required, order by catalog
number, Example: 4 pole relay with 1
NO and 3 NC contacts, order AR413A.
Add $12 list perr R
CREW Terrinals - For ring-type °
add Suffix R to the cata-
log number.. Example: AR420AR. No
arge. .
*® OVERLAP Contacts — Overlap con-
R and ARD relays are

elay.

a normalily open

Coil Voltage Tasle -

1arGoits - ARD Coils
Volts Catalog
Ac Sutfix

12 D;

24 [
.48 M
1350 B!
208 ut
2400220 T
277 -
4801440
550
6005550
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HNF-2488, Rev. 0 PAGE Y B2
Page C-23 GE Control Relays

CR120B Machine-Tool and Industrial Relays

600 Volis
10 Amperes Continuous
50/60 Herlz

CR120BL latched relay CR122B pneumatic

time-delay relay

CR120BL Latched Relays ** AC Coil Suffix Table
Forms listed below have captive terminal clamps and {insert where ** appears in Catalog Number, ac relays only)
convertible contact modules. OC forms are available. Contact AC coil suffixes are the same for ac relays including standard,
nearest GE Electrical Distribution & Control sales office for pneumatic time delay, and latch.
information. Froquency | 2av | 1isv | seov | 200v | 208v | 230v | 460v | s75v | 6oov
No. of Poles® Catatog Number Ust price, 60 Hz s | 0 |20 a [2 [ o o [ o5 | os
Total NO NG AC Open Forms GO-10G4 v | tiov 220v | asov 4a0v_ | ssov
2 0 CR12081020°* 50Kz s | o7 B | o 09 10
2 i 1 CR120Bt011°* N
¢ 2 CR1208L002" - @ Coil 22 is dual rated for 120-Volts, 60-Hertz/110-Volis, 50-Hertz
3 [ crizostago:: 158 . operation.
1 5L021 X
3 1 2 CR1208L012"" . ; H i
. H ghiztaLorz:: . looo, 11 DC Coll Suffix Table
: o P g (Insert where 11 appears in Catalog Number, dc relays only)
1 CR1
4 2 2 CRi v [ 2av [ sy | eav | 1esv |
i 3 CR1
0 4 CR1 L 44 [ 48 l 49 | 45 | 41 I
3 0 CR1. . S
5 1 ér1
s ] cri Coil Data
s 3 3 & Inrush VA Scaled VA | Sealed Watis
' 2 CRi AC Relay coil 120 15 7
9 6 CRY AC Unialch coi 31 15 9.2
s 0 R o€ Relay coil 235 28 2
7 1 Cg: N
\ H 3 gg' Contact Ratings — All Relays
4 4 1,
3 5 CR1 Max, Max, AC Max. AC Max. DC Max, OC
% g‘ g:: Type | pax. ac | Conbn- | Volismpere Rating Rating Vollampere
0 H &t o ::ads Vollage Ru;ﬁ.;‘sg Rating Amps Amps Raling
Amps | Make | Break | make [ ereak | s25v | 250v | 300v o tess
sl ® | 600 w [7200] 720 | 60 | 6 [ 11 |o0ss 138
Octay | 600 s Jas00|30] 30 ] 3 |os] - -

R . ® Use for CR1208 and CR122BT contacl rating.
CR122B Pneumatic Time-delay Relays
Alf Forms have INO-1NC time delay contacts®. Listed forms are field convertible from TDE to TOD and vice versa. DC forms are
available. Contact nearest GE Electrical Distribution & Conlrol sales office for information.

Number of Catalog Number AC Forms
Avxiliary Contacts Time Delay on Encigization Time Octay on De-cncrgization
. Time Range Time Range Trme Range Time Range
Total s ne 0260 Secones 5-200 Seconds 02:60 Saconds 5200 Seconds
None - - CR1228000°* A CR1228000°*8 CR122B000° '€ CR122B000°*F
2 0 CR1228020°* A CR1228020°*8 CR122B020°° € CR1228020°*F
2 1 1 CRI228011° A CR1228011°°8 CR1226011°"E CR1228011°*F
[ 2 CR1228002°*A CR1228002°*8 CR1228002°"E CRi228002°"F
3 0 CR1228030°* A GR1228030°* 3 CR1228030°"E CRI228030**F
3 2 1 CR122B021° A CRi228021°°8 CR1228021°*E
1 2 G Ze0ie A CRI228012*'8 CR1228012°*E
0 3 ER1228003°° A CR1228003°*8 CR1238003 "€
4 0 CR1. 40° A CA1, 40" B CR1, 407 E
3 ' CR1228031°° A CR1228031°* B CR1228031 €
4 2 2 Chs A Eri228022°+8 CR12280227 "€
1 3 CR1 134°A CR1 13°°8 CR1. 13°E
0 4 CR1228004°° A CR1 8 CR1228004** €

&é **Insert coil number from AG Coil Suffix Table 1o complete Calalog Number, ®Form Z contacts. Polarily must be observed.

»¥ References: References:
Instructions: Instryctions: (Time-delay Relays)
GEH-4115 (AC Relays) GEH-4119 (CR122BT Relays)
GEH-4120 (Lalch Relays) GEH-4147 (CR122B Relays)

GEH-4143 (DC Relays)

Prices and data subject 1o change without notice 1993 Issue 9-3




Dry-Type Distrihiition Trnr\sformers
HNF-2488, Rev. 0

Technical Data

Page C-24

CAC . \W320-3\-022

ATTACH MEQT + C
PAGE + C—l
Typical Data for 600 Volt Class Dry-Type Transformer
kVA Type | Deg.C | Dimensions, (in.)} Losses in Efficiency % Regulation
Rise Watts
Height | Widih | Depth | Weight | weight | N.L. Total Y4 V2 Y Full 100% | 80% [ % Imp.
X {Atum} | {Cu.) Load | Load | load | Load | P.F. P.F.
Lbs, Lbs.
0.25 | EP 80 7% 4% 4% 12 13 36 | 80.0 82.0 85.0 87.5 9.2 8.0 9.24
0.5 80 Ths a% 4% 13 20 45 | 85.2 90.5 91.6 91.8 5.07 4.54 | 512
0.75 80 8% 6 5% 20 21 54 | 891 92.8 93.5 93.3 4.14 3.33 | 444
1 80 8% 6 5% 30 29 n 95.2 96.0 96.0 95.1 4.09 3.62 | 418
1.5 80 0% 6% 6% 40 37 92 | 945 95.5 95.1 94.3 3.83 3.60 j 3.70
2 80 10% 6% 6% 40 37 97 | 954 96.5 96.4 96.0 3.18 330 | 342
3 115 14% Vs 8 65 89 74 144 § 95.0 96.3 96.3 95.9 3.25 3.50 | 3.53
5 115 16 10% 9% 113 120 104 201 ) 9686 97.35 | 87.2 96.85 { 2.58 2,50 | 2.64
7.5 115 16 10% % 123 133 149 271 | 97.0 97.65 | 97.5 92715 | 231 2,50 | 2.54
10 115 19 13% 10%2 193 208 160 317 | 96.1 87.3 $87.4 97.25 | 1.95 2,10 } 2.18
15 115 18 13% 10% 216 235 230 454 | 97.6 98.15 | 98.1 97.8 171 1.80'| 1.85
25 115 22%s 16% 14% 385 414 284 550 | 97.3 98.0 98.0 97.8 1.18 1.63 | 1.65
3 116 .| 13% 15'%s 8%s 116 123 121 183 | 94.2 94.75 | 94.0 92.9 8.73 7.9 7.93
6 115 F 15% 18%2 % 143 153 140 288 | 93.6 95.3 95.2 94.8 3.35 3.6 3.7
9 115 15% 16%2 L2 166 178 189 412 | 96.0 96.8 < 96.7 96.2 3.07 3.4 2.96
15 115 17% 181 | 10%e 275 300 216 534 | 96.9 97.5 97.4 97.0 2.38 291 | 28
30 115 26% 25% 12% 422 504 229 681 | 96.7 $7.8 97.9 97.8 151" | 292 | 2.44
25 150 3% 22%; 20 310 380 200 1050 | 96.1 96.8 96.6 96.0 3.5 4.0 4.0
37:5 150 43% 22 20 375 450 250 1550 | 86.1 96.8 96.5 96.0 3.5 5.1 5.2
(50 J 150 43% 22 20 425 500 300 -1 1950 | g6.8 97.2 96.8 96.2 35 5.9 6.6
75 . «J‘\ 150 52 26 24% 635 725 350 2750 | 97.7 98.2 98.1 '} 97.8 2.1 5.5 7.6
100 . /‘\\"\ 150 52% 26 24% 725 825 450 2850 | 97.7 97.9 97.6° | 97.5 2.7 5.7 7.3
167 i 150 62% 30 34 1200 1350 750 3250 | 97.8 98.3 98.3 98.0 1.7 5.1 6.8
15 OT-3 | 150 25 20% 14% 152 - 172 150 875 { 95.0 95.5 95.3 84.5 4.8 5.0 5.2
30 150 30% 20% 14% 230 300 200 1600 | 96.3 86.5 95.9 95.0 4.7 5.6 5.6
45 150 30% 20% 14% 310 370 300 1900 | 96.5 96.9 96.5 96.1 3.7 4.5 4.5
75 150 37% 26'% 19% 480 550 400 3000 [ 97.0 97.2 96.8 96.1 3.6 4.9 4.9
125 150 37% 26% 19% 600 675 500 4900 { 97.3 97.2 96.6 95.8 3.9 58 5.9
. 150 150 46%2 26 20%s 760 850 600 6700 | 97.4 97.2 96.5 95.7 3.8 5.7 6.2
225 150 58 31% 24% 1100 1200 700 8600 { 97.9 97.7 97.0 96.3 3.7 6.0 6.4
300 150 56 3% 28% 1300 1750 800 10200 | 98.2 97.9 97.4 97.6 3.4 6.3 7.1
500 150 75 442 36 2400 3100 1700 9000 | 98.4 98.7 98.6 98.4 1.5 4.2 5.5
750 150 75 442 36 2900 3600 2200 11700 | 984 98.7 98.7 98.5 1.5 4.7 6.3
1000 150 75 47 41 4000 — 2800 13600 | $8.6 98.9 98.8 98.6 1.2 A7 6.5
15 15 25 20% 14% 152 172 150 700 | 95.3 96.3 96.1 5.6 3.8 5.1 5.2
30 115 30% 20% 14% 230 300 200 1500 | 96.4 96.6 96.1 95.3 4.3 4.5 6.3
45 115 30% 20% 14% 310 370 300 1700 | 96.7 97.2 96.9 96.4 3.1 3.7 3.7
75 -~ 115 37% 26% 19% 480 550 400 2300 | 97.3 97.7 97.5 97.0 2.6 4.0 4.6
1125 115 37% 26% 19% 600 675 500 3100 | 97.7 98.0 97.7 7.3 2.5 5.5 6.5
150 115 48%2 26 20%s 760 850 600 5900 | 97.8 97.9 97.5 97.1 3.8 5.9 6.2
225 115 56 3% 24% 1100 1200 700 6000 { 98.2 98.2 97.9 97.4 2:51 5.7 7.2
300 115 56 31% 24% 1300 1750 800 6600 | 98.4 98.5 98.2 97.9 21 5.0 6.3
500 115 75 44, 36 2400 3100 1700 6800 | 98.4 98.8 98.8 98.7 1.2 4.1 5.5
15 80 30% 20% 14% 230 300 200 500 | 94.5 96.4 96.8 96.8 2.0 2.2 23
30 80 30% 20% 14% 310 370 300 975 | 955 $6.8 97.0 96.8 23 2.9 2.8
45 80 37% 26% 19% 480 550 300 1100 | 97.0 $7.8 97.8 97.6 1.8 2.8 2.9
75 80 37% 26% 18% 600 675 400 1950 | 97.5 87.8 97.8 87.4 2.2 35 3.7
125 80 46Y2 26 20%s 750 850 600 3400 § 97.3 97.7 97.4 $7.0 2.6 4.1 [ 43
150 80 56 3% 24% 1100 1200 700 3250 | 97.8 98.2 98.1 7.9 1.8 3.8 4.1
225 80 56 31% 26Ye 1300 1750 800 4000 | 98.2 98.6 88.5 98.2 1.6 4.2 5.3
300 80 75 44%2 36 2400 3100 1700 4300 | 97.6 98.4 98.6 98.6 1.1 2.7 4.1
500 80 75 44Yy 36 2900 3600 2000 5500 | 98.3 98.9 98.8 98.2 1.2 4.0 4.5
Catalog Reference 47-600
116 July 1991
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; i Page C-25 cgr B
Selection Guide P
Ferrule Fuses Pin Indicating Type o
352" X 12" 1¥32" X V"X 1" Va" X 11" 342" X 1"

Various Lengths {Power Etectronics)

Fast/Medium

Dual Element Time-Delay Non-Time Delay

FNQ FNQ-R SC TDC 180 GBA GLD MIC
For motor conirot Igeal for Control For branch circuits & | BS 1362 Fibre. Highly visible | Fibre. Silver-plated Silver-plated pin for
T y IEC 269-3A red pin ejects when pin for positive positive signal
Circuits with inrush Protection. UL Class | protection. U.L, fuse opens. signal activation activation if fuse
1's. 10,000 AIC. C, CSA Class G (Y210 5A when fuse opens. opens.
Single element HRCI-Misc, fuses do not have 8000 AIC.
above 3%0A, 200,000 AIC. time delay).
100,000 AIC.
(page 40) (page 40) {page d1) (page 42) (page 43) (page 43) (page 43) @
~ - Cebe _G0OVVC IA 240VE4 GBA-Y: _ 125v4¢ GLD-%2  125vY% MIC-1  250vY
FNG:Yio — 500VUC - -1 300vC 24 __24QV0% GBA-% _ 125V0C GLD-% __125VVC MIC-2__250vV
FNQ-Ys _ 500VV¢ - C-2  300vue 3A 24084 GBA-1__ 125VWC GLD-1 _ 125VVC MIC-3 250V
FNQ-'ioo  500VUC = C-3__300voC 5A  23QvEA GBA-1% _125V9¢ GLD-1Ys 125V MIC-5_250VY
— = C-4 300VYC 7A __2:0v8A GBA-2__ 125V%C GLO-2 __125VWC MIC-10 _250vY
FNO-%0  500V0C - C-5_ 300vC 104 2¢0V6A GBA-3 _ 125VVC GLD-3 __125V%C MIC-15__250vY
FNQ-%s _ 500VUC - C-6_ 300VU¢ 13A_2:0VeA GBA-4__ 125v9C OLD-4 — 125v0C MIC-20 32V
FNQ-Ya___500V0¢ FNO-R-Ye __ 600VSC C:8  300VvC GBA-5 12500 GLD-S ___126vWC MIC-25 32V
FNQ-%o  500VE FNQ-R-%10___600V. C-10_300V5¢ GBA6__ 125V GLO-6 125V MIC-30 32V
- - C-15  300vvC GBA-8 125V GLO-10 125V -
FNQ-%o__500V0C FNQ-R-40__ 600V C-20_300VC GBA10 125V GLD-12__ 125V -
ENQ-'4 500vYS FNQ-R-%2  600VV¢ C-25 _300vVC GBA-15 125V GLD-1§ 125V -
FNQ-%9 __500VUC FNQ:R-%10 _ 600VYE C-30_300VvC - - -
- FNQ-R-% C-35_300vC - - —
FNQ-%io _500V9C FNQ-R-%0 600V C-40_300VUS - - - - -
FNQ-1 500VUC FNQ-R-1 600V C-45 _300VUC Various Sizes ~ - -
- FNO-R-1%0_ 600V €50 _300VUC f - - -
= FNQ-R1%ie_600V C-60 300V Fast-Acting [~ = =
FNQ-1% 500V FNQ-R-1% 600V - - - -
_FNO3V,__ 500v0€ NQ-R-1% 600V = - - -
_FNQ1Y% _ S00VUC FNQ-R-1% 600V - — = -
__FNQ-1%0 _500vUC NQ-R-1%0 600V = - - =
— NO-R-1%0_ 600V - - - =
FNQ-2 50Qvyc _FNG-R-2 B0OVYS - = = -
FNQ-2Y4 _ 500V¥C FNQ-R-2% 600V - - = =
FNQ-2%: _ 500V5C FNQ-R-2%_ 600vUe | — - - - ‘
- FNQ-R-2%0 600V - i = - -
FNQ-3  500VYC FNQ-R-3__ 600VVC | — - - ~ -
FNQ-3%0__500VC FNQ-R-3%0 600V, — d - - -
FNQ-3Y:__500V9C FNQ-R-3¥:__ 600V = -~ - -
FNQ-4 — 500VYC FNQ-R-4  600VVS | — - ~ -
FNQ-4%2  500v9C - - = - -
FNO-5____ 500V9C ENG-R5 600V [ — 3 - - -
FNQ-5%0_ 500VVC - - - = -
FNQ-6  500vuC FNQ-R-6  600VSC | — - - =
FNQ-6% _500VY¢ FNQ-R-6% 600V — TDC 119-122 - - =
FNO-7 ___500VVC FNQ-R-7 600V - 85 1361, ~ - -
- FNQ-R-TV:__600VOC_| IEC 269-3 = = =
FNG-B___ 500VVC FNOQ-R8 ~ 600VVC | — 16.500 AlC. = - - @
FNQ-9  500vYC FNO-R-9  600VUC | — - - -
FNQ-10___ 500V FNQ-R-10__ 600VVC | — {page 42) - - -
FNO-12 ~ 500VVC* - - 5A__240V - — —
FNG-15  500Vv¢ - - 15A_ 240V - - -
FNQ-20 _ 500VY - - 20A 240V - - -
FNQ-25 _ 500VY - - 30A 240V - - -
FNQ-30__ 500vY - — - 45A 230V = o -
YU.L. Listed: °CSA Cenified.  ®8rinish Standarc Approval AASTA Approval. 18
“Also FNQ-14



Buss Fuses—Detail Data ATRCLMENT ¢ D

PAcE ¢ D-Z

Ferrule Type—Power Electronic

Type FNQ
32" X 1%”(10.3mm x 38.1mm)
Time-Delay

Fibre. For motor control transformers and
other circuits with inrush currents. Inter-
rupting rating— 10,000AIC. Mount in
Buss fuseholders, fuseblocks, and clips.
Shipping weight per 100—1.5 Ibs.
(680g). U.L. File E19180; Guide JDYX.
CSAFile 53787; Class 1422-01.

Type FNQ-R
"¥a2" X 12" (10.3mm X 38.1mm)
Time-Delay

The Bussmann CC-Tron™ (FNQ-R) was
developed to meet a specific need in the
industry—control circuit transformer pro-
tection. lts voltage rating, interrupting rat-
ing, time-delay, high degree of current
limitation, and rejection feature uniquely
qualify it for this task. Mount in Buss Class

CChblocks page UL Listed File E4273
Branch Circuit Fuse; Class CC; CSA File
53787—HRC-MISC

Eleclrical Ratings (Catalog Symbol and Amperes)

500 Volls 500 Volts 500 Volts 500 Volts
FNO- 10 FNO-610 FNO-3%10 fNO9 . .
NOA ENOT N3 O U: . Electrical Ralings (Catalog Symbol and Amperes) 200K AIC
INQ- 100 FNQ- 1Y ENQ-4 FNQ-12° ;IEZA 600 Volis 600 Volts 00 Volts
FNQ-%0 . FNQ-1Va FNQ-4¥2 NO- ENQ-B-1%10 ENQ-R-1"i0 NQ-R-3'2
fome _ Uh  TRoTe Y& Q- UL Tena FNOQ-R-11g NO-R2N N A0S
O __ 7% [P wg e oS Lo o FNO-Rrivs QA2 NQR5K
eEm RO & o FNOA0 UL FNG-A1% z NGRS
FNQ-310 TNO-2% Q-6%4 — Listed HQ-R-112 NQ-R-6%
FNQ-'2 ENOQ-212 ENQ- — NO-R- 1% FNQ-R:
FRaGio FNO- FNO-8 = NO-R-1vw NQ-R7 Y
*Also FNQ-14 Y.L Listed: °CSA Certified
P
o o
2 8 o AMPERI
« 2 5 § S| low  AMPERE £
S B et ch 2@ BATING . s oo Vo porr Ve D Yo prp e i
jovil] | h\ fil
200} ‘ \ ﬂ
woL\.a Emet
soE =) St
i wasid ek
A=\
30 fomaad |
I\
20
RN
\

o e o o el

_TIME IN SECONDS

TIME IN SECONDS

nem N B eSS B 88 So2 Ses g8

Fotm 220 (1973) CURRENT IN AMPERES
Tine-Cutrent Curves— Typical

Form 221 {1973

U.L. File E19180; CSA File 53787

A

CURRENT IN AMPERES
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Calc: W320-31-022
Attachment: D

Page: D-3
TELEPHONE CONFERENCE MEMIORANDUM

company: ICF Kaiser Hanford Company Address: P.0. Box 888, Richland, WA 99352
{1 tncoming [X] ourcorne pate:  10/6/94 Tive: 9.00 AM
wits: Dave Burnhard of: Bussmann Fuse Co. phoNE:  (314) 527-1224
WITH: OF: PHONE :
Copies to: Name ) Address

NA NA
subject: Fuse Resistances
Moe Khorsandian W-320 Project,
Engineering Services W320-31-022 Calculation (509) 373-2331
Department Telephone #

Summary of Conference

Per telephone conversation with Mr. Dave Burnhard, the resistance ranges of
FNQ type, time delay, dual element fuses are as follows:

FNQ-1 0.0456 to 0.7

FNQ-2% 0.08 to 0.114
FNQ-2% 0.073 to 0.093
FNQ-3 0.0395 to 0.056

R ol o i =)

HNF-2488, Rev. 0
Page C-27

54-7600-098 (5/90) {Ef> GEF017
Telephone Conference Memorandum



PUSHBUTTONS AND INDICATING LIGHTS
30.5 mm Corrosion Resistant, Heavy Duty Oiltight

CHESS YN e™m2 07 T

ATTacnmEd T £

General Information PACE. « € -)
TECHNICAL DATA
® Standards and approvals: ® Low voltage switching
UL 508 Conical shaped points or “reliability nibs" improve perform.-
e 947652';' 25327?3 ance in dry circuit, corrosive, fine dust and other contanyi-

® Ingress Protection (IP ratings to |.E.C. 144 — BS5420):
Alfoperators® .......... UL Listed (NEMA) Type 1, 2,
3, 3R, 4, 4X, 12, 13 when mounted in enclosure
rated for those same applications
Pushbuttons when fitted with a rubber boot........ P66
ENCIOSUrES .. .vivri i P85

* Frequency of operation — maximum:
Alfpushbuttons . ............. ... 6000 ops/hr.
Key and lever selector switches. ......... 3000 ops/hr.
Auto-latch devices .................... 1200 ops/hr.

¢ Mechanical life:
Pushbuttons .................... 10x 108 operations
Contact blocks . . ... 10x 108 operations
PresTestunits. .......... ... 10x 108 operations
Lever and key selector sws. . . . 0.25x10° operations
Twist to release pushbuttons .. ... . 0.3x 108 operations

e Climatic conditions:

Operating ............... maximum 60°C at 95% RH,
Temperature -17°C to 66°C, altitude 2000 meters
Storage. ..o maximum 60°C at 95% RH,

Temperature -40°C to 80°C

* Shock resistance:
Duration ....vvinn i 20 mS 2 8g

ALt ASA s

USHBUTTONS &

® Electrical Ratings:
Insulation. ..........o.o il Ui =660V ac ordc
Thermal. ..oo.ooeie i Ith = 10 amperes
Short circuit (LE.C. 947-5-1)
.............. 1000 A with a 6 A (NIT) fuse (to BS88)
NEMA, ULrating. . ...oovvvnvnvnninnts A800, P600
Ac load life duty cycle 1200 operations/hour
0. 110V pf 0.4 — 1 x 10° operations
.. 250V pf 0.4 - 1x 10° operations
. 860V pf 0.4~ 1 x 10° operations

® Switching capacity:
AC15 rated make/break (11 x le at 1.1 x Ue)

BA e 120V pf 0.7
4A ... .. 240V pf0.7
2A e e 660V pf 0.7
DC13 rated make/break (1.1 x le at 1.1 x Ue)
DA 125 V LUR 2 0.95 at 300 mS
0.55 A ... 250V LUR 20.95 at 300 mS
0.2A.. ... 600V L/R20.95at 300 mS

T0A . e 110 V pure resistive
® Light units: .
Transformers. ........... will withstand short circuit for

1 hour per L.E.C. 947-5-1

Bulbs - average life:
Transformertype . .........covviunnnnn 20,000 hrs.
Resistor/direct voltage type. . ............. 2500 hrs.
minimum @ rated V

F:T'N
M-86

HNF-2488, Rev. 0
Page C-28

nated atmospheres. Under normal environmental condi-
tions, the minimum operational voltage is 5 V and the mini-
mum operational current is 1 mA, ac/dc.

® Contact operation

Slow make and break.  All normally closed contacts have
positive opening operation, i.e., normaily closed contacts are
forced open in the event of contact weld or spring breakage.

® Terminal marking

NC - NO on the contact block to meet the NEMA require-
ments. Dual marking system 1 - 2 for normally closed, 3 - 4
for normally open to meet BS5472 (Cenelec EN50 005).

* Terminal clamps

Terminals are saddle clamp type for 1 x 22 AWG [0.5 sq. mm]
to 2 x 12 AWG {3.0 sq. mm] conductors.

Maximum......... 0.25 in [8 mm] including legend plate

Minimum . ... 0.06in [1.6 mm;
Maximum can be increased to 0.375 in [15.9 mm)] using
optional retaining nut. See Page M-101 or catalog numbers.

® Mounting matrix

Legend : Dimensions in nches [mm)] .

P!ate A B, UG A]D
. Smalt 1.63[41.3 2.25 [57.2} 1.63[41.3] |.2.25[57.2)
Medium | 1.63(41.3] | 2.25{57.2] | 1.87[47.6] | 2.25[57.2]
large ~ | 213[54.0] | 231{68.7] | 23(58.7] | 2.25(57.2]

TERMINALS AT SIDE

Horizontal Mounting Vertical Mounting

Horizontal mounting means terminals are located top and
bottom of contact block. Vertical mounting means terminals
are left and right of contact block. This allows close spacing
of adjacent operators with easy access to terminals.

NOTE: Locating nib hole or notch is
14" [3.6 mm] #29 drill. Alternate to
drilling mounting hole, use Greenlee
Tool Co., punch No. 730-S to punch
the hole and follow with punch No.
730-K to cut the notch.

© Use NEMA 4X 10250T operators where
exposed to Ultra Violet light, see Pages M-53 - M-84.

July 1




FUOADUITI TUNOS ANU INUILATING LIGH T o

30.5 mm Heavy Duty Oiltight
Assembled Devices

PresTest Indicating Light — This device incorporates a
PresTest feature whereby depressing the lens disconnects the
light from the source being monitored and connects the famp to
a continuously energized circuit for immediate test for a faulty
lamp.

CALe N D20- "2 002
ATTASH M ENT: £
(’K—Cﬁ N

.. INDICATING LIGHT W/ LENS ASSEMBLED— UL (NEMA) Type 4, 4X, 13 Transformer Type, 120 V ac 50 or 60 Hz

Master Test Indicating ' Light — Available with solid state
isolation or with transformer/relay type isolation, these dual’
input light units can be energized either by a monitored signal
or by an independent test signal. This permits testing the lamps
on a group of Master Test type indicating lights from a single
pushbutton or other switch. See wiring diagram below.

i

—

PresTest Indicating Light
Cat, No. 10260T74NR
—

1

—1

TEST OUT"  |LLUMINATED.: ,
MASTER ‘OPERATCR.
—0 o— TEST
Standard Indicatiny L;ghl uoouLES
Cat. No. 10250734 X . .
Master Test Wiring Diagram
STANDARD UNIT PRES-TEST MASTER TEST @
Plastic Lens
tamp Lens . Plastic Glass 3
Volts Plastic Lens . .
Number Cotor e Lens © Lens O Transformer Type. Solid State Type
ons Price Prce with Relay © | (Uses 2 20M8 Lemp) )
Cat.No. @ | Price Cat. No. Price "~ | Price -
102507 102807 .

Red -, 34R. g;ug

Green
rsS o | Amber 37NA

120 | (WHLAISO | o T I
Accept .
£44) Blue 37NB
Clear 34C - 37NC
White 34w 3TNW

© For flashing famp add letter *F" to listed catalog number and add $6.00 to price. Example: 10250T34RF, Price $70.20.

& The Transformer/Relay type puts ou slightly more light because it operates on full wave.

POTENTIOMETER WITH KNOB AND STANDARD
DIAL PLATE — Linear Type +10%

2 Watt (50 V Max.)
- Single Potentiometer

4,13
90 Standard Dial Plate
Price

Potent-
iometer
Ohms

Vertical or Horizontal
One Hole Mounting

With Standard Dial Plate Operator Only ©

© Large dial plate with space for legend is available at no charge To onder, add suffix 36 to cav.alog number, Ex-
ample: 10250T33136. To order separately, see footnate € bei

O Large dial plate has space at top for 15 letters 3/32 inch high. For custom stamped legend plates, order
legend plate as separale item 10250TR30 and specify stamping — Price $6. (without stamping — $1.80).

HNF-2488, Rev. 0
Page C-29

© For use with p having shaft di per drawing on
Page M-81.
DIMENSIONS, Pages M-82 - M-84
E:T°N :
M-56



- CAleN320-2 o FUSHRDUT TUNO AN INUICATING LIGHTS
ATTAchM ENT: £ 30.5 mm Heavy Duty Oiltight
Prag . £-2 Pushbutton Components

-.7@ ORDERING COMPLETE UNASSEMBLED OPERATORS USING SINGLE
COMPOSITE CATALOG NUMBER

For convenience — when ordering from the components list- Combined into a single catalog number (Any component may
ings — the individual component catalog numbers may be be omitted by merely collapsing the number to eliminate the
combined into a single catalog number. Individual components space).

will be packed in a single box labeled with the combined
identification number.

Operator Lensor { Hyphen nnlact Legend
Button © Blocks Plate
. 1182507 | 411 | C21 - | 153 833

Example: :

Component numbers for an illuminated pushbutton with red Order Cat. No

lens, a NO-NC contact block, a NO contact block and “START”

legend plate. (10259T411)————/ (10250T533)

102507411 (iluminated pushbution — Page M-63) Suminated Lo ate

10250TC21 {red lens — Page M-63) Fyphen must .

10250T1 (NO-NC contact block — Page M-62) . appear before (10250753)

10250753  (NO contact block — Page M-62) : contact Blocks Ko

10250TS33 (“START fegend plate — Page M-76) (102507C21} (10250T4)
Red Lens 102507411021-153533 NO-NC

© When not included with operator.

ORDERING EXAMPLES:

For complete 10250T operators us-
ing single composite catalog number
-(Example: 10250T101-151833),
See Instruction Above.

Contact Block Contact Block Legend Plate
Operator 1025071 10250751 102507533
10250T101 (Page M-62) {Page M-62) (Pages M-76 - M-77)
PUSHBUTTON OPERATORS — Vertical or Horizontal Mounting — UL (NEMA) Type 4, 4X and 13
Color [Cat No.| Price Color ].Cat. No. | Price | Color & | Price
Standard Button @ Extended Button Half Shrouded Bunon 3}
10250T . 102507 :

Black 101 . . | Red 112

Red 102 Black m

Green 103 Green 113
Yeliow 104 Yellow 120

Gray ‘105 White | . 116
White 106 Biue 118

Blue 108 Orange 119

Orange | ~103.. .

Mushioom Head Jumbo Mushroom Head

gl:gk ) }%; ’_ glea: k };; . © If operators are to be mounted in a vertical row, specify
I . . 40 7213 VERT. for correct odentation of contact block terminats,
Yéﬁg‘;v . }%ﬁ R gseen 1 1%3 L See Page M-84 for mounting instructions.

Bue | ‘129 Yelow | 174 | . | @ EmergencyStop..

@ To order operator with factory assembled Extended Retaining Nut, 10250TA12, for thick panel appbcauons, add suffix letter "E” to listed cat. no, Example: 10250T101E.

MAINTA!NED PUSHBUTTON OPERATOR
Description

Minimum hole centers 1.62¢, maximum 2.50". Mounts in
extra deep enclosures only.

Black flush and green flush
Black flush and fong red. .
Black flush and red mushroom he:

Black flush and lock-down red mushr
Black flush and red jumbo’ mushmom head. .
Green flush and long red-.
Black fong and fong red..-.
Green flush and red mushroom head
Green flush and black fiush
© NC contacts must be mounted behind iock-down mushroom head operator (o ensure lockout.

DISCOUNT SCHEDULE 16D-1 DIMENSIONS, Pages M-82 - M-84

HNF-2488, Rev. 0
Page C-30
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L0) ' ATACMMENT & &
GE Push Buttons PAGE @+ B4

CRI04P Heavy-Outy Indicating Lights ¢

600 Volts Maximum AC/DC

10 Amperes Continuous

Suitable for Use in NEMA Type 1,

3, 8R, 4, 4X, 12 and 13 Applications®

siangarg Uni Lt | PeshigTest
- ;. J !
Units are supplied factory assembled when ordered Qoo | Cooro N Price, Cata
" CR104P GO-10P1 Number
with lenses. . CR104P
Resistor Type
Reg $52.20 LJ428
Green §2.20 L7426
Amber 52.20 Lraz2m
120 Vols. Blue 52,20 LYa2L
(#1835 White 52.20 LT42wW
Lamp) Yellow 52.20 LT42€
Clear 52.20 LT42C
tess tens® 48.00 LT42
Red 52.20 1T43R
Green 52,20 L143G
Amber 52.20 LI43M
240 Volts. Blue 52.20 LT43L
(120058 | winte 52.20 143w
Lamp) Yeliow 52.20 LT43E
Clear 2 L743C
Standard indicating light Push-to-Test Indicating light Less Lens® 48.00 LT43
Standard and Push-to-Test Indicating Light Standard and Push-to-Test Indicating
Units, Transformer Type Units, Full Voltage
" Push-to-Test . -~ { Push.to-Test
Standard Unit A . Standard Unit i
" Ust Unit List . . List Unit
Operaling Color of Ca!alogD Price, Catal Price, Operating Color of Calalo; Prlce, Calalog.
Voliage Lens Number B 5. Voitage tens Number 3
s CRios GO-10F1 Nxén’;::é:;b Go-0P1 9 CRioa GO-10P1 . Nngrét;%&@
Transformer Type with 6-Volt Secondary, Full Voltage Type
No. 755 Lamp Red LG 168 PLT16R
Green PLG16G PLTI6G
Red PLG32R $6420 1|  PLT32R Amber © PLG16M PLT16M
Green PLG32G  |.. 64220 132 svor® | Bue PLGI6L PLTI6L
Amber PLG32M €4.: PLT32M (#755 Lamp) | While PLG1EW PLT18W
120 Volis | Blue PLG32L PLT32L Yellow PLG16E PLT16E
(60/50 Hz) | While PLG32W 132 Clear PLG16C PLT16C
Yellow PLG32E PLT2E
Clear PLG32C PLT32C tesstens@|  PLGis PLT16
Less Lens® PLG32 PLTI2 Red PLGI7R PLTVIR
Green PLG17G PLT17G
Red PLG32R PLT33R Amber PLGI7M PLTI7M
Green PLG33G PLI3IG 12 Volis® | Blue PLG17L PLTH7L
Amber PLG33M4 PLT33M (#756 Lamp} | While PLGITW PLT17W
240 Volis | Blue PLG33L PLT33L Yellow PLGITE PLTI7E
(60/50 Hz) While PLG3IW PLT33W Clear PLG17C PLTI7C
Yeilow PLGIAE PLTI3E
Clear PLG32C PLT33C Less Lens® PLG1T PLT17
Less Lens@® PLG33 PLT33 Red PLG1ER PLTI8R
Green PLG18G PLTI8G
Red PLG34R PLT34R T82.20 Amber PLG18M PLT18M
Green PLG34G PLT34G - 82.20 24 volts® | Blue PLG18L PLT18L
Amber PLG34M PLT34M ,82.20 - (#1819 Lamp)| White PLG1EW - 5220 ;% PLY 18W
480 Volis Blue PLG34L PLT34L 82.20° Yellow PLGIBE . 52,20 PLT 188
{60/50 Hz} ‘White PLG34W PLI34W 1 8220 Clear PLG1BC - 52,20 PLT18C
Yeliow PLG3<E PLT34E I.8220
Clear PLG34C PLY34C 82.20 tesstens® [ PLGI8 . 48.00 . PLTIg -
tesstens® | PLG34 PLT34 7800 : Red PLG22R ;5220 PLT22R
Greea PLG22G 1 5220 PLT22G
Red PLGISR PLTISR B82.20 Amber PLG22M .. 5220 .. PLY22M
Green PLG3LG PLT35G - 82.20 120 Volis® | Biue PLG22L 52.20 PLI22L
Amber PLGISM PLT35M 82,20 {#120PSB White PLG22W . 5220 PLYZ2W
600 Volis | Blue PLGISL PLI35L 82:20 Lamp) Yeliow PLG22E T 5220 PUT22E
(60/50 Hz) | Wnite PLG35W PLT3SW | 8220 . Ciear PLG22C . 5220 | PLI22C
Yeliow PLG3SE PLT3SE - "82.20 -
Clear PLGISC PLT35C . 82.20 Lesstens® |  PLG22 43.00 PLT22
Lesstens®|  PLG3S $0.00 PLT3S 7800 © When mounted in enclosures rated for those same applications. For
No!es- Catalog Number and price do not include nameplate. All cs:grrrr,gs!\cl)iwrl:si?t’gr?c‘éx appiications, protective caps will improve
nameplates must be ordered as a separale item from pages ¢ el . s . "
7.26 gnd 7.27. P pag @ “CR104PXG . . ." Catalog Number on light unit fabef identifies only
Resistor forms of standard and push-to-lest indicating lights are g\e] Power sowrce ::omponen%o;gacr‘\jcoré\plele unit Ixsle(tiea}l)ove.
available. Conlact nearest GE Electrical Distribution & Control % et elg‘ rqu|r2e4 Vol aro! page T-29 ana o ot ebarare flem.
sales office for proper selection and pricing. ~, 12-, and 24-Voli units have same lamp sockel; lamps are

therefore interchangeable for voltage change.

Nameplate Selection .....pages 7-26, 7-27 Lamp Ordering Q
Dritling Plan and Information .................. page 7-24
Dimensions .........cv....... page 7-28

HNF-2488, Rev. 0
7-16 Page C-31

Prices and data subject to change without nolice




ATACKMENT 3 E
PAGE : B-X35
General Electric Miniature Lamps

PANEL, PILOT, FLASHLIGHT LAMPS

BULE SHAPEL:  ° TYP. S12E8
Desgin
a-, FK~ $- T Tl tamp " p Net por
No. | Bulb Base Voits Amps | Box of 10
X
@ .'I 0 U dget gooved 25 35 512170
265 G-3%4 Min. bayonet 28 .08 37.90
v 267 -39 Min, bayonet 63 15 3260
BASCL * 258 1% 8.C. mucget flanged 25 35 &
Fige, 2-pin  Screw Prel. Wedge Eoy. 280 -3Yi| Wedge 10 343 [.3:4)
285 3% Weage 50 09 €50
293 414 Min. Bayonet 1 3 &0
oo | dum, o |STl3ENmE 1E | ¥ |8
* g . bayonel a7
No. | Bufb Base voits | Amps | Boxat10 2 € gg bayonet 30 1710
- - .C. bayonet 20 1260
ez 3%2 ] $.C. min. flanged 228 2 e 38 -8 | S.C. vayonet 51 180
o 233 27 £50 305-AF -9 | S.C. bayonet 51 25.50
i 2. a = 306 -8 | O.C. bayonet .0 51
pae 24 R i 307 -3 | S.C. bayonat ] 7 19.00
per 37 3 Her 307-AF | -8 | S.C. bayonat 67 7750
R 2% o b¥%3 30781 {-5-8 [S.C. bayonet 67
pri2 P Fes3 30788 | S8 [S.C. bayonst 67 |1
patg petd - 308 s | D.C. bayonet o 67
43 b -2 5 308-AF | S-8 | D.C. bayonet 67 2470
44 ‘3 . 70 11 | S.C. bayonet
FEH) 75 8 720 30S-AF -11 | S.C. bayonel 50 4410
£ ¥ 300 21 310 11 | O.C. bayonet 80
N 5 ) iy 3 11 | S.C. bayonet 29 | 2810
i 3 s Fe] auat 11| SC-payoner 129 2
X . - - %] Min. bayonet k¥4
i G312 | i bweo-pin 3 P % 313 S.C. payonet 4100
1 G-3% | Min. screw 47 S 520 s -37s] Shin. bayonat o 0 a2
15 | G| Min. two-pin o0 4 850 e | Sheca v . BH
i Gie| Min, b A o red 325 14| Spocial ind. 19 7550
b S oo opin H R e e 327 -1%4| §.C. micget flanged | 2 04 7.29
27 G2 ] Min, screw i 30 1020 2Rt | T1%| 5.C. muaget flanged | 2 04 12480
37 T-1¥ | Subminiature wedge | 14 o &0 228 Y § midget flangs 20 2
10 -3Y4 | Min. screw 3 1 580 I3 SC. mioget flanged | 14 b =
b 3y | bin. scrow 2 B = a3 1% Midget grooved 28 04 $.50
8 R v b«lxﬂ 3 ks e 35 1% Midget screw 28 .04 2400
4 | bt 3 2 2 235 %) Migget groaved 14 08 120
a 3 2 byd a4 -1%] S.C. midget flanged | 10 014 920
F 2 5. w 5 -1%4] §.C. midget tianged 04 270
3 Roe Z Fee] as2x. 5 screw .0 07 2510
8y e 1 Erd 355 -3t Min, bayonet 2 az 1720
b t 70 b 7% 379 ~134| §.C. miiget 1 1
By &0 s 850 e d ~1%4] Midget screw 3 20 1130
& 52 By = 381 1% idg 20 870
5 140, 34 o) 382 T13f's 08 -920
385 T1% S o4 250
s 70 63 .yt T-i%) M 08 15
& 1;2 -g ?;33 287 T-1%] 5.C. o4 7
g . 63 v el T-1¥| M 04 120
4 :245 3 bry+] 34 T-1%] S 04 1120
7 113 | Subminiature wedge | 14 0 20 3RX | g3 S,C, min. tangsd o ne
;éx 1 1'.1-?5/ Snmumalm wecge | 1 s 3 Pred 406 -4Y4 Min, screw, Hasher 30 160
i L1 W . 3 1% 407 414 Win, screw, flasher 30 1100
i s ao%eaw 9 2 e 425 G414 Min, screw 50 180
X . ¥ 3
2 -5 | 0.C. bayonet s | 10 7% pri W m:dgbaycne! Hasher 5| 10
N 114 | Subminiature wedge .3 .04 750 458 14 Min, bayoaet a7 2050
85 1% | Subeniniature wesge | 2 04 X pres 3Ya) Wedge 7 930
85 ¥ | Seominiatura woage 3 20 7 500 w112] Min. crew 50 | ex
3 58 - | 0.C; beyonet .8 1.81 129 02 -4 Min. K
8 "] sC.bn ot g2 3 2% G474 Min, screw 35 550
% 3. yon 39 e 7% 503 -4'3 Min. bayonet .15 $.50
et w4 sc G: beyonet 133 158 e w % wanammw 3 T8 {1370
N 3 | B beyomet 128 104 1250 Fr b B L v
97 -6 | S.C. bayonst 13.5 6 590 551 -3 | Flat clip 135 97 10.50
S7A 6" | 5.C. bayonet 135 8 120 k
105 |88 |SC. bayonat 128 i 1250 e S To® st o |5
02 L3 | M, scrow 2: 2 12.10 605 S Mo ¥ % bt
-3V | Wedge .47 2! 250 3" . i :

R I e 4 2 = 612 374 Min. two-pin 21 .25 1840
531 20k | Minsorew 3 B 23 -6 | S.C. bayonet 2 37 2310
444 2 2 ' 824 -6 | D.C. bayonet 1 37

S e R M7‘° 631 -5 | S.C. bayonat 28 53 450
1 3% | tiwce ¢ 2 w 655 3%} Wedge 28 .08 | .e80
18 St | Wedge $ . ] 857 -3V} Wodga 1 06 %0
3%k | Wedge 1" bt et 31} Wedge 45 08 7.0
192 3% | Yrodge 13 22 1600 Fe64 A SReC e ° s 4520
12 ISn 3 E e & -1 | Wro torm . 08 *
1944 | T:3% | Wecge 14 2 2 "”.69.1 tanged | 28 - | - ]
] ~3V4 | Wecge 4 7 1350 70! -8 | S.C. bayonet 0 k
2112 | T-3 ¢ | Min, cap (round) 128 K 1050 715 1 | Wirs terminal ' 15 | esdox
212-2 [ T-3 | | Min cap {round) 13.5 74 1290 ”a Sub-micget flanged 3 s
214-2 -3 M, cap {round) 135 .50 150 755 32| Min. bayonet o 270
2 ’_tg m::aw 2,28 25 740 756 3Vs| Min. bayonet 08 1050
37 | Mird bayonet ey iy 720 o] M payenet 2 ™
b gl . g 787 ~2Va] Min, dayonet 0 2.0 21700
28 L3 i acrow zzﬁ .‘,(7 50 7T‘;3 ~§z4 Min, two-pin 1 67 80
251 V% | S.C. mid. flanged 247 ; 2% T 53] b i 3° % | =

- 82 '11::‘/‘ S.C. 4 Hanged gg s1.50 78 -2Va| Min, two-pin 1 1.0 7420
253X TL-1%4 Misget grooved 25 E 1230 -sc s-nglecenuchC Goubla conact: Min., mniature; Mi xmno\sce
287 g:::/g :{hn. b&yone;. fasher | 140 2 . 1& red. §0utside coated green, Aomwe coatod urbef por .
i Y-:I‘/f wm. scrow, flasher 14.0 E bt m-nvnum quantty of SO0 lamps.

edge 63 2

CONTINUED ON FOLLOWING PAGE

HNF-2488, Rev. 0
SEE PAGE 2 FOR YOUR NEAREST SOUTHEASTERN ELECTRONICS STORE Page C-32




' - . } cale. WB20-3 o2
Rockbestos® Firewall’ SIS <727
Switchboard Wire

600 Volt = 90°C. (194°F.) UL Listed .
For those customers who require more than the UL minimum

HNF-2488, Rev. 0
Page C-33

Utilities, industrials and other users of switchboard wires
are becoming increasingly concerned with quality and
performance. To satisfy these demands, Rockbestos
offers its superior quality Firewall SIS Switchboard Wire,
which is a specially compounded cross-linked polyolefin
insulation that incorporates long-term moisture stability,
radiation resistance, flame resistance znd excellent aging
properties.

Passes UL Vertical Test Radiation Resistance
{Not required by UL for Type SIS}

Dielectric Breakdown On Single Conductors

Single conductor samples were bent in a U shape around
mandrels of the diameters shown and the-U-shaped sec-
tion then immersed in water. A.C. voltage was then ap-
plied until dielectric breakdown occurred. Values are
shown only for the two severest bends, since less severe
bends generally produced higher values.

Mandref Diameters
Exposure Level 3X(.45} 1X(.15")
Unexposed 23KV 23KV
s x 107 . 35KV 34KV
-108 30KV 29KV
2 x 108 27KV - 27KV
Serviceable After 2x10® ’
Excellent Aging

Time To 20% Loss In Elongation

_m.\
. . -2 yrs.
LLong Term Stability in Water

{Not Required by UL for Type SIS) - 1yr

— € mos,

Time

— 1day

t 13 1 [}
75 90 121 136 150 1.
Temperature C.

o




Dimensional Data

Construction: Solid, stranded or fiexible stranded

tinned copper insulated with heat, moisture and flame-
resistant cross-linked polyolefin. Surface printed with

size and UL listing.

Application: Recommended as a general purpose heat,

moisture and flame resistant wire for use in wiring

Stranded Conductor

Table SISS

cpte. W 32e-2(-02
ATTacHow Ert 'f", F
L PACE . e

switchboards, panel boards or other electrical apparatus
where superior performance is required.

Advantages: Resistant to moisture, abrasion, cut-
through. In addition to meeting all UL requirements, it
also passes UL 83 vertical flame test as a superior flame-
resistant wire.’ .

fnsulation Nominal MFt.

Size Stranding Mils 0.D. Net Weight Ampacity*®
14 7/.0242 30 140 20 25
12 7/.0305 30 160 28 30
: 10 7/.0385 30 .180 42 40
8 71,0488 45 240 70 50
6 7/.0612 & 320 113 70
4 7107172 60 370 167 90
2 710994 0 A30 251 120
1 19/.0664 80 470 310 140
1/0 19/.0745 80 545 398 155
2/0 19/.0837 80 590 . 489 185
3/0 18/.0940 80 640 604 210
410 18/.1065 80 690 750 235

*Ampacity based on 3 conductors in conduit, or enclosed cabinet, 30°C. ambient, at 90°C, conductor temperatures.

Flexible Stranded Conductor

Table SISF
. Insulation Nominal - MFt, '

Size . ' * Stranding ‘Mils 0.D. Net Weight Ampacity*
14 41/.010 .30 140 20 25
12 : . 68/010 ‘30 160 28 30
10 105/.010 30 190 43 40

8 - 133/0111 45 270 75 50

6. " -t 13370140 60 340 119 . 70

4 . .. 133/.0177. &0 400 . 170 S0

2 1 133/.0223 €0 470 X -, 254 120

1 259/.0180 80 515 - s 326 140
10 - 259/.0202 80 595 : 412 - 155
2/0 259/.0227 80 650 508 185
3/0 269/.0255 80 J10 630 . 210
4/9 - 259/.0286 80 J70 780 235 -

*Ampacity based on 3 conductors in conduit, or enclosed cabinet, 30°C. ambient, at 90°C. conductor temperatures.

NOTE: Also available in solid conductor (Table SIS).

HNF-2488, Rev. 0
Page C-34
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. =
Conductor . .
Ted-cosred dopph Firewall"SIS
IRE TR Switchboard Wire
R |/ (XLPE)

90UC*, 600 Vol
Class 1E Nuclear
NEC Type SIS

- - UL Listed®*

¥ n
Insulation -

crosslinked polyethylenl -
(XLPE) l Spcc. RSS-4-002
’ ‘ R . RN

oo .; A 8

- Firewall§ SIS s a.one conductor uxfuacketed nucleﬁr
~Class, 1E SWItchboa.rd Wire s :bongh thermosét‘\ installed: in $witchboards, |
'+ construction a.'llov‘vs for,lts wse in denmndmg apphca— .

tons vnﬂxout addiuo‘nal‘ ‘}acka,u.ug p\:ntemon. It 1ls,

,.;; b e o

Features -

« Thermoset-insulation for enhanced
thermal stability

«Specially formulated- insulation_for
superior long term water resistance -
= Extremely flame retardant

« Nuclear qualified with 2 minimom 40-
year thermal life expectancy at 80°C -

« Radiation resistant (up to 200 megarads)
= Full traccability
=« Excellent mechanical properties

« Tin-coared coppet conductors for im-
proved terminations and corrosion
resistance

» All cables pass a wet dielectric {tank)
test to verify insulation integrity _
« Easy strippability for installation ease

e Low surtace coefficient of friction
insures installation ease with reduced
pulling tension required

Wi

AT 1:;Ssope W e

s
'reqﬁ'ued.

Performance Standards

~Insulation in accordance with ICEA
standards S-66-524

* Class 1E qualified in accordance with
IEEE-383 and IEEE-323 (Rockbestos
Reports QR-5804 or QR-5805)

* Wire passes the vertical flame tests
specified in IEEE-383 para. 2.5.6
(ICEA $-19-81 Section 6.19.6) and
UL VW-]

° Quality Assurance ‘program in accor-
dance with 10 CFR 50 Appendix B

= UL listed as Type SIS for sizes 14 AWG
through 4/0 AWG (UL standard 44)

. b T
ad ! B N

mtended for low voltage' vapplfcat}ons and may be

énel ‘boards or ‘dther

- elecmcaI apparatus. whe;e Sui:encr pe.r;form-mce is

Construction

Conductor:
Annealed. tin-coated copper. (available
in various stranding classifications)

Ensulation:

Proprietary heat, moisture and radiation
resistant, flame retardant crosslinked
polyethylene

* Rated 90°C for normal operation in wet and dry 130°C for y overload conditions, and 250°C for shon circuit conditions,
A 90°C dry rating must be uxed when the National Efectrical Code applies.
s* 13 AWG & Larger, B HNF-2488, Rev. 0
Page C-35 -
Reckdestos-Surprenans Cable Corp. @ 1887 » Clinton, MA - East Granby, CT « 800-8$4-3792 + 508-365-6331 » Fax: 508-365-4054 « hllp:/rwww,f-sCC.com >l
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Firewall®SIS
Switchboard Wire
(XLPE) .

90°C*, 600 Volt

Class |E Nuclear
NEC Type SIS

UL Listed**

Spec. R§S-4-002

Stranded
Conductor  Number Insulation Nominal Approximate
Product Size B of Stranding Thickness Diameter Net Weight
Code (AWG) Straads Class (Inch) (mm) (Inch)  (mm) (Lbs/M")
A82-1186 18 7 "B” 030 - 762 R 279 10
A82.0166 16 - -7 - “B* 030 762 7 12 3.05 13
AB2-0146 14 7 - "B" 030 7.62 a3 330 19
A82.0126 I “B" 030 7.62 .15 3.81 28
A82-0116 10 - ? "B” 030 7.62 .18 4.57 40
A82-1086 8 7. - “B" 045 1143 24 6.10 70
AB2-1066 6 7 “B” 060 i5.24 .30 7.62 ito
- AB2.1046 4 7 “B” 2060 15.24 _ .35 889 70
A82-1026 2 7 “B" 060 15.24 Al 10.41 250
- - A
AB2-1016 i - 15 “B" 080 20.32 49 12.45 325 (;
AB2-1100 0 19 “B" 080 20.32 53 13.46 400
AB82-1200 20 19 “B” 080 2032 57 12.48 490
AS82-1300 - 30 19 - “B” 080 20.32 62 1575 610 -
A82-1400 -4/0 19 “B” .080 20.32 68 17.27 755
Flexible Strand .
A83-0186 18 - 16 “K" .030 7.62 B 279 10
AB3-0166 _ 16 -26 “K” 030 - 762 A2 305 14
A83-0146 14 _41 K" 030 7.62 .14 3.56 19
-] A83-0126 12 - (] KT 030 7.62 S 3.81 28
ag3-otle 0~ 105 “R" 030 7.62 .19 4.83 43
A83-0086 8 133- “HT 085 1143 26 660 72
AB3-0066 _ 6 133 “H" 060 15.24 .33 8.38 s
A83-0046 4 - 133 “H* 060 15.24 .38 9.65 175
ARB3-0026 2 133 “H” 060 1524 46 11.63 260
A83-0016 1 - 259 “ar 080 203 53 1340 340
A83-0100 10 239 - ~H" .080 2032 .58 14.73 420
" A83-0200 0 259 “H" 080 2032 £3 16.00 520
A83-0300 3/0 259 “H" .080 20.32 6% 17.53 640
A83-0400 410 259 - “H™ 080 2032 .76 19.30 795 i
* Rated 90°C for narmal operation in wet und dry locatlons, 130°C for gency overlond canditions. and 230°C for short circuit vanditions,
A 90°C dry ruling musc be used when the National Electiical Code applies. - ’ N F-2Y§ f/ /fg V. (
o 16 AWG & Lurger.
b Page C-3¢
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Page 7
Table 24
Nom. dc Resistance in ohnis per 1000 it. *at 25°C (77°F) of Solid & Concentric Lay Stranded Conductor
Conductor solid Concentric Lay Stranded®
Stae \ Aluminum Copper Alumninum . Copper
AWG or kemil Ui coated Coated [ClassB,C,D  Usncoated Conted
; CiassB,C,D  Class B Class C Class D
B 2! 271 165 172 274 16.7 179
20 - 169 103 10.7 173 105 111
19 135 820 852 137 833 8.83
18 10.7 651 6.76 109 6.67 7.07
s 17 | 845 515 538 854 521 552
16 672 410 426 685 418 443
15 532 33U 337 541 330 343
14 422 257 267 431 263 2.73 23 283
13 334 204 212 341 2.08 216 221 272
12, 2.66 162 1.68 27 1.66 172 T 175
1 211 129 134 215 131 136 136 139
10 167 102 106 170 1.04 1.08 1.08 11
9 132 0808 0831 13§ 0.825 © 0856 0.856 0874
8" 1.05 0640 0.659 1.07 0652 0.678 0.678 0.680
7 0833 0508 0522 0.851 0519 0538 - 0538 0538
6 ; 0.661 0403 0414 0.675 0411 0427 0427 0427
5 0524 0319 0329 0534 0.325 0.338 6.339 0339
. 4 i 0415 0253 0261 0.424 0258 0269 0269 0269
3. 0329 0201 0.207 0.33% 0205 0213 0213 0213
2! 0.261 a159 0.164 0266 0162 0.369 0.169 0.169
- 1 0207 0126 0.130 0.211 0.129 0.134 0.134 0.134
) 10 i 0.164 6100 0102 0.163 0302 0.306 0.206 0.106
o 2/0 0.130 €074 0.0813 0.133 0.0810 0.0842 0.0842 0.0842
M } 30 0.103 € 0630 0.0645 0.105 0.0642 0.0667 0.0669 0.0669
~ 40 0.0819 € 0500 0.0511 0.0836 0.0510 0.0524 0.0530 0.0530
B 250 « 0.0634 00707 . 00431 0.0448 0.048 0.0448
300 ; 0.0578 0.0550 0.0360 0.0374 0.0374 0.0374
350 i 0.0495 0.0508 0.0308 0.0320 0.0320
400 0.0433 0.0442 0.0269 . 00277 0280
450 ¢ 0.0385 0.0353 0.0240 0.0246 0.0249
500 0.0347 0.0354 00236 0.0222 0.0224
550« 0.0321 0.0196 0.0204 0.0204
&0 - " v 0.0295 0.0180 0.0187 0.0187
650 | 0.0272 0.0166 0.0171 0.0173
700 0.0253 0.0154 0.0159 0.0160
750 ; e 0.0236 0.0144 0.0148 6.0150
800 0.0221 0.0135 00139 0.0140
900 ! 0.0196 0.0120 0.0123 0.0126
. 1000 00177 0.0108 00111 00112
1100} 0.0161 0.00981 0.0101 0.0102
1200; 0.0147 0.00899 0.00925 0.00934
1250/ 0.0141 0.00863 0.00888 9.00897
. 1300! e T 0.0136 0.00830 0.00854 0.00862
1400% 0.0126 0.00771 0.00793 0.00801
1500 0.0118 0.00719 . 0.00740 0.00747
1600 00111 o 00674 0.006%4 0.00700
1700, 0.0104 0.00653 0.00659
B 1750! 06,0101 o oosxs 0.00634 0.00640
1800 0.00982 0.00599 0.00616 0.00622
1900{ 0.00931 0.00568 000584 0.00589
2000 0.00885 0.00539 0.0055S 0.00560
2500, 0.00735 0.00436 0.00448 o
3000! - 0.00596 0.00; 0.00374
3500, 0.00515 0.00314 0.00323
4000; 0.00451 0.00275 0.00283
4500 0.00405 0.00247 0.00254
5000, e 0.00364 0.00222 0.00229
*Concentric lay stranded includes co! np d and comp d ’

: stance s o il i iplyh HNF-2488, Rev. 0
.. fResistance values in miltichms per 1 1eter shall be obtained by multiplying the above values by 3.28. Page C-37
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Based on the resistance- Copper Example:

temperature coefficient of copper R dc at 75C for 4/0 AWG

of 100 percent conductivity and R, = R 2345 + T uncoated copper = 0.0509 x
of aluminum 61 percent conduc- ? ! _2—3_4—STTf- 1.193 = .0607 ohms/1000 ft.
tivity {international annealed .

copper standard) at 25C and the

formulas: Aluminum

R: = Resistance at 25C

R: = Resistance at desired temp. T; Re =Ry [ 2281 + 7T,
T, = 25C 22817+ T

Resistance temperature correction factors

Copper Conductors Table 1-4

0 904 .908 911 915 919 .923 927 931 934 .938
10 942 946 .950 954 .958 .961 .965 .969 973 877
20 .981 985 .988 .992 .996 1.000 1.004 1.008 1.012 1.015

30 1.019 1.023 1.027 1.031 1.035 1.039 1.042 1.046 | 1.050 1.054
40 1.058 1.062 1.066 1.069 1.073 1.077 1.081 1.085 1.089 1.092
50 1.096 1.100 1.104 1.108 L1H 1.115 1119 1.123 1127 1.131 -

60 1135 1.139 1.143 1.146 1.150 1.154 1.158 1.162 1.166 1.170
70 1.173 1.177 1.181 1.185 1.189 1.193 1.197 | 1.200 1.204 1.208
80 1.212 1.216 1.220 1.224 1.227 1.231 1.235 1.239 1.243 1.247
90 1.250 1.254 1.258 1.262 1.266 1.270 1.274 1.277 1:281 1.285
100 1.289 1.293 1.297 1.300 | 1.304 1.308 1312 1.316 1.320 1.324
110 1.328 1.331 1.335 1.339 1.343 1.347 1.351 1.354 1.358 1.362
120 1.366 | '1.370 1.374 1.378 1.381 1.385 | 1.389 1.393 1.397 1.400
130 1.405 1.408 1.412 1.416 1.420 1.424 1.428 1.432 1.435 1.439
140 1.443 1.447 1.451 1.455 1.459 1.462 1.466 1.470 1.474 1.478

150 1.482 1.480 1.489 | .1.493 1.497 1.500 1.505 1.509 1.513 1516

4 HINF-2488, Rev. 0
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Calc: W320-31-022
Attachment: G

Page: G-1
TELEPHONE CONFERENCE MEMORANDUM

Company: ICF Kaiser Hanford Company Address:  P.0. Box 888, Richland, WA 99352
[] INCOMING [X] ourcoing DATE: 10/6/94 TIME:  9.00 AM .
WITH: Vance Weaver ) oF: Kinemetrics, Inc. PHONE:  (818) 795-2220
WITH: OF: PHONE :
Copies to: Name Address

NA NA

Subject:  Kinemetrics SP-1 Power Supply

Moe Khorsandian W-320 Project,
Engineering Services W320-31-022 Calculation (509) 373-2331
Department TeTephone #

Summary of Conference

Per telephone conversation with Mr. Vance weaver, the amp rating of
Kinemetrics SP-1 power supply is approximately 150 mA.

HNF-2488, Rev. 0
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PERFORMANCE SPECIFICATIONS (Cont'd)

DC DIGITAL QUTPUTS (ISOLATED)

Qutput voltage ranges

5-60V ¢¢ 5-200V ¢c
Max Logic Low Input i
1V de 1V de
Min Logic High Input
2.5V dc 2.5V de
Max Input current
12 mA 12 mA
Max OQutput current
3A 1A
Response time
0.75 msec  0.75 msec
AC DIGITAL OUTPUTS (ISOLATED)
Output voltage range
12-140V 2c 24-280V ac
Max Logic Low Input
1V de 1V de
Min Logic High Input
2.5V dc 2.5V de
Max Input current
12 mA 12 mA
Max Output current
3A 3A
Response time
1/2 cycle 1/2 cycle
DIGITAL OUTPUTS (NONISOLATED)
Power supply range
+5V de £10%
OUtput voltage range
to +24V de
Max Logic Low Input
1.35V
Min Logic High Input
4.2V
Max Input current
1.5 mA dc
Max Output current
100 mA d¢ <

Response time
100 usec

$5-23-05-08, iss. 4, 3/93

TR

e

ATAC H MENY
PAGE ~ W)
MECHANICAL RELAY OUTPUTS

Configuration
Dual relays (NONO, NC/NC, NONC) cr Form C single relay

Power supply rang°
dc £10%

Max Input Current
-10.0 mA dc

Contact load
3A at 250V ac or 30V de

Contact resistance
0.10 ohms maximum

Isolation
250V rms {contacts to coil}

Current rating
3A per relay

Response time
10 msec

HNE-2488, Rev. 0
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