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GENERAL CABLE SPECIFICATIONS 
 
At SLAC, all long haul cables shall be installed using grounded cable trays, 
conduits, wireways, messenger cable, and free drops to racks and beamline 
equipment. 
 
 
1. NEC CABLE REQUIREMENTS FOR CABLES INSTALLED IN 
CABLE TRAYS 

1.1 Power cables  
Single conductor cables size 1/0 and larger are commercially available as tray 
rated.  Multi-conductor cables smaller or equal to #1 AWG are also 
commercially available as tray rated. 
 
Cables installed outdoors in uncovered cable trays shall be UV or sun resistant 
and marked as such on the cable jacket. 
 
Cables installed in cable trays shall be cable tray rated (TC or the equivalent 
designation is printed on the cable jacket).  Typically, “TC” marking is used on 
power cables.   
Annealed copper conductors with 90° C insulation rating are recommended 
for power cables. 
 
Class “C” stranded cables for the following cable sizes are recommended: 
 
# 8 AWG to #2 AWG - 19 strands  
# 1 AWG to #4/0 AWG - 37 strands  
250 Kcmil to 500 Kcmil - 61 strands  
 
Note:  It is highly recommended to use fine-stranded cables for 300 Kcmil and 
above for improved handling during installation. 
 
1.2 Plenum rated cable types (Other approved cables for use in cable trays are 
insulated with low smoke or fire retardant insulation): 
CL3P, CL3R, CL3, CL2P, CL2R, and CL2 are suitable for cable trays.  Plenum 
rated cables can be substituted by some of the communication cables listed on 
table 725.61 (See below) of the NEC code.  Also, multipurpose, 
instrumentation, and control cables: CM, CMP, CMR, CMG, MPR, MPP, and 
fire alarm cables NPLF and NPLR may also be used in cable tray.  
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1.3 Multipurpose cables 
MPP, MPR, MPG, and MP that meet the requirements for types CM, CMP, 
CMR, and satisfy the requirements of NEC 760.82(B) for multi-conductor 
cables and similarly 760.82(H) for coaxial cables may also be used in cable trays. 
 
Metal Clad (MC) is suitable for cable tray use. 
 

Table 725.61 Cable Substitutions   
Cable 
Type 

Permitted Substitutions 

CL3P * CMP  
CL2P* CMP, CL3P  
CL3R* CMP, CL3P, CMR  
CL2R* CMP, CL3P, CL2P, CMR, CL3R  
PLTC *   
CL3* CMP, CL3P, CMR, CL3R, CMG, CM, PLTC  
CL2* CMP, CL3P, CL2P, CMR, CL3R, CL2R, CMG, CM, PLTC, CL3  
CL3X CMP, CL3P, CMR, CL3R, CMG, CM, PLTC, CL3, CMX  
CL2X CMP, CL3P, CL2P, CMR, CL3R, CL2R, CMG, CM, PLTC, CL3, 

CL2, CMX, CL3X  
 * Cables permitted in cable trays and their substitutions 

 
 
Other cables specifically designed to be installed in cable trays are Power 
Limited Tray Cable (PLTC), MI, and Optical cables OFN thru OPC (see table 
770-113 below).  
 
1.4 Instrumentation Tray Cable (ITC) 
This cable is permitted in cable trays and raceways but cannot be installed in 
circuits operating at more than 150V or more than 5 amperes.  The insulation 
rating of this type of cable shall be 300V.  It shall be separated from power, 
lighting, class 1 power limited (30V and 1000VA), or non-power limited 
circuits. 
 
1.5 Optical Fiber Cables 
  The following optical fiber cables shown in table 770.113 are suitable for cable trays: 
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Table 770.113 Cable Markings  

Cable Marking Type Reference 

OFNP  Nonconductive optical fiber plenum cable  770.179(A) and 770.154  
OFCP  Conductive optical fiber plenum cable  770.179(A) and 770.154(A) 
OFNR  Nonconductive optical fiber riser cable  770.179(B) and 770.154(B)  
OFCR  Conductive optical fiber riser cable  770.179(B) and 770.154(B)  
OFNG  Nonconductive optical fiber general-purpose cable  770.179(C) and 770.154(C)  
OFCG  Conductive optical fiber general-purpose cable  770.179(C) and 770.154(C)  
OFN  Nonconductive optical fiber general-purpose cable  770.179(D) and 770.154(C)  
OFC  Conductive optical fiber general-purpose cable  770.179(D) and 770.154(C) 

 
 
Conductive optical fiber cables shall not be permitted to occupy the same 
cable tray or raceway with conductors for electric light, power, Class 1, non-
power  limited fire alarm, type ITC, or medium power network-powered 
broadband communication circuits. 
 
1.6 Radio and Television Cables  
Cables suitable for cable tray installation shall include types CATVP, CATVR, 
and CATV. 
 
NOTE: Non-tray Rated cables can be installed in conduits, wireways, boxes, 
electronic racks, boards (e.g. telephone), etc. 
 
 
2. ADDITIONAL CABLE REQUIREMENTS BEYOND NEC 
 
2.1 Radiation Resistance 
In high radiation areas, small gauge cables (2 AWG and smaller) shall be 
radiation resistant unless the project decides that is unnecessary.  In a SLAC 
radiation environment, larger gauge cables (e.g. DC power cables) with EPR or 
XLPE insulation are relatively unaffected by radiation.    
 
2.2 Insulation Materials and Fire Rating 
SLAC requires that all cables be manufactured of low smoke non-halogenated 
(LSNH) materials when feasible.  Mineralized cables shall not contain materials 
such as Fluorine, Chlorines nor Bromines, Iodine and Astatine, which are 
highly reactive elements. 
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Cables said to have adequate fire-resistance and low smoke producing 
characteristics shall comply with all but not limited to the following test 
requirements: UL 2024, ANSI/UL 1666-2002, and NFPA 262-2002. 
 
Cables that do not meet the requirements mentioned above need the approval 
of the SLAC AHJ.  The authors of this document will be responsible for 
obtaining this approval. 

 
Note: Two halogens - chlorine and fluorine, are used extensively in 
compounds for insulating and jacketing electrical wire and cable.  Many 
common materials like PVC, Hypalon®, Neoprene®, and FEP and PTFE 
Teflon® contain significant amounts of these halogens.  PVC for example, 
contains 29% chlorine by weight, CPE 19% chlorine by weight, and Teflon® 
76% fluorine by weight. 
 

3. CABLE MARKING 

 

The reference for Cable marking can be found in NEC Articles 310.11(A)(2), 
(A)(3), (A)(4) and table 725.82. 
 
3.1 Required Information  
According to the NEC, all conductors and cables shall be permanently marked 
with the following information: 
 

(1) The maximum rated voltage, unless otherwise indicated in the 
NEC (see note below). 

(2) The proper type of letter or letters for the type of wire or cable as 
specified in the NEC. 

(3) The manufacturer’s name, trademark, or other distinctive 
marking of the company. 

(4) The AWG size or circular mil area (Kcmil). 
(5) Cable assemblies where the neutral conductor is smaller than the 

ungrounded conductors shall be so marked. 
 
Additional marking: All conductors and cables contained in NEC 2005 310.11 
(D) shall be permitted to be surface marked to indicate special characteristics 
of the cable materials.  These markings include, but are not limited to, 
markings for limited smoke, sunlight resistant, low corrosivity, and so forth. 
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Note: (1) The AWG size or Kcmil shall be repeated at intervals not exceeding 
24 in.  All other markings shall be repeated at intervals not exceeding 40 in. (2) 
Voltage rating shall not be marked on cables used in low voltage systems: e.g. 
control and communications 

 

4. METHODS OF MARKING 
 
4.1 Surface Marking  
The following conductors and cables shall be durably marked on the surface.  
The AWG size or Kcmil area shall be repeated at intervals not exceeding 610 
mm (24in).  All other markings shall be repeated at intervals not exceeding 
1.0m (40in): 
 

1. Single conductor and multi-conductor rubber and thermoplastic-
insulated wire and cable. 

2. Non-metallic-sheathed cable 
3. Service-entrance cable 
4. Underground feeder and branch-circuit cable 
5. Tray cable 
6. Irrigation cable 
7. Power-limited tray cable 
8. Instrumentation tray cable 
9. MC cable (outer nonmetallic covering shall be marked at 40in) 
10. Type ITC cable 
11. Type PLTC cable 

 
 
4.2 Marker Tape  
Metal-covered multi-conductor cables shall employ a marker tape located 
within the cable and run for its complete length.  Except Mineral Insulated and 
type AC cables. 
 
4.3 Tag Marking 
The following conductors and cables shall be marked by means of printed tags 
attached to coil, reel, or carton: 
 

1. Mineral-insulated, metal-sheathed cable 
2. Switchboard wires 
3. Metal-covered, single conductor cables 
4. Type AC cable 
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4.4 Optional Marking of Wire Size  
The required information mentioned above shall be permitted to be marked 
on the surface of the individual insulated conductors for the following multi-
conductor cables:  
 

1. Type MC cable 
2. Tray cable 
3. Irrigation cable 
4. PLTC cable 
5. Power-limited fire alarm cable 
6. Instrumentation tray cable 

 
4.5 Suffixes to Designate Number of Conductors   
A type letter or letters used alone shall indicate a single insulated conductor.  
The letter suffixes shall be indicated as follows: 
 
1. D - For two insulated conductors laid parallel within an outer nonmetallic 

covering 
2. M - For an assembly of two or more insulated conductors twisted spirally 

within an outer nonmetallic covering 
 

 
5. CABLE SELECTION 

Cables are selected by the respective engineering groups for LCLS use is based 
on their established technical necessities e.g. impedance, gauge, pairs, twisted 
pairs, allowable voltage drop over distance, etc. 
 
Individual cable specifications detailing their construction and electrical 
characteristics will be created for each type. See Table 1 for a sample of an 
individual specification generated from a previous experiment here at SLAC. 
 
All cables will be documented in Cable Plant Tracking and Reporting Database 
(CAPTAR).  This is the official database used at SLAC to document cables for 
installation by external (Davis-Bacon) and internal (SLAC) cable installers.  In 
order to keep uniformity and code compliance in the LCLS project, all system 
engineers shall use this database to select and document their cables.  SLAC 
will provide training and assistance in the use of CAPTAR and can support 
with the cable selection and in the purchase of said cable.  Cables not presently 
in CAPTAR shall be added to the database.  
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All cables must be on site prior to installation or late arriving cable will have to 
be rescheduled for installation later. 
 
 

REFERENCE DOCUMENTS 

National Electric Code 2005 
OSHA Standards, 29CFR 1926 
SLAC ES&H Chapter 8 
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TABLE 1 

 
 

Stanford Synchrotron Radiation Laboratory 
Engineering Note 

Serial 
M516 

Page 
10 of 11 

Prepared by:  
Ramon Ortiz, SSRL 
ED&M 

Reviewed by: 
Marjorie Widmeyer 

Revision 
1 

Date  
6/27/05 

Title:  
2 conductor, 6 AWG Low Smoke Tray Cable Specification 

 
Scope: Multi-conductor, 600 volt, Tray Cable with thermosetting cross-linked polyethylene (XLPE) 

insulated circuit conductors, with an overall polyolefin or equivalent insulating 
material jacket. The cable will be suitable for use in cable trays, aerial or direct burial 
installations. 

 
Conductor: Class C (19 strand), soft drawn, bare copper per ASTM B 3 and ASTM B 8. 
 
Insulation: Heat and moisture resistant, thermosetting cross-linked polyethylene meeting the 

requirements of ICEA S-95-658/NEMA WC70 and UL44 for Type XHHW-2 
wires. The insulation is acceptable for use in wet or dry locations at 90 degrees C. 
The insulation thickness is in accordance with Table 15.3 of UL44. 

 
Assembly: The insulated circuit conductors are cabled together with flame resistant non-

hygroscopic fillers as needed. The cable core shall be wrapped with a Mylar binder 
tape. 

 
Shield: 5 mil thick copper tape corrugated and longitudinally applied with a minimum 

overlap of 12.5%. 
 
Color Code: Appendix E, Method 1, Table E-1 of ICEA S-73-532/NEMA WC57, Black, White. 
 
Jacket:  Heat, moisture and sunlight resistant, black, polyolefin or equivalent insulating 

material meeting the requirements of ICEA S-95-568/NEMA WC57 and UL1277. 
The thickness is in accordance with Table 11.3 of UL 1277. 

 
Identification: The overall jacket will have the following information printed per NEC Article 310: 
 “Manufacturer name, part #” 2/C #6 AWG XHHW-2 TYPE TCLS 600V (UL) 

SUN RES DIRECT BURIAL” 
 

 
Service: Corrector Magnet Power Supplies 

Number & 
Circuit  

Conductor 
Size 

(AWG) 

Average 
Insulation 
Thickness 

(mils) 

Average 
Jacket 

Thickness 
(mils) 

Nominal 
Cable 
O.D. 
(in.) 

Nominal 
Cable 

Weight 
(lbs/1000 ft) 

2C/  #6       45       60   0.775      378 
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    TABLE 1 (CONTINUATION) 

 Reference Standards 
 

 

Standard Number Title 
ASTM B3 Standard Specification for Soft or Annealed Copper Wire 
ASTM B8 Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard, 

or Soft 
ICEA S-95-658/NEMA 
WC70 

Nonshielded Power Cables Rated 2000 Volts or Less for the Distribution of Electrical Energy 

ICEA S-73-532/NEMA 
WC57 

Standard for Control Cables 

UL44  Standard for Thermoset-Insulated Wires and Cables 
UL1277 Standard for Electrical Power and Control Tray Cables with Optional Optical-Fiber Members 
NFPA70  National Electrical Code (NEC)2005 


