Central Waterfront Project —
Transmission Line Relocation

Ampacity Calculations

Prepared for

City of Seattle, Washington



@ﬂ POWER
XV ENGINEERS

CALCULATION COVER SHEET

Project Name: MA-US-1-2 Calculation No.: N/A
Client Name: CH2M Hill Number of Sheets: |
Project Number: 122724 Task Number: CO[.0OR
Title: Ampacity Calculations
Name Initia
Designed/Calculated By: Nathan Scott ; ;%5‘
Checked By: Joseph Hunter YH
Approved and Released By:
Code Related: A
Reviewed By: PW S oenan” ﬂ@
P. E.'s Seal No. (If Required): UState of:
Responsible Design Lead Design

Calculation Engineer (RDE) Checker Engineer (LDE) PM/PE

Rev. Description | By Date Checker | Date Approve | Date QA/QC
4 [woy | yPs oas | MU otz

[1 Preliminary Calculation
[ Final Calculation
[] Superseded by Calculation Number
UG Caleunlation Cover Sheet 08-19-09 Page 1 of 1




122724 MA-US-1 & 2 Yesler to Union, AMPACITY SUMMARY

Prepared By: N, Scott Date: 6/10/2011
Reviewed By: ). Hunter Date:
STEAM SHORING 115kv 2nd Ductbank 3rd Ductbank
Execution Ambient | High/Low Depth to Shoring  |Horiz. to BR-CN & BR-UN Conductor Heriz. to Cireuit Horiz. to
Name Approx. Soil Temp | Pressure Size Center | insulation? | Present? [Ductbank 2 Ducthank 2 0Qoc-2 Size Cable Type Circuit Ampacitias Ductbank 3 Ductbank 2 DOC-3 Ampacities  |Ductbank 3 Ducthank 3 D01 Circuit Ampacities
STATIONING {XLPE or
{in Progrees ("0 (in) {it) {ft) {#) {kemil} SCFF) Circ.1 TEMP Circ.2 TEMP (ft} Circ. 1 TEMP ((t) Circ. 3 TEMP Circ.2 TEMP Circ. 3 TEMP Circ. 4 TEMP Circ. 5 TEMP
Submittal} Douglas Fir ORIENTATION (A} {"C} (a) ("C) ORIENTATION {A) (*C) ORIENTATICN {A) [] (A) (°C) (A) {*C) &) {°C) (A) (°C)
WEU-1A 3456 36.4 HiGH PRES 12 8 YES - 6" 0 4x2 21 2500 XLPE 603 64.9 603 65
WE&U-1B 3+56 36.4 HizH PRES 12 8 NONE 5 4x2 21 2500 XLPE 603 89.8 603 88.5
W&U-1C 3+56 36.4 HiGH PRES 12 g YES - 6" YES - 4" 0 4x2 21 2500 XLPE 603 68.1 603 68
W&U-10 3+56 36.4 HIGH PRES 12 8 NONE YES - 4" 7 4x2 21 2500 XLPE 603 89.6 603 88.3
WEU-2A 3+17 36.4 HiGH PRES 12 7 YES- 6" 0 4x2 18 2500 XiPE 603 | 64.2 | 603 | 64.3
W&U-28 3+17 36.4 HIGH PRES 12 7 NONE 5 4x2 13 2500 ALPE 603 89.7 603 88.1
WaLU-2C 3+17 36.4 HIGH PRES 12 7 YES - 6" YES - 4" C 4x2 18 2500 XLPE 603 67.4 603 67.2
W&U-2D 3+17 36.4 HiGH PRES 12 7 NONE YES - 4" 7 4x2 18 2500 XLPE 603 89 603 87.5
WaU-3A Z2+10 36.4 HIGH PRES 14 [ YES - 6" ¢ 4x2 i3 2500 ALPE 603 63.2 603 63.1
WELU-38 2+10 36.4 HIGH PRES 14 6 NONE 5 4%2 18 2500 XLPE 603 | 875 | 603 | 869
W&U-3C 2+10 36.4 HIGH PRES 14 G YES - 6" YES - 4" O 4x2 18 2500 XLPE 603 66.1 603 66.2
W&U-3D Z+10 36.4 HIGH PRES i4 & NONE YES - 4" 6.92 4x%2 18 2500 XLPE 603 88.5 603 88.1
WaU-4A 2+10 36.4 | HIGH PRES 14 4,33 YES - 6" o 4x2 18 2500 XLPE 603 § 70.5 | 603 [ 70.8 3.5C/L 6X2-13.8kv 4 200 | 86.5 13 C/L 3%4-13.8kv | 3.5 | 423 | 8361 423 | 91.5 | 423 | 899 | 423 { 863 | 423 | 831
WE&U-4C Z+10G 36.4 HIGH PRES 14 4.33 YES - 6" YES -4" o §x2 18 2500 XLPE 603 75.1 603 74.9 3.5C/L 6 X 2-13.8kv 4 200 86.7 13 C/L 3X4-13.8kV | 35 423 | 89.7 | 423 | 916 | 423 30 423 1863 | 423 | 883
WEU-5A 2400 36.4 HIGH PRES 14 4.33 YES - 6" 13 C/L Ax2 18 2500 XLPE 603 713 603 .2 3.5 ¢/l 6X2-13.8kv 4 200 86.5 13 C/L IX4-13.8kV | 35 423 | 837 | 423 | 91.5 | 423 | 89.9 | 423 | 86.4 | 423 | 87.9
W&U-58 2400 36.4 HIGH PRES 14 4.33 NONE 13 C/L 4x2 38 2500 XLPE 603 89.6 603 8.6 3.5 /L 6X2-13.8kv 4 200 | 135.1 13 C/L 3X4-138kv | 3.5 423 11006 423 | 101.9| 423 § 99.6 | 423 | 96.3 | 423 101
WE&U-5C 2+00 36.4 HIGH PRES 14 4.33 YES - 6" YES - 4" 13 C/L 4%2 18 2500 XLPE 503 76,7 603 76.1 3.5 C/L 6X2-13.8kv 4 200 87.8 13 /L 3X4-13.8kv| 3.8 423 |1 903 | 423 | 923 [ 423 {907 | 423 | 87.2 ¢ 423 | 89.2
MariA 17+74 18 HIGH PRES 4 5.5 YES - 6" 0 2x4 35 2500 KLPE 603 12 603 | 419
MarlB 17+74 13 HIGH PRES 4 5.5 NONE S 2x4 8.5 2500 XLPE 603 76 603 70
B35-A 16430 18 - - - - Q 2x4 12 2500 XLPE 603 | 48.7 | 603 | 485 -1.5C/L | BYHPFF-135kV | 55 1 941 | 726 1.5C/L  |5" HPFF-115kv} 5.5 & 226 | 49.1 - - - - - - - -
835-C 16+30 13 - - - - YES - 4" Q 2x4 12 2500 XLPE 603 52.6 603 51.9 -1.5 C/L 8" HPFF-115kV 5.5 941 73 1.5C/l. {5" HPFF-115kvi 5.5 226 | 49.5 - - - - - - - -
*Conditions that apply to all calculations
DOC = Depth of Cover LS FTB Rho Value = 0,75°C-m/W
Ambient Soi Temperature = 36.4°C 115kV Ampacity Target = 603A
Ambient Native Soil Rho = 1.0°C-m/W Steam Insulation Rho Value = 23.8"c-mw

HS Concrete Rho Value = 0.60°C-m/wW Douglas Fir Shoring Rhe Value = 8.33°C-m/W




HV Solutions

Reverse Concentric Stranded
Copper, Compressed Conductor

southwire

Super Smooth Conductor Shield

Super Clean XLPE Insulation

Full Wall - 800 mil XLPE

True Triple Extrusion, Dry Cured and
Dry Cooled

Firmly Bonded Insulation Shieid

Welded Copper Corrugated Sheath

Polyethylene Jacket with Extruded
Semi-Conductive Outer Layer

15

115 kV XLPE Cable

Max Voltage Rating

BIL Rati
T

Nominal Conductor

Max. Emergency Conductor

105/130

Short Circuit Conductor

250

Minimum Installation
De:

10

Design Standards

AEIC, IEC

Typical Test Voltages 200 kV / 15 min.
XLPE Loss Factor 0.0005
Relative Permittivity 2.3

08/22/05 Rev. 5



HV Solutions

sSouthwire

16

115 kV XLPE - Copper Conductor

Full Wall 800 mil XLPE Cu Corrugated Sheath

Conductor Size in kemil

Conductor Diameter

Diameter over Insulation

Diameter over Sheath

Overall Jacket Diameter

Total Weight

Min. Bending Radius (pulling/trai
Maximum Pulling Tension
Typical Shipping Reel Size

Flange x Traverse

24

Electrical Stress @ U,
Conductor Shield

Insulation Shield

Short Circuit for 0.58*
Conductor
Sheath

Conductor Resistance
DC @ 20°C
DC @0’ C

Capacitance

Charging

T

Current
TR

Typical Single Ductbank™*
Power Rating

Typical Double Ductbank***

Power Rating

(mm)

nj.

(mm)

in

(mm)}

in

(mm)}
Ibs/ft]

ning) in

Ibs}

C/kft
Q/Kit

pF/ft
Amps/kit

MVA|

146

4.32
(109.7)

4.63
(117.6)

16.2
69/46
24,000

138x95
2,700

138x95
2,425

158x95

*Increased shipping reel capacity can be accomodated on reguest.

**Declared vaiues for 3¢ mils copper sheath. Thicker sheath can accommodate more current.
**41t top of duct, 1°C-m/\W native, 0.8°C/AW ductbank backfill, 25°C Ambient, 75% If, 9" spacing, singie-point or cross hondet

(8/22/05 Rev.5



Seattle City Light

MATERIAL STANDARD

standard number: 605025

superseding: new
effective date: May 12 2011
page: 1 of 3

115 KV, 2500 KCMIL, 1/C, XLPE INSULATED CABLE

1. Scope

This material standard covers the detaiied
requirements for 115 kV, 2500 kemil, cross-linked
palyethylene (XLPE), single conductor cable used for
the transmission of electric energy.

Industry designation: 1/C

This material standard applies to the foliowing
Seattle City Light Stock Number:

Stock Number 012801
Size 2500 kemit

Cable joint and termination requirements are outside
the scope of this Materiat Standard.
Commission testing requirements of installed cable

prior to energization are outside the scope of this
Materiat Standard.

2. Application

Cable is inftended for use on a nominal 115 kV,
three-phase, grounded, wye-connected power
system.

General Requirements

This detailed material standard is t¢ be used in
conjunction with the latest revision of Seattle City Light
Matertal Standard 6050.00, “High Voltage, XLPE
Insulated Cable — General.”

Industry Standards

Cable shall meet the requirements of the following
industry standards:

AEIC C589-2006 — Specification for Extruded
Insulation Power Cables and Their Accessories
Rated Above 46KV through 345 KVAC

ICEA $-108-720-2004 - Standard for Extruded
Insulation Power Cables Rated Above 46 through
345 kv

Refer to Material Standard 6050.00 to obtain the
appropriate revision date for other referenced industry
standards.

Construction

5.1 General

Unless indicated otherwise, all values cited bejow
should be consistent with industry standards - they
are repeated here far the convenience of the

System Characteisics reader. Values or requirements different from
i iteri Refi .
and Design Criteria eerenze industry standards are identified with the symbol
Stock Number 012801 SCL A. In some situations, the 4 symbol offers
. ; : warning that special requirements are located in
Size 2500 ke Ao Material Standard 6050.00,
Frequency 60 Hz SCL
5.2 Conductor

Operating
voltage, ph-ph Requirements  Reference

nominal 115 kV SCL X Numb 12801 oL

maximum 121 kV SCL Stock Number 01280
Basic impulse 550 KV crest scL Size 2500 kemil varlous
voltage (BIL) Diameter
Fault current minimum 1.788 in ICEA S-108-720,

symmetrical 35 kA SCL Section 2.5

duration 30 cycles SCL nominal 1824 in ASTM B8
Location wet scL maximum  1.860in ICEA 5-108-720,

Section 2.5
Seattie City Light assumes responsibitity for Metal copper ASTM B49
determining the normal ampacity rating of cabie.
standards coordinator .standards supervisor unit director

q : dohn Shipek

(o td 04

:‘ :
ohn Shipek Damnel Cola



Seattle City Light

MATERIAL STANDARD
145 kV, 2500 kemil, 1/C, XLPE Insulated Cable

6050.2

standard number: 5

superseding: new

effective date: May 12, 2011
page: 2 of 3

5. Construction, continued

5.2

5.3

5.4

Conductor, continued 5.4
Reguirements  Reference
Stock Number - 012801 SCL
Stranding type concentric-lay . ASTM B8
Ciass B ASTM B8
Number of 127 ASTM B8, Table
strands 1
Temper soft drawn, ASTM B3
- annealed prior
to stranding
l.ay, outer - left hand ASTM BS,
layer Section 5.5.1
Sealant for not required or’ JCEA S-108-720,
stranded desired - Section 2.2
conductors
5.5
Conductor Shield (Stress Control Layer)
Requirements - Reference
Stock Number = 012801 SCL
Size 2500 kemil various
Thickness, 30 mil ICEA 3-108-720,
minimum point Part 3, Table 3.1
Material formulated SCL and AEIC
with acetytene . CS9, Section
_ black A 222
Insulation
Requirements Reference
Stock Number = 012801 SCL.
Size 2500 kemil various
Material crosslinked ICEA 8-108- 5.6
polyethylene 720, Section 4.1
{XLPE)with no
mineral fillers
Approved specified in SCL 6050.00
material general Material
formuiations Standard

insulation, continued
Requirements Reference
Stock Number 012801 SCL
Thickness
minimum - 760mi - SCL
nominat 800 mil ICEA S-108-
720, Appendix
F,
Table F-1
maximum 840 mil SCL
Basic impulse 550 kV crest ICEA 8-108-
Level (BIL) 720, Section
4.3,
Table 4-6
Extruded Insulation Shield
Requirements Reference
Stock Number (12801 SCL
Size 2500 kemil various
Material discharge-free  SCL
(thermosetting
material)
Thickness
minimum 40 mil ICEA 8-108-
point 720, Section
5.2,
_ Tabie 5-1 _
maximum 100 mil ICEA 8-108-
point 720, Section
5.2,
Table 5-1
Metallic Shield/Sheath
Requirements Reference
Stock Number 012801 SCL
Size 2500 kemil various
Metal and type welded ICEA 8-108-
corrugated 720, Part 6
copper or

laminated copper
foit longitudinally

foldedt and
bonded to the
jacket



Seattle City Light

6050.2

standard number: 5

superseding: new
MATERIAL STANDARD effective date: May 12, 2011
115 kV, 2500 kemil, 1/C, XLPE Insulated Cable page: 3 of 3
5. Construction, continued 6. Packaging
5.6 Metallic Shield/Sheath, continued Requirements Reference
. Stock Number 012801 SCL
Requirements Reference
Stock Number - 012801 SCL Size 2500 kemil varous
Radial moisture required 4 ICEA S-108- Reel type steel fluted \£V1Cz26, Section
barrier 720, Section -
6.4 Flange as specified on ~ SCL preference
Water blocking ~ required 4 ICEA S-108- %‘:}:‘;L"n: purchase order
components for 720, Section
metallic shield 6.5 Outside width, as specifiedon  SCL preference
maximum purchase order
5.7 Jacket (Non-Metallic Covering) Drum diameter, as specifiedon  SCL preference
minimum purchase order
Requi t Refi "
equemers slerence Length per reel, as specifiedon  SCL preference
Stock Number 012801 SCL +1.5, -0% purchase order
Size - 2500 kemil various
Material " linear low ICEA $S-108-
density 720, Section 7. issuance
. polyethylene 7141 .
(LLDPE} Regquirements Reference
Color " black ICEA S-108- Stock Number 012801 SCL
: ;210,1 Section Size 2500 kemil  various
- — Stock Unit FT SCL
Thickness
minimum 100 mil ICEA 5-108-
point 720, Section
7.2.1, Table 7-5 8. Approved Manufacturers
maximum 160 mil ICEA 5-108-
point 720, Section Brugg Cables, LLC
7.2.1, Table 7-5 General Cable / SILEC
Semi- required AEIC C88, J-Power Systems (JPS)
conducting Section 2.6.3 ,
coating Prysmian
Maximum 43200 A SCL preference Southwire Company/Forte Power Systems

5.8

diameter over
jacket

Assembly and ldentification

" Requirements Reference

Stock Number 012801 SCL

Size 2500 kemil various

Center strand  not required ICEA S-108-

identification 720, Section
8.1.1

Sequential required A ICEA S-108-

length marking 720, Section

8.1.2

. References

6050.00; “High Voltage, XLPE Insulated Cable —
General”; SCL Material Standard

1EC 60840; Power Cables with Extruded Insulation and
Their Accessories for Rated Voltages above

30 kV (Um = 36 kV) up to 150 kV (Um = 170 kV) - Test
Methods and Requirements; international
Electrotechnical Commission; April 2004 (Edition 3}

Risch, Bob; SCL Engineer, subiect matter expert
(bob.risch@seattle.gov)

Shipek, John; SCL Standards Engineer, subject matter
expert and originator of 8050.25 (john.shipek@seattle.gov)



e Summary
,.'SMED Results
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INTSAMATINALLEE

Study: MA-US-1&2 Yesler te Union Sub Ampacity Study, June 2011
Execution: WEU-1A-12"HP w insl-21'¢,0'h 2500kemiiCu-2@603A@65.0h
Date: 6/6/2011

Freqguency: 650 Hz

Conductor Resistances: 1EC-228

Fraction of conductor current returning

through sheath for single phase cables: 1

Installation Type: Multiple Duct Banks Backfills

) o H B ED 5 B =
F Ratres pwie 10375 MM e

Solution converged

Parameter Unit Value
Ambient Soil Temperature at Instaliation Depth °C 364
Thermai Resistivity of Native Soil °C.nyW H
Layers Dimensions [ft] Thermal
Type Resistivity
No.| Name | X Center | Y Center Width Height [°C.m/W3’
i DB 4X2 0 23,032 1.854 4,063 Standard ductbank 0.6
2 Backfill 4 10.495 2.001 21001 Backfill 0.75
1leat Source Type Temperaiure
Heat Source Temperature °C 185
Heat Source X Center ft ¢
Heat Source Y Center ft H
lleat Source Diamater inch 12
Heat Source [nsulation Diameter inch 24
Heat Source Insulation Thermal Resistivity °C.m/W 78.084
PR ARSI . -, e
P
HE ©
1 )
H P
o
e s0
;
P 1
1 i
v v
L
H '
v ' 13
P
! e
PR
A
105 3 24 B A3 kR o B a4 B S He [ EL B EX) B

jSummary Results o o

Cable\Cable L Location Load Factor | Temperature Ampacity
Circuit Phase
type no X{ft] YEft] [pw.] [°c} ia]
[ 1 A 0.401 22.159 0.8 54 603
2071 1 B -0.401 22,159 0.8 64.3 603
RS 1 C -0.40! 22.961 0.8 64.9 603
4\l 2z A -0.4061 24.565 0.8 64.3 603
5\l 2 B 0.401 24,565 0.8 44.5 603
6t 2 C 0.401 23.763 0.8 65 603




SYmE

weemnronn oo abDl@S input data

Study: MA-US-1&2 Yesler to Union Sub Ampacity Study, June 2011
Execution: WEU-1A-12"HP w insl-21'd,0'h 2500kemilCu-2@6903A@65.0h

Date: 6/6/2011

.+ Description 1

General cable information

i1 7%]Cable type no 1
A{Number of cores 1
“Voltage kv 113

Conductor arca inch? 1.5631
Maximum Steady-State Conductor Temperature °C 0%
2262 {Maximum Emergency Conductor Temperature °C 1o
Construction
Conductor
Material copper
Resistivity @20°C ulk.cm 1.724%
Temperature cocfficient /K 0.00353
Reciprocal of temperature coctficient of resistance {BETA) o 234.5
Volumetric specific heat (SH) WK’ 3.45
Construction 4 segments
Is cable dried? No
ks (Skin cffcet coefficient) 0.44
kp {(Proximity cffcet coefficient) 0.37
i [Diameter inch 1.77
Conductor shield
173 Hs layer present? Yes
520 P hickness inch 0.05
“ IDiameter inch 1.87
lation
=18 layer present? Yes
Material XLPE (unfilled}
Thermal resistivity Kan/w 33
Bliclectric loss factor - ( tan 8} 0.001
Retative permittivity (& ) 2.5
Thickness inch 0.8
i | Diameter inch 347
Insulation screen
Is layer present? Yes
- | Material semi-conducting
o Thickness inch 0.05
" |Dizmeter inch 3.57




Sheath

B ;‘3_1_'_ :11s layer present? Yes
3. [1s around each core? {Only for Three core cable} No
Material copper
Resistivity @20°C ugkem 1.7241
Temperature coefficient /K 0.00393
Reciprocal of tempcerature cocfficient of resistance {(BETA) °C 234.5
Volumetric specific heat (SH) WE.m® 3.45
Corrugated construction Corrugated
Thickness of the corrugated sheath inch 0.03
Tnner radius of the corrugated sheath inch 1.91
Outer radius of the corrugated sheath inch 2.035
Thickness inch 0.25
-2 43 {Diameter inch 4.07
Jacket
“|1s layer present? Yes
Material pelycthyicne
Thermal resistivity Konvw 3.5
Thickness inch {.155
Bliameter inch 4.38

Overall cable diameter

IDiamctcr ’ inch | 4.38 |

o] oo L [

SPECIFIC INSTALLATION DATA
Bonding

i]-CON, sheaths single point bonded, triang. configuration | | Yes l

Loss factor constant

iI.oss factor constant I I 03 |

Dt construction

PVC duct in concrete or buried Yes
oA Resistivity (RH) 6
Cables touching

’;ﬁ;iSinglc conductor cables NOT touching I | Yes I

m Symbot | - .. Description

Temperature calculations

1 Cable type no i 1 i | 1 1
2 Circuit no i 1 1 2 2 2
3 Phasc A B C A B C
4 A Conductor temperature °C 64 64.3 64.9 64.3 64.5 65
5 o Sheath/Shield temperature °C 61 61.3 619 61.2 6L.5 62
[ B; Armour/Pipe or Jacket temperature °C 6.6 60.9 61.5 6.8 6l.1 61.6
7 0, Exterior duct temperature °C 4.1 4.1 4.1 4.3 4.3 4.2
8 9, Ambient temperature °C 36.4 36.4 36.4 364 36.4 364




Cable type no: 1

Cable type: EXTRUDED

Cable 1D: 115C2.5MX5

Cable title: 115KV 2500 KCMEL CU XLPE 800mil Southwire

Conductoy. copper. 4 segments
B=1.77 inch

ondugtor shield
Th=0.05. D~=1.87 inch
Insulation, XEPE {unfilled)
Th=0.8, B=3.47 inch
Insu. screen, semi-conducting
Th=0.05, D=3 .57 inch
Corrugated sheath, copper
Th=0.25, D=4.07 inch
Jackat, polyethylene
Th=0,15%, D=4.38 inch
Bveiall sable diamater=4.38 inch

Cenduetor, copper
Eable not diied. Skin=Program selects
Conductor shield

Ensulation, XLPE [unfilled)
TANDELTA=B.001, EPSILN=25
insu. screen, semi-conducting

Corrugated sheath, copper
Th. corua.=0.03, Inner sadivs=1.91, Duter 1adius=2.03% inch
Jacket, palyethylene

Max. Steady-State Cond. Temp.=90 deq.




CYME

wreonae nn RESUILS

Summary

Study:
Execution:
Date:
Frequency:

MA-1S-142 Yesler to Union Sub Ampacity Study, June 2011
WELU-18-12"HP w insk-21'd,5'h 2500kemilCu-2@603A@8%.8h

6/6/2011
60 Hz

Conductor Resistances:

1EC-228

Fraction of conductor current returnhing
through sheath for single phase cables:

cyYmg

Installation Type: Multiple Duct Banks Baclfills

Parameter Unit Value
Ambient Soit Temperatore at Installation Depth °C 364
‘Thermal Resistivity of Native Soil *Ca'W H
Layers Dimensions [ft] : Thermal
Type Resistivity
No.| Name X Center ¥ Center Width Height - [eC.m/W]
i DB 4X2 0 23.032 1854 4.063 Standard ductbank 0.6
3 Backfill 0 10.495 2.001 21.001 Backfill Q.75
3 Back(ill -1.48 23.027 1.073 4.019 Backfill 275
4 Backfitl 148 23.027 1.073 4.019 Back{ilt 0.75
5 Backfii -1.517 10.48 3.001 21.001 Backfilt 0.75
6 Buckfilt 1517 10.48 1.00t 21.00% Backfiil 0.75
Eleat Source Type Temparature
Eleat Source Temperature °C 183
Elcat Source X Center ft -5.43
Eleat Source Y Center it 8
£leat Source Diateter inch 12
Fleat Source Insulation Diameter inch 26
Elcat Source Insulation Thermal Resistivity LW 54,692

LW v e

Summary Resuits

Solution converged
Cable\Cable Circuit Phase Location toad Factor | Temperature Ampacity

type no X[ft] YL#Y Ep.u.] [°cl fAl
Iyl H A 2401 22159 0.8 883 603
271 ! B -(.401 22159 [£% 863 603
kAN 1 C -0.40) 22.961 0.8 89,6 603
4\l 2 A -0.401 24.565 0.8 877 603
511 2 B 0.401 24.565 0.8 87.5 603
611 2 o 0.401 23.763 08 88.5 603




SYmE

wememewnven . Cables input data

Study: MA-US-182 Yesler to Union Sub Ampacity Study, June 2011

Execution:
Date: 6/6/2011

General cable information

- Description

W&U-1B-12"HP w insl-21°d,5'h 2500kcmiiCu-2@603A@89.8h

Cable type no

Number of cores

Is layer present?

Voltage kY s
Conductor arca inch 1.9631
Maximum Steady-State Conductor Temperature °C %0
B Maximum Emergency Conductor Temperature *C 110
Construction
Conductor
Matcrial copper
Resistivity {20°C ulhem 17241
Temperature coctlicicnt /K 0.00393
Reciprocal of femperature cocfficient of resistance {BETA) °C 234.5
Volumetric specific heat (SH) K. 3.45
Construction 4 sepments
1s eable dricd? No
ks (Skin ctfect cocfficient) 0.44
kp (Proximity cffeet cocfficient) (.37
16 { Diameter inch 1.77
Conductor shield
4118 layer present? Yes
Thickness inch 0.05
Diameter inch 1.87
fation
i{1s Tayer present? Yes
Material XLPE (unfilled)
Thermal resistivity Kan/w 3.5
Diclectric loss factor - { tan § ) 0.0¢1
] i JRelative permittivity (£ ) 25
= {Thickness inch 0.8
=267 | Diameter inch 3.47
Insulation screen
Yes

0. | Diameter

Material semi-conducting
Thickness inch 0.05
inch 3.57




Sheath

"'3_1_ =15 layer present? Yes
= {Is around each corc? (Only for Three core cable) No
2 {Materiat copper
Resistivity @20°C nQd.cm 1.7241
Temperature coefficient I/K 0.00393
Reciprocal of temperature cocfficient of resistance (BETA) °C 234.5
Volumetric specific heat (SH) IK '’ 345
Corrugated construction Corrugated
Thickness of the cormigated sheath imch 0.03
Inner radius of the corrugated sheath inch 1.91
Outer radius of the corrugated sheath inch 2.035
272 [Thickness inch 0.25
3 Diameter inch 4,07
el
Is taycr present? Yes
Material polyethylenc
Thermal resistivity K.an/w 33
Thickness inch 0.155
:|Diameter inch 4.38

Overall cable diameter
: : IDiamcler | inch | 4.38 |

I T S 7

SPECIFIC INSTALLATION DATA
Banding

I 1-CCN, sheaths single point bonded, triang. configuration { l Yes l

Loss factor constant

lLoss factor constant | I 0.3 |

Duct construction

SPVC duct in concrete or buried Yes
4 | Resistivity (RH) 6
Cables touching

ISinglc conductor cables NOT touching | | Yes I

I S I N N N O A A

Temperature calculations

1 Cable type no l 1 1 1 1 1
2 Cireuit no 1 1 1 2 2 2
3 Phase A B C A B C
4 0, Conductor temperature °C 38.8 898 89.6 87.7 875 88.5
5 11 Sheath/Shicld temperature *C 85.5 36.5 B6.4 84.5 84.2 853
6 9 Armour/Pipe or Jacket temporature °C 85.1 86.1 86 84,] 838 849
7 B, Exterior duct temperature °C 4.1 4.1 4.2 4.3 4.4 43
8 0, Ambient temperature °C 36.4 36.4 36.4 36.4 36.4 36.4




Cable type no: 1

Cable type: EXTRUDED

Cable 1D: 1315C2.5MX5

Cable title: 115KV 2500 KCMIL CU XLPE BOOmil Southwire

Condugtor. copper, 4 segments
D=1.77 inch

Conductor shisld

Th=0.05, D=1.87 inch
Th=0.8, D=3.47 inch

insu. sereen, semi-conducting
Th=0.05, B=3.57 inch
Lonugaled sheath, copper
Th=0.25, D=4.07 inch
Jackst. polyethylene
Th=6.155, D=4.28 inch

+ Overall cable diameter=4.38 inch

VYoltage= 115.0 kY Cond. area= 19631 inch2 {2000 KCHIL)

Conduttor, copper
Cable not dried. Skin=Program selects
Conductor shiefd

tnsutation, XLPE funfilfed)
TANDELTA=0,001, EPSILN=25
fnsu. screen, semi-conducting

Coirugated sheath, coppes
Th. cosesrg,=0.03, Inner radius=1.91, Quler radins=2.93% inch
Jacket. polvethylene

May. Steady-State Cond. Temp.=90 deg.
Voltage= 115.0 k¥ Cond. area= 1,.9631 inch2 (2500 KCHIL) Max Transient Cond. Temp =111 deg.
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Summary

wrernnonnc 1no. REOSUHS

Study:

Execution:

Date: 6/10/2011
Frequency: 60 Hz

Conductor Resistances:

Fraction of conductor current returning
through sheath for single phase cables:

IEC-228

MA-US-18&2 Yesler to Union Sub Ampacity Study, June 2011
W&U-IC-12"HP w insl-21'd,0'h 2500kemilCu-2@603A@68.1h

SmE

Installation Type: Multiple Duct Banks Backfills

Parameter Unit Value
Ambient Seil Temperature as nstallations Depth °C 36.4
Thenmal Resistivity of Native Soil °Cam/wW !
Layers Dimensions {ft] Fhermal
- Type Resistivity
No.: Name X Center Y Center Wirdth Height : {*C.m/W]:
1 DB 4X2 [H 23.032 1.854 4063 Standard ductbank 0.6
2 Backfill ¢ 10.495 2001 21.0M Backf{ill 075
3 Backfill -hrz 15,51 0,331 19.019 Backfill 8333
4 Backfitl 472 13.51 0.331 19.019 Backfill 8333
Heat Scurce Type Temperature
Heat Seurce Temperature °C i85
Heat Scurce X Center It 0
Heat Source Y Center ft 8
Heat Source Diameter incl: 12
Heat Seurce Insutation Diameter inch 24
Heat Souree Insulation Thermal Resistivity °C./W 78.084

[ T T R ROV I

H

= HE L3
LM s LKEU WA

Summary Results

Solution converged
Cable\Cabie Cireuit Phase Location toad Factor | Temperature Ampacity

type no X[rt] Yt} fp.u.] £°cl [A}
vl 1 A 0401 22,159 08 67.2 603
2l i B -0.401 22.159 0.8 67.6 603
v { C -0.401 22.861 0.8 68.1 603
LAY 2 A -0.401 24,565 0.8 G6.3 603
Sy 2 B 0.401 24,565 0.8 66.6 603
(Y] 2 C 0.401 23763 0.8 68 603




cymE

wenmananne s CABIES INpUt data

Study: MA-US-182 Yesler to Union Sub Ampacity Study, June 2011
Execution: WELU-1C-12"HP w insl-21'd,0'h 2500kemilCu-2@603A@68.1h

Date: 6/10/2011

m S U Lo paseription s

General cable information

Cable type no 1
Number of cores l
Voltage kv 115
Conductor arca inch’ 1.9631
Maximum Steady-State Conductor Temperature °C 90
: i [Maximun Emergency Conductor Temperature °C 110
Construction
Conductor
Material copper
Resistivity @20°C ud.cm 1.7241
Temperature cocfficient K 0.00393
Reciproeal of temperature cocfficient of resistance (BETA) °C 234.5
Volumetric speceific heat (SH) K.m® 3.45
Construction 4 segments
Is cable dried? No
ks (Skin effect cocfficient) 0.44
kp (Proximity effect cocfficient) 0.37
2216 Diameter inch 177
Conductor shield
Is layer present? Yes
| Thickness inch 0.05
s{Diameter inch 1.87
fation
05 1s layer present? Yes
Material XLPE (unfilled)
Thermal resistivity K.miw 3.5
Diclectric logs factor - (tan § ) 0.001
Relative permittivity (& ) 2.5
Thickness inch 0.8
: Diameter inch 3.47
Insulation screen
~{1s layer present? Yes
Material semi-conducting
" Thickness inch 0.05
3¢ | Diameter inch 3.57




Sheath

’il Is layer present? Yes
12327 {1s arcund each core? (Only for Three core cable) No
Material copper
Resistivity @20°C u{d.cm 1.7241
Temperature cocfficient VK 0.00393
Reeiprocal of temperature coeflicient of resistance (BETA) °C 234.5
Volumetric specific heat (SH} JE.o® 345
Corrugated construction Corragated
Thickness of the cormugated sheath inch 0.03
Inner radivg of the cormgated sheath inch 1.91
Outer radius of the corrugated sheath inch 2.035
*FThickness inch 0.23
Vo Diameter inch 4.07
Jacket
i Hs layer present? Yes
Material polyethylenc
Thermal resistivity Koav/w 3.5
Thickness inch 0.155
4R [Diameter inch 4.38
Overall cable diameter
EDiamctcr inch 4.38

I I S

SPECIFIC INSTALLATION DATA

Bonding
EluCON, sheaths single point bonded, triang. configuration Yes
Loss factor constant
2 _EQZ-ELoss factor constant 0.3
Duct construction
PV duct in conerete or buried Yos
Resistivity (RH) [
Cables touching
:}:ISinglc condustor cables NOT touching Yes

I ) I I I I T N N

Temperature calculations

i Cable type no 1 1 1 I 1 1
2 Circuit no 1 1 1 2 2 2
3 Phase A B C A B

4 B, Conductor temperature °C 67.2 67.6 68.1 66.3 66.6 63
5 0; Sheath/Shicld temperature °C 64,2 64.6 45,1 63.2 63,5 649
6 9 Armour/Pipe or Jacket temperature °C 63.8 64.1 64.7 62.8 63.1 64.5
7 6, Exterior duct temperature °C 4.8 4.9 4.9 47 1.8 4.9
8 0, Angbient temperature °C 36.4 364 36.4 364 36.4 36.4




Cable type no: 1
EXTRUDED
115C2.5MX5

Cable type:
Cable ID:
Cable title:

115KV 2500 KCMIL CU XLPE 800mil Southwire

Conducior, copper, 4 segments
D=1.77 inch

Conductor shield

Th=0.05, B=1.87 inch
Ingulation, XLPE (unfifled)
Thafl.B, D=3.47 inch

Insu. sereen, semi-conducting
Th=f1.05, D=3.57 inch
Lonunaled sheath, copper
Th=0.25, D=4.07 inch

Jacketl. polyethylens
Th=0.159, D=4.38 inch

+ Qverall cable diamater=4.38 inch

Voltage= 115.0 k¥ Cond. ares= 1.9631 inch2 {2500 KEMIL)

Conductor, coppes
Cable not dited, Skin=Program selects
Conductor shield

Insulation, XLPE {unfilled)
TANDELTA=0.001, EPSILM=25
Insu. screen, semi-conducting

Corrugated sheath, copper
¥h, corrug,=8.03, Inner radius=1.91, Outer radius=2.03% inch
Jackel. polyethylene

Hax. Steady-State Cond. Temp.=90 deg.




EYmE Summary QME

wagaranense e REOSUHIES

Study: MA-US-1&2 Yesler to Union Sub Amgacity Study, June 2011
Execution: WU-10-12"HP w insl-21'd, 7’h 2500kemilCu-2@603A@89.6h
Date: 6/10/2011

Frequency: 60 Hz
Conductor Resistances: 1EC-228
Fraction of conductor current returning

through sheath for single phase cables: 1
Installation Type: Multipie DPuct Banks Backfills
Parameter Unit Value
Ambient 80il Temperature at Installation Depth °C 36.4
Thermal Resistivity of Native Soil CaW 1
Layers Dimensions [ft] . Thermal Resistivity
R TVPB ["C mlw]

No.; Wame | X Center | Y Center Witdth Height o . '

H DB 4X2 0 23.032 1,854 4.063 Standard ductbank 4.6

z Backfill [ 10.495 2001 21,00t Backfilt 0.75

3 Backfiil -1.48 23.027 1.073 4019 Backlill 075

4 Backfitl 1.43 23.027 1.073 4.019 Backfitl 075

5 Backfill -1.517 10.48 1.001 21001 Backfill 0.75

] Backfitl 1.517 1048 1.00} 2100} Backfill 0.75

7 Back il =2.17 15.5 0.328 18.909 Backfiil 8.33

8 Backll 2172 15.5 £.331 18.999 Backlill 8.33
Heat Source Type Temperature
Heat Source Temperature C 185
Heat Source X Center ft -8.43
Heal Source Y Center ft 3
Heat Source Diameter inch 12
Heat Source Insulation Diameter inch w6
Heal Source Insulation Thermal Resistivity T 54.692

Summary Resuits

Solution converged
Cable\Cable . \ Location Load Factor | Temperature Ampacity
Circuit Phase

type no XEft] Yift] [p.u.] [°cl (Al
(RS L A 0.40¢ 22,159 0.8 385 603
271 1 B -0.401 22.159 0.8 89.6 603
3l 1 C -0.401 22,961 0.8 89.5 603
4\ 2 A -0.401 24.565 0.8 87.4 603
511 2 B 0401 24.565 0.8 87 603
i3V 2 C 0401 23763 0.8 883 603




cYUmE

e voe_CADl@S INput data

Study: MA-US-18&2 Yesler to Union Sub Ampacity Study, June 2011

Execution:
Date: 6/10/2011

W&U-10-12"HP w insl-21'd,7'h 2500kcmilCu-2@603A@89.6h

- Description: 0

General cable information

| Cable type no 1
MNumber of cores 1
“Voltage kv Hs
“:|Conductor arca inch? 1.9631
Maximum Steady-State Conductor Temperaturce °C 90
g Maximum Emergency Conductor Temperature °C 110
Construction
Conductor
Material copper
Resistivity @2{°C uk.em 17241
Temperature cocfficient /K 0.00393
Reciprocal of temperature cocfficient of resistance (BETA) °C 234.5
Volumetric specific heat (SH) JK.m® 3.45
Construction 4 segments
_}; Is cable dried? No
: Jks {Skin effect cocfficicnt) 0.44
kp (Proximity cffcet cocfficient) 0.37
#1675 | Diameter inch 1.77
Conductor shield
Is layer present? Yes
& Thickness inch 0.05
19 Diameter inch 1.87
Insulation
Zi1s layer presemt? Yes
Matcriat XLPE (unfilled)
; Thermal resistivity K.mfw 33
;2 Diclectric loss factor - (tan §) 0.G01
Relative permittivity (& ) 2.5
{435 | Thickness ineh 03
26 Diameter inch 3.47
Insulation screen
277 |Is layer present? Yes
Material semi-conducting
"_"2'9_5; Thickness inch 0.05
7307 | Diameter inch 3.57




Sheath

- 31 Is layer present? Yes
32 [ls around cach core? (Only for Three core cable) No
Mazcrial copper
Resistivity ({20°C ulk.cm 17241
Temperature coefficient 17K 0.04393
Reciproczl of tempernture cocfficient of resistance (BETA) °C 234.5
Volumetric specific heat (SH) K 3.45
Corrugated construction Corrugated
Thickness of the corrugated sheath inch 0.03
Inner radius of the corrugated sheath inch 1.91
Outer radius of the corrugated sheath inch 2.035
Thickness inch 0.25
3 |Diameter inch 4.07
Jacket
AT layer prosent? Yes
Material polyethylene
Thermal resistivity Knfw 33
Thickness inch 0.155
: “{Diameter inch 4.38
Overall cable diameter
49 | Diameter inch 4.38

m Description/Value m_

SPECIFIC INSTALLATION DATA

Bonding

1-COMN, sheaths single point bonded, triang. configuration Yes
Loss factor constant

2_-:}3:51Loss factor constant 0.3

Duct construction

PVC duct in concrete or buried Yes

-4t Resistivity (RH) 6

Cables touching

Single conductor cables NOT touching Yes

I S I I N N B N

Temperature calculations
1 Cable type no 1 1 ! 1 i 1
2 Circuit no t 1 1 2 2 2
k| Phasc A B C A B C
4 B, Conductor temperature °C 88.5 88.6 89.5 874 87 88.3
5 & Sheath/Shicld temperature °C 85.3 86.4 86.3 84.2 838 85.1
6 g Ammour/Pipe or Jacket temperature °C 84.8 86 859 83.7 83.4 84.6
7 0, Exterior duct temperature °C 4.5 4.5 4.5 4.6 4.6 4.6
g a, Ambient tomperature °C 36.4 36.4 364 36.4 36.4 6.4




Cable type no: 1

Cable type: EXTRUDED

Cable ID: 115C2.5MX5

Cable title: 115KV 2500 KCMIL CU XLPE 800mit Southwire

Canductor. copper. 4 segments
D=1.77 inch

— Landucior shield

Th=0.05. D=1.87 inch
Insulatian, XLPE {unfillzd)
Th=0.8, D=3.47 inch

Insu. scieen, semi-conducling
Th=0.05, D=3.57 inch
Corrugated sheath, coppe:
Th=0,25, D=4.07 inch

Jackel, polyethylene

| Th=0.155, D=4.38 inch

« (tverali cable diameter=4.38 inch

Yoltage= 115.0 k¥ Lond. atea= 1.9631 inch2 (2500 KCMIL)

Conductar. copper
{able nal dried. Skin=Program selects
Conductor shield

Insulation, XLPE [unlilled)
TANDELTA=0.001, EPSILN=2 5
Insy. sereen, semi-condusting

Corrugated sheath, copper
Th. sorrua.=0.03, Inner radius=1.91, Duter radius=2.839 inch
Jacket, polyethylene

Har. Steady-State Cond. Tenp =90 deqg.




CYMmME Summary
m'g;mE Results
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Study: MA-US-182 Yesler to Union Sub Ampacity Study, June 2011
Execution: WEL-2A-12"HP w insl-18'd,0'h 2500kcmilCu-2@603A@64.3h
Pate: 6/6/2011

Frequency: 60 Hz

Conductor Resistances: 1EC-228

Fraction of conductor current returning

through sheath for single phase cables: 1

Installation Type: Multiple Puct Banks Backfills

Parameter Unit Value
Ambicnt Seil Temperature at Installation Depth °C 364
Thermal Resistivity of Native Soil °Con/W H
Layers Dimensions [ft] Thermal
Type _ Resistivity
No.| Name | X Center Y Center Width Height . C{eC.m/WY. .
L DB 4X2 0 20.032 1.854 4.063 Standard ductbank 0.6
2 Backfill 0 8.982 2.001 17.99% Backfill 0.75
Heat Source Type Temperature
Heat Source Temperature °C 185
Heat Spurce X Center ft [
Heat Scurce Y Center ft 7
Heat Seorce Diameter inch 12
Heat Seurce Insulation Diameter inch 24
Heat Scurce Insulation Thermal Resistivity *Can/W 78.084

Bl N CED Redent trea s G oy
B S s AT T S ey et T S S A A R R B i

[

[y R TR TH (i BH T T T £ EE LR 5 ESS N

Bk k) 1 T b X
| Rans ey L RS T

Summary Results . -

Solfution converged

Cable\Cable . Location Load Factor | Temperature Ampacity
Circuit Phase
type no XEft] Y[ft] [p.u.] [*Ci [A]
1Ay l 0.401 19.139 0.8 633 603
241 1 B -0.401 19.159 0.8 63.6 603
3\ 1 c -0.401 19.961 0.8 64.2 603
41 2 -0.401 21.565 0.3 63.5 603
5%1 2 .401 21.565 0.8 63.8 603
6y 1 2 0,401 20,763 0.8 64.3 603
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e oo GERIES TNPUt data

Study: MA-US-1&2 Yesler to Union Sub Ampacity Study, June 2011
Execution: WE&U-2A-12"HP w insl-18'd,0'h 2500kemilCu-2@603AE64.3h

Date: 6/6/2011

m e I Dascription.

General cable information
S EECable type no

Number of cores 1
Voltage kv 113
Conductor arca inch® 1.9621
Maximum Steady-State Conductor Temperature °C 90
2167 {Maximum Emergency Conductor Temperature °C 110
Construction
Conductor
Material copper
Resistivity @20°C utk.cm 17241
Temperature cocfficicnt /K 0.00393
Reciprocal of temperature cocfficicnt of resistance (BETA) °C 2343
Volumetric specific heat (SH) K 345
Construction 4 segments
Is cable dricd? No
ks (Skin effect cocfficient) 0.44
kp (Proximity cffect cocfficient} 0.37
1167 | Diameter inch 1.77
Conductor shield
7 [1s layer present? Yes
Thickness inch 0.05
"::_ Diameter inch 1.87
fation
01 Ts layer present? Yes
Material XLPE (untiticd)
Thermal resistivity Komv/w 35
s Dielecteic loss factor - ((tan & } G.00%
Relative permittivity (£ ) 2.3
2| Thickness inch 0.8
“HDiameter inch 1.47
fation screan
7+ Is layer present? Yes
. |Matcrial semi-conducting
Thickness inch 0.05
‘| Diameter inch 3.57




Sheath

<31 [1s layer present? Yes
32+ [Is around cach core? (Only for Three core cable) No
35 | Material copper
Resistivity @20°C ull.om 1.7241
Temperature cocfficient 17K 0.00393
Reciprocal of temperature cocficient of resistance (BETA) °C 234.5
Volumetric specific heat (ST K.y 345
Corrugated construction Corrugated
Thickness of the corrupated sheath inch 0.03
Inner radius of the corrugated sheath inch 1.91
Outer radius of the corrugated sheath inch 2.035
Thickness mch 0.25
437 | Diameter inch 4.07
Jacket
e i ) laycr present? Yes
Material palycthylene
Thermal resistivity Konvw 35
Thickness inch 0.153
72 |[DHameter inch 4.38
Overall cable diameter
I 49 : lDiameler | inch | 4.38 |

I I S T

SPECIFIC INSTALLATION DATA

Bonding
l_:_ I {-CON, sheaths single point bonded, triang. configuration i } Yes 1
Loss factor constant
lLoss factor constant I | 0.3 |
Duct construction
: ZEPYC duct in concrete or buricd Yes

a7 [Resistivity {RH) 6
Cables touching

I;_E 5 lSingic conductor cables NOT touching l I Yes l

oo Joma | amron o |

Temperature calculations

1 Cablc type no 1 1 i 1 1 1
2 Circuit no 1 1 i 2 2 Z
3 Phasc A B C A B C
4 a, Conductor temperature °C 633 63.6 G4.2 63.5 63.8 64.3
5 6; Sheatl/Shickl temperature °C 60.3 60.6 61.2 60.5 60.8 61.2
6 & Armour/Pipe or Jacket temperature °C 59.9 60.2 60.8 60.1 60.4 60.8
7 0, Exterior duct temperature °C 19 39 4 4.3 4.2 4.1
8 8, Ambicnt temperature °C 36.4 36.4 364 36.4 364 36.4




Cable type no: 1

Cable type: EXTRUDED

Cable 1D: 115C2.5MX5

Cable title: 115KV 2500 KCMIL CU XLPE BOOmil Southwire

Conductor, copper. 4 segments
B=1.77 inch

Conductor shield

Th=0.05, D=1.87 inch
Insulation, XLPE [unfited}
Th=0.8, D=3.47 inch

Insu. sereen, semi-conducting
Th=0.05, B=3.57 inch
Th=0.25, DB=4.07 inch

Jdacksl. polyethylene
Th=0.1%9, B=4.38 inch

i+ Ovesall cable diamster=4.38 inch

Yaoltage=115.0 kY Cond. area=1.963 inch2 (2500 KCMIL)

Conductor. copper
Cable not diied, Skin=Program selects
Conductor shield

Insulation, XLPE {unfilled)
TANDELTA=D.0M, EPSILH=25

Insu. screen, semi-conducting

Conugated sheath, coppe:
Yh, cormug.=0.83, inner sadius=1.91, Quter sadine=2.03% inch
Jacket, polyethylens

Max, Steadu-State Cond. Temp.=90 deg.




CHIRE Summary
M#WE Results

CYMmE

Study: MA-US-182 Yesler to Union Sub Ampacity Study, June 2011
Execution: WaIU-2B-12"HP w/0-18'd,5'h 2500kemilCu-2@603A@89.7h
Date: 6/6/2011

Frequency: 60 Hz

Conductor Resistances: 1EC-228

Fraction of conductor current returning

through sheath for single phase cables: i

Installation Type: Multipie Duct Banks Backfills

Parameter Unit Value
Ambicat Soil Temperawre at Ingtallation Depth “C 36.4
Thermal Resistivity of Native Seil T/ !
Layers Dimensions [ft] Them@l
Type Resistivity
No.| Name | X Center | Y Center Width Height . [°C.m/W]}
] DB 4X2 0 20032 1.854 4.063 Standard ductbank 0.6
2 Backfill 0 3982 2.001 7999 Backfill 0.75
3 Backfill -1.484 20.026 1.073 4.026 Backfill 075
4 Backfill 1.484 20026 1.073 4.026 Backfill 0.75
3 Backfill -1.516 8,965 1.004 17,999 Backfill 0.75
6 Backfill 1516 8.965 1.00% 17.999 Backfill 4.75
lcat Sowrce Type Temperature
Tieat Source Temperature °C 185
1fcat Source X Conter -6.43
Heat Source Y Center 7
Heat Source Diameter inch 12
Heat Sowrce Insulation Diameter inch 26
Heat Source Insulation Thermal Resistivity *Can/W 54.692
® g

b e Vs s

Summary Results |

Solution converged
Cabie\Cable Circuit Phase iocation Load Factor | Temperature Ampacity

type no X[ft] Yift] fp.u.l [ec] [A]
111 1 A G.401 19.159 08 885 603
241 ! 3 0401 19.159 0.8 9.7 603
kAN 1 c 0.4 19.961 0.8 %9.5 603
LAY 2 0401 21.565 0.8 B7.4 603
511 2 B £.401 21.565 0.8 87.1 603
611 2 C 0.401 20.763 208 88.1 603




CYMmE

INTEAMATIENAL Tat Ca bles input data

Study: MA-US-1&2 Yesler to Union Sub Ampacity Study, June 2011

Execution:
Date: 6/6/2011

LI Deseription:

W&U-2B-12"HP w/0-18'd,5'h 2500kemilCu-2@603A@89.7h

General cable information

ik Cable type no

= [Number of cores

i [V oltage

kv 115
}:- FConductor arca inch? 1.9631
Maximum Steady-State Comducter Temperature °C 90
Sle (Maximum Emergency Conductor Temperature °C 110
Construction
Conductor
Matcrial copper
Resistivity @20°C ufd.cm 1.7241
Temperature cocfficient 17K 0.00393
Reciprocal of temperature cocfficient of resistance (BETA) °C 234.5
Volumetric specific heat {SH) o 3.45
Construction 4 segments
“{1s cable dricd? No
ks (Skin effect cocfficient) 0.44
kp (Proximity cffeet cocfficient) 0.37
6| Diameter inch L
Conductor shield
- I'} Ts layer present? Yes
18 [Thickness inch 0.05
4 IDiameter inch 1.87
tation
2 |Ts layer present? Yes
[Material XLPE {unfillcd)
-} Thermal resistivity Kav/w 3.5
o [electric loss factor - (tan 8) 0.001
-_”;: Relative permittivity (e ) 25
| Thickness inch 0.8
6 |Diameter inch 3.47
Insulation screen
" |Is tayer present? Yes
_: 2 IMaterial semi-conducting
207 | Thickness inch 0.05
730 - Diameter inch 3.57




Sheath

-_Z 15 layer prosent? Yes
Is arcund cach core? (Onty for Three core cable) No
Material copper
Resistivity @20°C ut.cm 1.7241
Temperature coctficiont VK 0.00393
Reciprocal of temperatare coefficient of resistance (BETA) °C 234.5
Volumetric specific heat (SH) Im® 3.45
Corrugated construction Corrugated
Thickness of the corrugated sheath inch 0.03
Inner radius of the corrugated sheath inch 1.91
Ouler radius of the corrugated sheath inch 2.035
| Thickness inch 0.25
437 IDiameter inch 4.07
Jacket
S48 Ts layer present? Yes
Material polycthylene
Thermal resistivity K.miw 3.5
Thickness inch 0.155
+ {Diameter inch 438

Overall cable diameter

Dinmeter inch 4.38
l I | |

I T S N N

SPECIFIC INSTALLATION DATA
Bonding

I 1-CON, sheaths single point bonded, triang. configuration | i Yes i

Loss factor constant

lLoss factor constant | | 03 I

Duct construction

PVC duct in concrete or buried Yes
| Resistivity (REE) 6

Cables touching

: ISingic conductor cables NOT touching l s Yes I

I S IS N S N I N A

Temperature calcufations

1 Cable type no 1 1 1 1 1 !

2 Circuit no 1 i 1 2 2 2
3 Phase A B C A B C
4 9, Conductor temperature °C 88.5 89.7 89.5 874 87.1 BR.1
5 0 Sheath/Shicld temperature *C 853 86.5 86.3 84.2 839 84.9
[ i Armour/Pipe or Jacket teimperature °C 84.9 861 85.8 838 83.4 84.5
7 0, Exlerior duct temperaturc °C 4 4 4 42 4.2 4.1
8 0, Ambient temperature °C 36.4 364 364 36.4 36.4 36.4




Cable type no: 1
Cable type: EXTRUDED

Cable ID: 115C2.5MX5

Cable title: 115KV 2500 KCMIL CU XLPE 8Q0mil Southwire

—— Conductoi. copper. 4 segments

D=177 inch

Condugtor shield

Th=0.05. D=1.87 inch
nsulation, XLPE (unfillzd)
Th=0.8, B=3.47 inch

Insu. screen, semi-conducting
Th=0.05, D=3.57 inch
Corruaated sheath, copper
Th=0,2%, D=4.67 inch
dacket, polyethylene
Th=0.15%, D=4.38 inch
Overall cable diameter=4.38 inch

Conductor, copper

Cable not diied. Skin=Program selects

Conductor shield

Insulation, XLPE [unfilled)
TANDELTA=0.001, EPSILN=25
Insu. screen, semi-conducting

Corrugated sheath, copper

Th, conrua.=0.03, Inner radius=1.91, Outer radiug=2.035 inch

Jacket, polyethylene

Hax, Steady-State Cond. Temp. =90 deq.
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Summary ng

Results ‘ar

Study!
Execution:
Date:
Frequency:

Conductor Resistances:

MA-US-182 Yesler to Unien Suby Ampacity Study, June 2011
WE&U-2C-12"HP w insl-21'd,0'h 2500kcmitCu-2@603A@67.90
6/10/2011

60 Hz

1EC-228

Fraction of conductor current returning
through sheath for single phase cahbles: 1

installation Type: Muiltiple Duct Banks Backfills

Parameter Unit Value
Ambient Soif Temperature at Installation Depth oC 36.4
Thermal Resistivity of Native Soil *CYWY I
Layers Dimensions [ft] Thermal
Type Resistivity
No.| Name | X Center Y Center Width Height [*C.m/ W}
1 DR 4X2 0 20.032 1.854 4.063 Standard ductbank 0.6
2 Backfill 0 8.982 2.001 17.999 Backfilt 0.75
3 Backlfill -L172 14.013 0341 16.024 Backfill 8333
4 Backiill 1172 14.013 0.331 16.024 Backfill 8,333
Heat Source Type Tenperaturg
Heat Source Temperature °C i85
Heat Source X Center ft 0
Heat Source ¥ Center ft 7
Heat Source Diametsr inch 12
Heat Source Insulation Diameter inch 24
Heat Source Tnsulation Thermal Resistivity °C.o/W 78.084

E M B s 23 Ao 3ot = 34

e T e E3 W e
LK e oot 1AL AW

Summaty Results

Solution converged
Cable\Cabile Cireuit Phase Location Load Factor | Temperature Ampacity

type no X[rt] Y{ft] fp.u.] [ecl [A]
Thi i A 0.401 19.159 0.8 66.5 603
hvi 1 B 0,401 19.159 08 66.9 603
3 1 C -0.401 19.961 08 67.4 603
431 2 A -0.401 21.565 08 65.5 603
5vi 3 B 0.401 21.565 08 658 603
(A 2 C 0.401 20.763 0.8 612 603
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wemmmmenni en_Cables input data

Study: MA-US-1&2 Yesler to Union Sub Ampacity Study, June 2011
Execution: WE&U-2C-12"HP w insl-21'd,0'h 2500kcmilCu-2@603A@67.4h
Date: 6/10/2011

m Sl Daseription

General cable information

{Cable type no 1
Number of cores 1
Voltage kv 115
Conductor arca inch? 1.9631
:cIMaximum Steady-State Conductor Temperature °C 90
263 [Maximum Emergency Cenductor Temperature °C 110
Construction
Conductor
Material copper
Resistivity @20°C uQd.erm 1.7241
Temperature cocfficient K 0.00393
Reeiprocal of temperature coefficient of resistance (BETA) °C 2345
Volumetric speeific heat (SH) IK.m® 345
Construction 4 segments
1s cable dricd? No
ks (Skin effeet cocfficient) 0.44
kp (Proximity effect cocfficient) 0.37
16 {Diameter inch 1.77
Conductor shield
Is layer present? Yes
Thickncss inch 0.05
i Diameter inch 1.87
fation
222007 Is layer present? Yoes
Material XLPE (unfilled)
Thermal resistivity K.nfw 3.5
Diclectric loss factor - ( tan 3 } 0.001
| Relative permittivity (£ ) 2.5
Thickness inch 0.8
6 | Diameter inch 347
Insulation screen
277 |Is layer present? Yes
Material semi-conducting
| Thickness inch 0.05
i Diameter inch 3.57




Sheath

3% s layer presemt? Yes
£2322Hs avound cach core? (Only for Three core cablc) Wo
33 : fMaterial copper
i3] Resistivity @20°C uQd.cm 1.7241
57| Temperature coefficient /K G.00393
Reciprocal of temperature coefTicient of resistance (BETA) °C 2345
Volumetric specific heat {(SH) K.’ 345
Corragated construction Corrugated
Thickness of the corrgated sheath inch 003
Tnner radivs of the corrugated sheath inch 1.91
Outer radius of the corrugated sheath mch 2.035
2| Thickness inch 0.25
437 {Diameter inch 4,07
Jacket
445 {1s layer present? Yes
Material polycthylene
Thermal resistivity K.m/fw 35
7% [ Thickness inch 0.155
48 IDismeter inch 4.38
Overall cable diameter
: 9_'_'~:|Diamctcr I inch I 4.38 l

T Y

SPECIFIC INSTALLATION DATA

Bonding

I i 1-CON, shcaths single point bonded, triang. configuration l | Yes |
Loss factor constant

| =24 {Loss factor constant | | 0.3 l
Duct construction

TV duct in concrete or buried Yos

= pResistivity (RH) 5

Cables touching

15 i [Singlc conductor cables NOT touching | l Yes |

I N A I I I B S A

Temperature calculations

1 Cablc type no 1 l ! 1 i 1
2 Circuit no 1 H i 2 2 2z
3 Phase A B C A B C
4 8. Conductor temperature °C 665 66.9 67.4 65.3 65.8 67.2
5 o Sheath/Shicld temperature °C 63.4 G3.8 64.4 625 62.8 64.2
6 g Armour/Pipe or Jacket temperature °C 63 63.4 63.9 62.1 §2.4 63.8
7 [ Exlterior duct temperature °C 4.7 4.7 4.7 4.6 4.6 4.8
8 4, Ambient temperature °C 364 364 36.4 36.4 36.4 36.4




Cable type no: 1

Cable type:
Cable 1D:
Cable title:

EXTRUDED
115C2.5MX5
115KV 2500 KCMIL CU XLPE 800mil Southwire

Conductoi, eopper. 4 segments
D=1.77 inch

Conductos shield

Th=0.05, D=1.87 inch
Insulation, XLPE {unfilled}
Th=0.8, D=3.47 inch

Insu. screen, semi-conducling
Th=0.05, D=3.57 inch
Corrugated sheath, copper
Th=0.25, D=4.67 inch

Jacket, polyethylene
Th=0,153, D=:4,3% inch

Ovesall gable diamster=4.38 inch

Voltage= 115.0 k¥ Cond. area= 1.9631 inch? (2500 KCMIL)

Conductor, copper
Cable not diied. Skin=Pregram selects
Conductor shield

Insulatian, XLPE {unfilled)
TANDELTA=0.01, EPSILN=25
Insu. screen, semi-conducting

Corrugated sheath, copper
Th. cosug.=0.03, Inner radius=1.91, Quter radiug=2.03% inch
Jacket. polyethylene

Hax. Steady-State Cond. Temp.=98 deg.
Voltage- 115.0 kY Lond._area= 1.9631 inch2 (2500 KCMIL) Hax, Transient Cond. Temp.=110 deg.




SYME Summary QME
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I
Study: MA-LiS-1682 Yesler to Union Sub Ampacity Study, june 2011
Execution: WERU-2D-12"HP w/0-18'd,7'h 2500kemilCu-2@603A@89.0h
Date: 6/10/2011
Frequency: 60 Hz
Conductor Resistances: [EC-228
Fraction of conductor current returning
through sheath for single phase ¢ables: 1
Installation Type: Multiple Duct Banks Backfills
Parameter Unit Value
Ambient Soil Temperature at Instailation Depth °C 364
Thermal Resistivity of Native Soil Can/W ¥
Layers Dimensions [ft] Thermal Resistivity
- - Type [*C.m/ W]

No.| Name | X Center | ¥ Center Width Height

{ DO aX2 0 20.032 1.854 4.063 Standacd ductbank 0.6

2 Backnill 0 8.952 2.801 17.99% Backniil 2.75

3 Backfill -1.484 20.026 1073 4.026 Backfill 0.75

4 Backfill 1.484 20.026 1.073 4,026 Backfill 0.75

5 Backfill -L516 $.965 1.001 17.999 Backfill 0.75

6 Backnil 1.516 8.963 1.001 17.999 Backdilt 0.75

7 Back[itl <217 14 0.328 16.004 Backfil} 8.33

H Backfill 2172 14 0331 16.001 Backfifl 833
Heat Source Type Temperalure
EHeat Source Temperalure °C 135
Heat Source X Center i} -843
Heat Source Y Center n 7
Heat Source Dianreter inch 12
Eeat Source Insulation Diameter inch 26
Heat Source Tnsulation Thermal Resistivily *C.m/W 54.692

Summary Results . .

Solution converged
Cable\Cable . Location Load Facter | Temperature Ampacity
Circuit Phase

type no X[ft} Y] [p.u.] [ec] 1A]
Iy ¥ A 0.401 19.159 03 §7.7 603
24 ¥ B -0.401 19.159 0.8 89 403
v 1 < -0.401 19.961 0.8 §8.9 403
EAY] 2 A -0.401 21.565 0.8 86.7 403
5hvi 2 8 0.401 21,565 0.8 86.2 603
Bht 2 L 0.401 20.763 08 815 603
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weemmmenns 7en CaDlES Thput data

Study: MA-US-1&2 Yesler to Union Sub Ampacity Study, June 2011

Execution:
Date: 6/10/2011

m SRl e Deseription

W&U-2D-12"HP w/fo-18'd,7'h 2500kemilCu-2@603A®89.0h

General cable information

:}Cable type no 1
Muber of cores i
Voltage kv 115
Conductor arca inch? 1.9631

7 [Maximum Steady-State Conductor Temperature °C 9%
6 iMaximum Emergency Conductor Temperatuze °C 110
Construction

Conductor
Material copper
Resistivity g020°C uQd.cm 1.7241
Temperature cocficient i 0.00393
Reciprocal of temperature cocflicient of resistance (BETA) °C 234.5
Volumetric specific heat (SH) WK 345
Construction 4 segments
3.7 [Ts cable dried? No
ks (Skin effect cocfficient) 0.44
kp (Proximity effect caefficient} 0.37
% 1§ {Diamcter inch 1.77
Conductor shiefd
LiEE |Ts layer present? Yos
" 181 [ Thickness inch 0.05
- F9 | Diameter inch 1.87
Insulation
".-2{)_' > {Is layer present? Yes
: Material XLPE (unfitled}
22| Thermat resistivity K.iw 33
123" | Dielectric loss factor - (tan § ) 0.001
24% | Relative permittivity (& ) 2.5
5257 Thickness inch 0.8
26 [Diameter inch 347
Insulation screen
LT i |¥s fayer present? Yes
Matcrial sermi-conducting
-29° [Thickness inch 0.03
730 [Diameter inch 3.57




Sheath

2223115 layer present? Yes

Al around cach core? (Only for Three core cable) No

AMaterial copper

34 ] Resistivity @20°C n.em 1.7241
R 35 ..} Temperature cocfficient VK 0.003%3
3t Reciprocal of temperature cocfficient of resistance (BETA) °C 2345

Valumetric specific heat {(SH) WK 3.45

Corugated construction Cormgated

Thickness of the conugated sheath, inch .03

Tnner radius of the cormgated sheath inch 1.1

Chater rading of the corrugated sheath inch 2.035
:z{ Thickncss inch .25

= Diameter inch 4.07

et

|18 laycr presemt? Yes

Material polycthylenc

Thermal resistivity K.m/w 3.5
Thickness inch 0.153

Diameter inch 4,38

Overall cable diameter
| Diameter [ isen | a3

I S T

SPECIFIC INSTALLATION DATA
Bonding

-CON, sheaths single point bonded, triang, configuration l | Yes I

Loss factor constant

ELoss factor constant | | 0.3 |

Duct canstruction

LPVC duet in conerete or buried Yes
i 1HResistivity (RH) 6
Cab.

I T IS N N N P N A

Temperature calculations

les touching

b |Singlc conductor cables NOT touching | I Yes |

| Cable type no 1 1 1 I | 1
2 Circuit no 1 1 1 2 2 2
3 Phasc A B ¢ A B c
4 g, Conductor temperature °C 87.7 89 889 857 86.2 §7.5
5 8, Sheath/Shickd temperature °C 84.5 85.8 85.7 83.5 83 84.3
6 i3 Amaour/Pipe or Jacket terperature °C 84 85.3 853 83 826 83.8
7 8, Exterior cuet temperature *C 4.3 4.4 4.4 4.4 4.5 4.4
8 9, Ambicnt temperature °C 36.4 364 36.4 36.4 36.4 36.4




Cable type no: i

Cable type: EXTRUDED
Cabie ID: 115C2.5MX5
Cable title: 115KV 2500 KCMIL CU XLPE 800mil Southwire

————+ Conductor, copper, 4 segments
D=1.77 inch

Conductor shigld

Th=0.05. D~1.87 inch
Insulation, XtPE [unfilled)
Th=0.8, D=3.47 inch

Insu. screen, semi-canducting

—

Yoltage= 115.0k¥ Cond, area

Th=0.05, D=3.57 inch
Corruqated sheath, copper
Th=0.25, D=4.67 inch

Jacket, polyethylene

Th=0.15%, D=4.38 inch

Overall able diameter=4.38 inch

=1.9631 inch2 {2500 KCMIL]

Canductor, coppes
Cable not diied. Skin=Piagram selscts
Conductor shield

Iazulation, XLPE funfilted)
TANDELTA=D.001, EPSILY=25
insu. sereen, semi-conducting

Corrugated sheath, copper
Th. corrug,=0.83, inner tadius=1.91, Qutes radius=2.03% inch
Jacket, polyethylene

Max. Steady-Stale Cond. Temp.=90 deg.

Yoltage= 1150 kY Cond. atea= 1.9631 inch2 (2500 KCMIL} Max. Transient Cond, Temp =110 deg.
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Study: MA-5-182 Yesler to Union Sub Ampacity Study, June 2011
Execution: WU -3A-14"HPwith insl-18'd,0'h 2500kcmilCu-2@603A@63.2h
Date: 6/6/2011
Frequency: 60 Hz
Conductor Resistances: 1EC-228
Fraction of conductor current returning
through sheath for single phase cables: 1
Installation Type: Multiple Duct Banks Backfills
Parameter . Unit Value
Ambicnt Soil Temperature at Installation Depth °C 36.4
Thermal Resistivity of Native Soil °C./W L
Layers Dimensions [ft] - Thermal Resistivity
- o ype .

No.| Name | X Center | Y Center Width Height . i [°C.m/W]

i DB 4X2 0 20.032 1.854 4.063 Standard ductbank 0.6

2 Backfil 0 8.982 2.001 17.999 Back$il 0.75
Heat Source Type Temperature
Heat Source Temperature *C 185
Heat Source X Center ft ¢
Heat Source Y Center ft 6
Heat Source Diameter inch 14
Heat Source [nsulation Diameter inch 26
Heat Source Insulation Thermal Resistivity *C.n/W 78.084

Summary Results . R

Sofution converged

Cable\Cable Location s Load Factor | Temperature Ampacity

Circuit Phase
type no X[ft] Yift] Ip.u] [cci [A]
1yt 1 A 0.401 19.159 0.8 62.6 603
FARS ] B -0.401 19,159 0.8 62.3 603
37 1 C -2.401 20.763 0.8 63.2 603
4\ 2 A 0.401 19.961 [1X:] 63.1 603
Sy 2 B 0.401 21.565 08 62.5 603
6\ 2 C -0.401 21.565 0.8 62.7 603
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Study: MA-US-1&2 Yesler to Union Sub Ampacity Study, June 2011
Execution: WEaU-3A-14"HPwith insi-18'd,0'h 2500kemilCu-2@663A@63.2h
Date: 6/6/2011

1. Desgription e 5

General cable information

| Cable type no 1
“{Mumber of cores 1
o Voltage 3% s
“{Conductor arca ineh® 1.9631
Maximum Steady-State Conductor Temperature °C 90
‘46l {Maximum Emergency Conductor Temperature °C 110
Construction
Conductor
Material copper
Resistivity @20°C ufd.em 14
Temperature cocfficient /K 0.00393
Reciprocal of temperature cocfficient of resistance (BETA) °C 234.5
Velumetrie specific heat (SH) Kt 3,45
Construction 4 scgments
Is cable dricd? No
ks (Skin effect coefficient) 0.44
kp (Proximity ¢ffect cocfficient) 0.37
2165+ {Driameter inch | e}
Conductor shield
EHT layer present? Yes
Thickness inch 0.05
4 _1_9:: : | Diameter inch 1.87
Insufation
207 1s layer prosent? Yas
Matcrial XLPE Gunfilled)
Thermal registivity Kanfw 35
w3 [ Dhielectric Joss factor - (tan § ) 0.001
Retative permittivity (5 ) 2.5
Thickness inch 0.5
: ; .1{Diameter inch 3.47
Insulation screen
AT Ts layer present? Yos
Matertal scrni-conducting
Thickness inch 0.05
i | Diameter inch 3.57




Sheath

=231 Hs layer present? Yes
32+ |Is around each core? (Only for Three core cable) No
“ Inaterial copper
Resistivity @20°C ubd.om 1.724%
Temperature cocfficient K $.00393
Reciprocal of temperature coefficient of resistance (BETA) °C 2345
Volumetric specific heat (SH) YK.m® 3,45
Corrugated construction Corrugated
Thickness of the corrugated sheath inch 0.03
Inner radius of the corrugated sheath inch 1.91
Quter radius of the corrugated sheath inch 2.035
Thickness inch 0.25
43 |Diameter ingh 4.07
Jacket
: 15 layer prosent? Yes
Material polycthylene
Thertral resistivity K.m/w 3.5
: Thickness inch 0.155
48 [Diameter inch 4.38
Ovarall cable diameter
o IDinmctcr inch 4.38

I I T

SPECIFIC INSTALLATION DATA.

Bonding
: ] 1-CON, sheaths single point bonded, triang. configuration Yes
Loss factor constant
g lLoss factor constant 0.3
Duct construction
PYC duct in concrete or buried Yes
Resistivity (RH) [
Cables touching
e isinglc conductor cables NOT touching Yes

I S 7 T A B A

Temperature calculations

H Cable type no 1 1 1 1 1 1
2 Cireuit no 1 1 1 2 2 2
3 Phase A B C A B C
4 0, Conductor temperature °C 62.6 62.3 63.2 63.1 62.5 62.7
3 9; Sheath/Shicld temperature °C 59.6 59.3 60.2 60.1 59.5 59.7
6 §; Armour/Pipe or Jacket temperature °C 59.2 58.9 50.8 59.7 59.1 59.4
7 0, Exterior duct temperature °C 3.8 3.8 39 38 4 4
8 0, Ambicnt temperature “C 36.4 36.4 36.4 6.4 364 36.4




Cable typeno: 1

Cable type; EXTRUDED

Cable ID: 115C2.5MX5

Cable title: 115KV 2500 KCMIL CU XLPE 800mil Scuthwire

et Cynduetor, copper, 4 segments
D=1.77 inch

Conduetor shicld

Th=0.85. D=1.87 inch
Insulation, XLPE ({unfilfed)
Th=0.8, D=3.47 inch

Insee. sereen, semi-conducting
Th=0.85, D=3.57 inch
Lorruaated sheath, coppes
Th=0.25, D=4.07 inch

Jagket, polyethylene
Th=0.155, D=4.38 inch

+ {verall cable diamster=4.38 inch

Conductor. copper
Cable nat dned, Skin=Program selects
Conductor shield

Insulation, XEPE {unfilled)
TANDELTA=0.081, EPSILN=2.5
Insu. sereen, semi-conducting

Conugated sheath, copper

Jacket, polyethylene

Hay, Steady-State Cond. Femp, =90 deg.
Yoltage= 115,0 kY Cond. area= 1.9631 inch? (2500 KEMIL) Max Transient Cond. Temp =110 deg.
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Study: MA-US-182 Yesler te Union Sub Ampacity Study, June 2011
Execution: W&U-3B-14"HP w/0-18'd,0'h 2500kemilCu-2@603A@87.5h
Date: 6/6/2011
Fregquency: 60 Hz
Conductor Resistances: [EC-228
Fraction of conductor current returning
through sheath for single phase cables: 1
Installation Type: Multiple Duct Banks Backfills
Parameter Unit Value
Ambient Soil Temperature at Installation Depth °C 364
Thermal Resistivity of Native Soil °C.m/W 1
Layers Pimensions [ft] oy Thermal Resistivity
yYpe .

No.[ Name | X Center | Y Center Width Height s o {*C.m/W].

1 DB 4X2 0 20.032 1.854 4.063 Standard duetbank 0.6

2 Backfill 0 8.982 2.001 17.999 Backfil 0.75
Heat Source Type Temperature
Heat Source Temperature °C 183
Heat Source X Center ft -6.43
Heat Source Y Center ft &
Heat Source Diameter inch 14
Heat Source Insulation Diameter inch 26
Heat Source Insulation Thermal Resistivity *Cm/W 78.084

{fiH

oy T T
LK dree rade LIS I

Summary Results

Solution converged

Cable\Cable o Location Load Factor | Temperature Ampacity
type no Circuit Phase % o

[ft] Y[ft] [p.u.1 [°cl [A}
(R | A 0.401 19.159 0.8 87 603
AN 1 B -0.401 19.159 0.8 87.5 603
vt 1 c -0.401 20.763 0.8 87 603
4\ 2 A 0.401 19.961 0.8 86.9 603
5%l 2 B 0.401 21.565 0.8 34.9 603
611 2 C -040G1 21.565 0.8 85.7 603
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Study: MA-US-18&2 Yesler to Union Sub Ampacity Study, June 2011
Execution: WE&U-3B-14"HP w/0-18'd,0'h 2500kcmilCu-2@603A@87.5h

Date: 6/6/2011

S Description |

General cable information
EA ] Cable type no

{Number of cores

Voltage kV L5
Conductor arca inch? 1.9631
Maximuom Steady-State Conductor Temperature °C 90
v6i {Maximum Emergency Conductor Temperature °C 11¢
Construction
Conductor
Material copper
Resistivity @20°C uQd.cm 1.7241
Temperature coefficient K 0.00393
Reciprocal of temmperature coefficient of resistance (BETA) °C 234.5
Volumetric specific heat {SH) HKan® 3.45
Construction 4 segments
Is cable dried? No
ks (Skin cffeet coofficient) (.44
kp (Proximity effect coefficient) .37
Diameter incl 1.77
Conductor shield
“{1s laycr present? Yes
18+ Thickness inch 0.05
24197 Diameter inch 1.87
Insulation
: 715 layer present? Yes
Materizl XLPE {unfitled)
Thermal resistivity K.nv/w 35
Diciectric loss factor - (tan 8 ) 0.001
& |Relative permittivity (& ) 2.5
51| Thickness inch 0.8
‘28 |Dinmeter inch 347
Insulation screen
275 Ts layer present? Yes
Material semi-conducting
7 [Thickness inch 0.05
.- [Diameter inch 357




Sheath

317 :J1s layer present? Yes
:;{1s around cach core? (Only for Three core cable) No
:{Material copper
Resistivity @20°C ud.cm 17241
Temperature cocfficient YK 0.00393
Reciprocal of temperatire coefficient of resistance (BETA) °C 2345
Volumetric specific heat (SH) WK’ 3.45
Cormugated construction Corrugated
Thickness of the corrugated sheath inch 0.03
inner radius of the cormugated sheath mech 1.91
Outer radius of the corrugated sheath inch 2.035
Thickness inch 0.25
3 i [Diameter inch 4.07
Jacket
SIAA s Tayer prosent? Yes
Materia polyethylene
Thermal resistivity K.nviw 33
Thickness inch 0.155
i { Diameter inch 438
Overall cable diameter
: _IDiamcter inch 4.38

S 7

SPECIFIC INSTALLATION DATA

Bonding
| 1-CON, sheaths single point bonded, triang. configuration Yes
Loss factor constant
i ILoss factor constant a3
Puct construction
232 1IPVC duct in concrete or buried Yes
Resistivity (RH) 6
Cables touching
l lSinglc conductor cables NOT touching Yes

I S IS NN N B B A

Temperature calculations

H Cable type no | 1 | 1 1 1
2 Circuit no | I i 2 2 2
3 Phasc A B C A B C
4 g, Conductor temperature °C 87 875 87 86.9 84.9 857
5 & Sheath/Shield temperature °C 83.8 343 83.8 83.7 81.7 82.6
6 9 Armour/Pipe or Jacket temperature °C 83.4 830 83.4 833 81.3 822
7 0, Exterior duct temperature °C 4 4 4.1 4.1 4.2 4.2
8 a, Ambient temperature °C 36.4 6.4 364 164 36.4 36.4




Cable type no: 1

Cable type: EXTRUDED

Cable ID: 115C2.5MX5

Cable title: 115KV 2500 KCMIL CU XLPE B0OmIl Southwire

Conductor. copper. 4 segments
D=1.77 inch

Conductor shighd

Th=0.05, D=1.87 inch
insulation, XLPE [unfilled}
Th=0.8, D=3.47 inch

insu. sereen, semi-conducting
Th=8.05, D=3.57 inch
Conrugated sheath, copper
Th=8.25, D=4.07 inch

Jdacket, polysthylene
Th=0.193, D=4.30 inch

+ Qverall cable diameter=4.38 inch

Voltang= 115.6 k¥ Cond. area= 1,9631 inch2 (2500 KCMIL)

Conductor, copper
Cable not drigd. Skin=Program selects
— Eonductor shield

Insulation, XLPE (unfilled)
TANDELTA=0.001, EPSILN=2.5
Insu. scteen, semi-conducling

Corrugated sheath, copper
Th. corrug.=0.03, |pner radius=1.91, Outer radiug=2.035 inch
Jacket. pelyethylene

Hax. Steady-State Cond. Temp =90 deg.




gms Summary GJME
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Study: MA-US-1832 Yesler to Union Sub Ampacity Study, June 2011

Execution: WELU-3C-14"HPwith insl-18'd,0'h 2500kemilCu-2@603A@66.2h

Date: 6/10/2011

Frequency: 6( Hz
Conductor Resistances; [EC-228

Fraction of conductor current returning
through sheath for single phase cables: i

Instaltation Type: Multiple Duct Banks Backfills

Parameter .. Unit . Value
Ambicnt Soil Temperatuze at Installation Depth °C 36.4
Thermal Resistivity of Native Soil *Cmv/W 1
Layers Dimensions [ft] Thermal
e : Type Resistivity.
No.| Name X Center Y Center Width Height. P . . [°C.m/W]
1 DB 4X2 3] 20.032 1.454 4063 Standard ductbank 0.6
2 Backfill 0 8.982 2.001 17.99¢ Backfill 075
3 Backfill -4 14.013 0.33¢ 16.024 Backfili 8.333
4 Backfilt 1.172 14.013 0.331 16.024 Backfill 8.333
Heat Seurce Type Femperature
Heat Source Temperature °C 185
Heat Source X Center ft 0
Heat Source Y Center @t 3
Heat Source Diameter inch 14
Heat Source Insulation Diameter inch 26
Heat Source Insulation Thermat Resistivity °Can/W 78.084

PR s T M

Summary Results .

Solution converged . ) ) L
table\Cable L Location Load Factor | Temperature Ampacity
Circuit Phase

type no X[ft] YIft] ip.u.l [°C] [AT
141 1 A 0.401 19.159 0.8 65.7 603
27 1 B -6.401 19.159 08 65.3 603
3\t 1 C -0.401 20.763 0.8 66.1 603
4\l 2 A 0.401 19.961 0.4 66.2 603
5\ 2 B 0.401 21.565 0.3 G644 603
641 2 C -0.4014 21.565 08 64.7 603
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wrennnown oo Ga@Rl@S TNput data

Study: MA-US-182 Yesler to Union Sub Ampacity Study, June 2011
Execution; WRU-3C-14"HPwith insl-18'd,0'h 2500kemilCu-2@603A@66.2h
Date: 6/10/2011

m BERE Description - ... m_

General cable information

¢|Cable type no 1

Number of cores 1
Voltage kV 115

Conductor arca inch? 1.9631

§: IMaximum Steady-State Conductor Temperature oG 90

7167 {Maximum Emergency Conductor Temperature °C o
Construction
Conductor
Material copper
Resistivity @20°C ufd.em 1.724}
Temperature coefficient K (¢.00393
Reeiprocal of temperature cocfficiont of resistance (BETA) °C 234.5
Volumetric specilic heat (SH) Km® 3.45
Canstruction 4 segments
Is cable dried? No
ks (Skin cffect coefficient) 0.44
kp (Proximity cffect cocfficient) 0.37
sHDiameter inch 1.77
Is layer present? Yes
Thickness inch 0.05
Diameter inch .87
Is Jayer present? Yes
Material XLPE (unfiiled)
2:iF Thermal resistivity K.n/w 35
3% IDiclectric loss factor - ( 1an §) 0.001
§ £ IRclative permittivity (£ ) 2.5
Thickness inch 0.8
267 [Diameter inch 3.47

Insulation screen

#1275 s nyer present? Yes

Material scrni-conducting

Thickness inch 0.05

- |[Diameter inch 3.57




Sheath

i{Ts layer present?

Yes
2:%]1s around cach core? (Only for Three core cable) No
3 {Material copper
Resistivity @20°C ufdem 1.7241
Temperature cocfhicicnt 158 0.00393
Reciprocal of temperature coefficient of resistance (BETA) °C 2345
Volumetric specific heat (SH) JK.m® 3.45
Corrugated construction Corrugated
Thickness of the cormugated sheath inch 0.03
Inner radiug of the corrugated sheath inch 1.91
Quter radius of the corrugated sheath inch 2.033
Thickness inch (.25
“437 IDiameter inch 4.07
Jacket
2 Ms layer present? Yes
Matcrial polycthylene
Thermal resistivity K.an/w 3.5
Thickness inch G.155
“jDiameter inch 4.38
Overaﬂ cable diameter
i Diameter [ inch 4.38

I I S S

SPECIFIC INSTALLATION DATA
Bonding

i-CON, sheaths single point bonded, triang. configuration | | Yes l

Loss factor constant

Loss factor constant | | 0.3 |

Duct construction

ZIPVC duct in conerete or buricd Yes
4 [Resistivity {R¥) 6
Cables touching

E

I I S S NS N N I

Temperature calculations

:{fESinglc conductor cables NOT touching f , Yes I

1 Cable type no § i 1 1 1 1
2 Cireuit no 1 1 i 2 2 2
3 Phase A B C A B (o
4 0, Conductor temperature °C 65.7 65.3 66.1 66.2 64.4 64.7
5 0; Sheath/Shield temperature °C 62.7 62.3 63 63.2 61.4 61,7
6 6; Amour/Pipe ar Jacket temperature °C 62.3 61.9 62.7 62.8 61 61.3
7 0, Txterior duct temperature °C 4.5 4.5 4.6 4.6 4.4 4.5
8 0, Ambient temperature °C 364 364 6.4 36.4 364 364




Cable type no: 1

Cable type:
Cabie ID;:
Cable title:

EXTRUDED

115C2.5MX5
115KV 2500 KCMIL CU XLPE BGOmil Scuthwire

Condustsi. coppe:. 4 segments
D=1.77 inch

Conduator shigld

Th=0.05, D=1.87 inch
Insulation, XLPE {unfilled)
Th=0.8, D=3.47 inch

Insu. sereen, semi-conducting
Th=0.05, D=3.57 inch
Corrugated sheath, copper
Th=0.25, D=4.87 inch

Jacket. polyethylens

TFh=0.1%%, D=4.30 inch
+ Gverall pable dismeter=4.38 inch

Conductar, copper
Cable nat diied. Skin=Program selects
—— Conductar shield

Insulation, XLPE [unfilled)
TANDELTA=0.001, EPSILN=2.5
Insn. sereen, semi-conducting

Conugated sheath, coppe:
Th. corug.=0.93. Inner radius=1.91, Quter radiue=2.035 inch
Jacket. polyathylene

Hax. Steady-State Cond, Temp. =30 deg.

¥oltage= 115.8 k¥ Cond. atea~ 1.9631 inch2 {2500 KCHIL} Max. Transient Cond. Temp.=110 deg.




g_gms Summary ng

wrenmammine e RESUHLS I 4
Study: MA-US-1&2 Yesler to Union Sub Ampacity Study, June 2011

Execution: W&U-3D-14"HP w/o-18'd,7'h 2500kemilCu-2@603A@88.5h

Date: 6/10/2011

Frequency: 60 Hz
Conductor Resistances: 1EC-228
Fraction of conductor current returning

through sheath for single phase cables: 1
Installation Type: Multiple Duct Banks Backfitlis
Parameter Unit Value
Ambient Soil Temperature at Instatation Depth °C 36.4
Thermal Resistivity of Native Seil °C.m/W 1
Layers Dimensions [ft] Thermal
Type Resistivity
No.| Name | X Center Y Center Width Height . ' ] ) [*C.m/ Wi’
1 DB 4X2 0 20032 1.854 4.063 Standard ductbank 0.6
2 Backfill V] 3.982 2.001 17.999 Backfill 0.75
3 Backfill -7 14,013 0.328 16.024 Backfiit 8.333
4 Backfill 1.37 14,013 0,328 16,024 Backfill 8.333
Heat Source Type Temperatire
Heat Source Temperature *C 185
Heat Source X Center i} -8.43
Heat Source Y Center ft 6
Heat Source Diameter inch 14
Heat Source Insulation Diameter inch 26
Heat Source Insulation Thermal Resistivity °C.m/W 78.084

T

Summary Results

Solution converged

Cable\Cable . Location Load Factor | Temperature Ampacity
Circuit Phase
type no X[ft] Y[t} [p.u.] [*C] [A]
141 i A 0.401 t9.1539 0.8 88 603
271 1 B -0.401 19.159 0.8 885 603
3 1 C -0.401 20.763 0.8 882 603
441 2 A 0.401 18961 0.8 #8.1 603
5vl 2 B 0.401 21.565 08 835.2 603
[ 2 C -0.401 21.563 0.8 86.2 643




CYymE

weanmonnven Cabl@s input data

Study: MA-US-1&2 Yesler to Union Sub Ampacity Study, June 2011
Execution: WEAU-3D-14"HBP w/0o-18'd,7'h 2500kcmilCu-2@603A®88.5h
Date: 6/10/201t

I T T

General cable information
122 HCable type no 1

Nuraber of cores 1
Voltage kV 115
Conductor area inch® 1.9631
= iMaximum Steady-State Conductor Temperature °C 90
; Maximum Emergency Conductor Temnperature *C ilg
Construction :

Conductor

Matcrial copper
Resistivity @20°C ufd.cm 1.7241
Temperature coefficient 17K 0.00393
Reciprocal of temperature coefficient of resistance {BETA) °C 234.5
Volumetric specific heat (SH) IK.m? 3.45

Construction 4 scgments

I3 cable dricd? No

ks (Skin offcct coefficient} 0.44

kp (Proxinsity effect cocfficicnt) 0.37

; ‘iDiameter inch .77
Conductor shield
Is fayer present? Yes
Thickness inch 0.05
i IDiameter inch 1.87
Insulation
207 }is tayer present? Yes
Matcriai XLPE (unfilled)
o} Thermal resistivity K.m/w 35
Diclectric loss factor - { tan § ) $.001
% [Relative permittivity (& ) 25
Thickness inch 0.8
S [Diameter inch 3.47

Insulation screen

1t Hs layer present? Yes
Matcria semi-conducting
Thickncss nch 0.05

0 [Diameter inch 3.57




Sheath

#1314 Hs Tayer present? Yes
132 [1s around cach core? {Only for Three core cable) No
Matcrial copper
Resistivity @20°C uflom 17241
Temperature cocfficient /K 0.00393
Reciprocal of temperature coefficient of resistance (BETA) °C 234.5
Volumetric specific heat (SH) HEm® 3.45
Corrugated construction Caorrugated
Thickness of the corrugated sheath ingh 0.03
Inner radius of the corrugated sheath inch 191
Quter radivs of the corrugated sheath inch 2.035
Thickness inch 0.25
43 - | Diameter inch 4.07
Jacket
] Is layer present? Yes
Material polycthylene
Thermal resistivity K.an/w 3.5
Thickness inch 0.155
18| Diametor inch 4.38
Overall cable diameter
i |Diamctcr ; inch I 438 J

I S S

SPECIFIC INSTALLATION DATA
Bonding

EI~CON, sheaths single point bonded, triang. configuration | | Yes I

Loss factor constant

lLoss factor constant | [ 0.3 I

Duct construction

PVC duct in conerete or buried Yes
i Resistivity (RH) 6
Cables touching

iSinglc conductor cables NOT touching l | Yes l

I ) S N A N B A I

Temperature calculations

1 Cable type no | 1 1 I 1 |
2 Circuit 5o t 1 1 2 2 2
3 Phasc A B C A B C
4 o, Conductor temperature *C 88 88.5 88.2 88.1 852 86.2
5 & Sheath/Shicld temperature *C 84.8 852 849 84.8 82 33
[ 6 Armour/Pipe or Jacket temperature °C 84.4 84.8 84.5 844 8L.6 826
7 D, Exterior duct temperature °C 4.8 4.7 4.8 4.8 4.6 4.7
8 8, Ambient temperature *C 364 364 364 36.4 364 36.4




Cable type no: 1

Cable type: EXTRUDED

Cable 1D: 115C2.5MX5

Cable title: 115KV 2500 KCMEIL CU XLPE 800mil Southwire

Conduetos. copper. 4 segments
D=1.77 inch

Conductos shield

Th=0.05. D=1.87 inch
insulatinn, XLPE {unfilled)
Th=0.8, D=3.47 inch

insy. screen, semi-conducting
Th=8.05, D=3.57 inch
Lorugated sheath, copper
Th=0.25, B=4.87 inch

Jaskst, polvethylene
Th=0.19%5, D=4.3% inch

fverall eable diametas=4.38 inch

Voltage= 115.0 kY Cond. area-1.9631 inch2 [2508 KCMIL

Conductor, copper
Cable not deied. Skin=Program selects
Conducter shietd

Insutation, XLPE funfilled}
TANDELTA=0.001, EPSILN=25
Insu. screen, semi-conducting

Conugated sheath, coppe:
Th,_couua.=0.03, Inner radius=1.91, Duter radius=2,835 inch
Jacket. polyethylene

Hayw. Steady-State Cond. Temp.=90 dag.
¥oltage= 115.0 kY Cond. area= 1.9631 inch2 (2500 KCMIL) Haz. Trantient Cond. Temp =110 deg.




ng Summary ng

INTEANATIONAL T 68 Res u Its

Study: MA-US-1&2 Yesler to Union Sub Ampacity Study, June 2011
Execution: WE&U-4A-14"HP w/insl-18'd,0'h 2500kcmilCu-2@603A@70.8h
Date: 6/6/2011

Frequency: 60 Hz
Conductor Resistances: I[EC-228

Fraction of conductor current returning

through sheath for single phase cables: 1
Installation Type: Multiple Duct Banks Backfiils
Parameter : oo Unit Value
Armnbient Soil Temperature at Instatlation Depth °C 36.4
‘Thermal Resistivity of Native Soil *Can/W 1
tayers | .. . Dimensions [ft] R DU L Thermal
: C Type . Resistivity
No.; Name | X Center | Y Center Width Helght BT o [eC.m/Wi:
1 DR 4X2 0 20,032 1.854 4,063 Standard ductbank 0.6
2 Backfill 0 8.982 2.001 17.999 Backfill 0.75
3 DB 3X4 13 4.613 2.857 2.226 Standard ductbank 0.6
4 DB 6X2 35 5.792 1417 3.583 Standard ductbank 0.6
Heat Source Type Temperature
Heat Souree Temperature °C 185
Heat Source X Center ft o
Heat Source Y Center ft [
Heat Source Diameter inch 14
Heat Source insulation Diameter inch 26
Heat Source Insulation Thermal Resistivity *Cam/W 78.084

it 300




Summary Resuits

Solution converged

Ampacity

Cable\Cable Circuit Phase Location Load Factor | Temperature

type no X[ft] Y[ft] [p.u.] [eCl [A]
1 1 A 0.401 19.159 0.3 699 603
AN 1 B -0.401 19.159 0.8 70.1 603
kAN 1 C -0.401 19.961 0.8 70.5 603
471 2 A -0.401 21,565 0.8 69.8 603
AR 2 B 0.401 21.565 0.8 70.3 603
6\ 2 C 0.401 20,763 0.3 6.8 603
7\2 3 A 11975 4.026 0.8 83.3 423
812 3 B 12,133 4,026 0.3 85.6 423
942 3 C 12.054 3.891 0.8 88.3 423
1612 4 A 12.605 4.426 0.3 91.4 423
1142 4 B 12,762 4.026 0.8 915 423
1212 4 C 12.684 3.89% 0.8 90,8 423
13132 5 A 13.238 4.026 .8 89.9 423
1442 5 B 13.392 4.026 .8 83.8 423
1542 5 C 13.317 3.891 0.8 88,7 423
16142 6 A 13.868 4.659 0.8 86.3 423
1742 & B 14.026 4.659 0.8 832 423
1842 [ C 13,947 4.324 0.8 86.1 423
1942 7 A 11.973 5.289 0.8 874 423
2002 7 B 12,133 5.289 0.8 87.8 423
2IN2 7 C 12.054 5.154 0.3 88.1 423
22173 8 ABC 3.229 4.51 0.8 86.5 200




cum
"gwa Cables input data

Study; MA-US-1&2 Yesler to Union Sub Ampacity Study, June 2041
Execution: WU -4A-14"HP w/insl-18'd,0'h 2500kemilCu-2@603A@ 70.8h

Date: 6/6/2011

o] o — | T

Genaral cable information

SR | Cable type na 1 2 3
[ [Mumbee of cores. [} 1 1
Voltage k¥ 15 1.8 138
2 [ Conthuctar arga inch® 1.9631 0.7834 0.1318
M Steady-Srate Conductar Temp oL 00 105 B0
TUE Ivai B Canductor Tomp b 1o 130 o
Construction
Lonductor
: {Material copper copper copper
Resistivity G20°C wlom 1.7241 17241 L7240
Siin] Temperature coeMicient 1K 0.060393 0.00391 0.00323
2407:] Reciprocal of of (BETA) o 2145 245 2345
2 Veolwinetric specific heat (SH) ' 145 3.45 345
Construction 4 segments comprested compressed
1§15 cable dried? No Wo Wo
i fks (Skin effeet coeflicient) 044 | 1
§ tkp (Proximity effect cocfficicne) 027 1 1
SEG T {Diamcter inch 17 1.7 0,456
Condugtor shield
fes] § s layer present? Yoz Yes Yos
Thickness inch 0.05 002 0012
X Diameter inch 187 1157 0.498
Insulation
07 Hs layer present? Yos Yes Yes
Materiat XLPE (unhilted) EPR XLPE {unfitled)
“Thennal resistivity K.mfw 15 5 3.5
Diclcctne 1oes factor « {tan § } 4.001 0.02 0004
Relative pemintivity (£ ) 5 3 2.5
; Thickness inch 08 0.175 9.475
207 [Dismcter inch 3.47 1.507
Insuintion screen
" s Jayer present? Yes Yes Yes
Materiat d s
ickness inch 0.05 0.042 0.06
Dismaeter inch 57 1.591
Sheath
5 [1s dayer present? You No Yes
< arouned each core’? (Only for Thice core cable) No Yes
Materiat copper opper
Resistivity @R0°C WEL.ot 17241 1724
Temperature coclticient 1158 000353 0.00392
Recipraca] of ient of (BETA) °C 2345 2345
Yolumetric specific heal {SH) I’ 345 345
Corrugated construction Cormugated Non-comugated
Thickness of the comugated sheath inch 003
Tuner ralius of the comugated sheath inch 1.91
) Quter radius of the comugated sheath inch 2,035
i 420 | Thiekness inch 0.25 0.005
<43 [Diameter inch a7 Yes




Concantric nowiral/Skid wircs

44, {18 Tayer prasent? No copper No
457 Jls arcund erch cere? {Only for Three core cable) 17241
Materiat 0.00393
AT Resistivity @R0°C wLan 2345
:43::} Temporature cocificicat VK 145
Ay Reciproeal of tonpetature coefliciont of resistance (BETA)Y C
o500 F Volumetrie specifie heat (SH) Jm? 23
L+ S 4. [Length of lay meh Unknown
527 PNuiber af wires 4.045
S§37 [\Wire gauge 1681
547 { Thickness inh
557 fDiometer nch Yeg Yes Yei
Jacket
Is tayer present? L5 A5 3.5
ateciab 0.155 0095 0.10%
SR Thenma! cesistivity Komdw 4348 1.871 227851
i Thickness inch
2160 : iDimmeter inch 4.38 1.871 2279851
Qverall cable diameter
[t Joiameter inch [ ossa
Qther useful dimensfions for three core cable
I. L62 'Di'.mncc‘uclwccn conductor ¢eniee and ¢able center inch |
|83 JAxinl spacing betseen comtuctors of the some cireuit inch |

o RN N R

SPECIFEC INSTALLATION DATA
Bonding

1-COWN, sheaths single point bonded, 1riang, conliguration

{-COM, sheatss bonded ends, triangular configuration

H{3-CON, sheal/screen around each ¢ore 1wo point bonded

Loss factor constant

i l[.nu factor constant

0.1

0.3

Duct construction

£ |PVC ductin concrete or buricd

Ashestos duct in concrete or buried

Ve

Resistivity (RII)

Catrles touching

Single conductor cables NOT touching

:[Singic contuctor cables touchiog

o | symea pascrition TN NN N N N N N I N R

Temperature calculations

1 Cable type no | 1 i i i i 2 2 2 2
1 Circuit ne | 1 1 2 2 2 3 3 3 4
3 Phase A B3 [ A B C A B3 C A
q B Combuctor femperature °C 69.9 7001 70.5 9.8 7.3 70.8 88.3 30.6 88.1 gL4 1.5
3 0, SheallyShicld temperature *C 66,9 67 625 668 67,2 67.7 5.6 &7 837 BRT 829
3 0, Arnour/Pipe or Jacket tanperature o 4.4 66,6 67 6.3 6.8 673 83 861 85 881 88.2
7 0, Hxtcrior duct tempecature °C 39 9 4 42 42 4.1 116 11.6 114 ILT 17
8 B, Ambicnl temperature K 164 36.4 36.4 364 364 364 364 164 369 36.4 36.4
[ Mo f symbot} _ bescripton _______p umt | a1z} a3 |4 f s f e boar b e boas 20 f o2 | 22
Temperatura calcutatlons . L.
I Cabic type oo 2 2 2 2 2 2 2 2 2 2 3
A Cireuil no 4 5 s 5 3 [ 6 g 7 I 3
3 Plasc C A B C A 1] [ A )il ADC
4 0, Comductor enmperatue °C 0.8 99 33.2 33.7 863 35.2 6.1 874 378 43.1 86.5
5 q, SheattShichd (emperturs °C B! 373 36.2 3 336 2.6 B34 2% 335.2 855 #1.9
[ 0, Anmour/Pipe or Jacket temperature ¢ 815 6.6 356 854 81 319 518 ¥4.2 246 219 79.7]
7 0, Exterior duct \emperature °C 17 .5 1.8 LS 1.7 % 17 12.1 12.3 12,3 13.1
3 0, |Awbiem remperature oC 164 64 364 364 3640 364 364 364 364 364 6.4




Cable type ne: 1

Cable type: EXTRUDED

Cablea ED: 115C2.5MX5

Cahle title: 115KV 2500 KCMIL CU XLPE BOCmil Southwire

Comlurdar, copper, 4 sugmunts
0=1.27 inch

Canducior shin'd

Thal.05. D=1.87 inch
Insylatian, KLPE {unfilled}
Tha=i.8, D=3.47 inch

Insy. sereen, semi-conducting
Thai}.05, D#1,57 inth
Earugeted sheath, coppet
Th=0.25, D=4.07 inck

Jaehel, polyelhylene
Th=0.155, B=4.38 inch

+ Byeial opble dismator=4.38 inch

Holtage= 11%.0 kv LCond. stes=1,9531 inch2 (2500 KCHIL)

Conducloz. cappen
Cablo not died, Skin-Fiogram selects
Conduclor shisld

Insutation. KLPE {unfilied}
TANDELTA=0.001, EPSILH2.5
Intu. screen, semi-conducting

Conugated shealh, copper
Th.£9uu0.20.03, Janer tadive=1.91, Bulei tadiuz=2.§35 inch
Jackel. polyelhylena




Cable type ho: 2

Cable type: OTHER

Cable ID: Q15CL.OME3

Cabla title: 15%V 1G00KCMIL Cu 175 MIL EPR 1/C SCL Alaskan Way 623670

LCondeelur, copper. cunpiessed
D=1.§17 inch

Tonthester shisld

Tie=[. 02, D=t 157 inch

inaulation, FPA

Thall 175, D=1.507 inch
insu_scieen, semi-canducting
Th=0. 042, D=1.581 inch
Canseniis yrilss, capper
Th=0,049, D=1.681 inch Shaps=23
Jaukst. palyethylsna

4§ Th=0.08%, D=1.071 inch

i + (yerall coble diameler=1.871 inch

Conduclor, coppel
Cable nat dried. Skin<Peogram sefects
Canductos shield

Insulation, EPR
TANDELTA=0.02, ESGHM-3.0
Insu. tereen, temi-canducting

Cancentiic wies, copper
St2508 lenath=0.001, Longth of la=18.0 inch
Jackal. polyathylene

Max_ Steady-Stale Cond. Temn, »105 deg.
Vollage= 130 k¥ Eond, deea= 0.7854 inch2 11080 KEMILY Max, Trap cmp. =130 deg.




Cable type noi 3

Cable type: EXTRUDED

Cable ID: QLSC3/0 X

Cahta title: 15kV 3/0 Cu 175 MIL XLPE 3/C SCL Alaska Way 613526

Lombucly. cupper, compressed
D=0 456 inch

Conductor shisld

Th=0.012. 0=1.48 inch

Th=0.175 inch
inau, sereen, semi-conducting
Thalk 06 ingh
§heath, copper
Th=0.005 inch
Jacket, polyelhylons
i Th=0.105, D=2.2706%1 inch
« Gypiall cable dismelpt=2. 27851 inch
+ 1af) 85426, Rt 96 inch

Conductor, copper
Cabia not diied. Gkin=Pregram solocts
Conducior shiald

—+_ [nsulation, XLPE funlilied)
JANDELTA=D.004, EPSIEH.2.5
Insu. screen, semé-canducting

Sheath, copper

Jackel. pulpethplene

ady.Slate Cond, Temp. =90 deq.

H
Voltage= 13,8 k¥ Cond, area= 0.1318 inch2 {168 KCMIL) Mo Tranaient Cond. Temp «180 dea.




E‘j FRe Summary
INTLCANATIGNAL TR O Resu Its

Study: MA-US-1&2 Yesler to Union Sub Ampacity Study, June 2011
Execution: WE&U-4C-14"HP w/insl-18'd,0'h 2500kemilCu-2@603A@74.9h
Date: 6/10/2011

Freguency: 60 Hz

Conductor Resistances: 1EC-228

Fraction of conductor current returning
through sheath for single phase cables: 1

Installation Type: Multiple Duct Banks Backfills

Parameter Unit Value .
Ambient Sail Temperature at Installation Depth °C 364
Thermal Resistivity of Native Soil *CanfW 1
Layers Dimensions [ft] Thermatl
Type Resistivity
No.| MName X Center Y Center Width Height . C[eC.m/WT
1 DB 4X2 0 20,032 1.854 4,063 Standard ductbank (.0
2 Backfill 0 8982 2,001 17.999 Backfill 0.75
3 DB 3X4 i3 4.613 2.857 2,226 Standard ductbank 0.6
4 DB 6X2 35 5,792 1417 3.583 Standard ductbank 0.6
5 Backfil} -1172 14.013 0331 16.024 Backfill 8.333
6 Backfil} 1172 14.013 G.331 16.024 Backfill 8.333
Heat Source Type Temperature
Heat Source Temperature °C 185
[Heat Source X Center ft 0
Heat Source Y Center ft 6
Heat Source Diameter inch 14
Heat Source Insulation Diameter inch 26
Heat Source Insulation Thermal Resistivity ComW 78.084

(A e b e




Summary Results . . S

Solution converged

Cable\Cable L L.ocation Load Factor | Temperature Ampacity
Circuit Phase

type no X[ft3 Y[ft] Ip.u.] [°C] [A]
v 1 A 0.4G1 19,159 0.8 4.5 603
241 1 B -0.401 19.15% 0.8 4.7 603
30 1 C -0.401 19.961 0.8 75.1 603
441 2 A -0.401 21.565 08 2.6 603
511 2 B 0.401 21.565 0.8 731 633
Gyl 2 C 0.401 20,763 0.8 74.9 603
Tv2 3 A 11,975 4026 0.8 88.3 423
812 3 B 12,133 4026 0.8 89.7 423
912 3 C 12.054 3.891 0.8 884 423
1042 4 A 12.605 4.026 0.8 915 423
L1hz2 4 B 12,762 4.026 0.8 91.6 423
1242 4 C 12.684 3.891 0.8 909 423
13v2 5 A 13.238 4.026 0.3 90 423
1442 5 B 13.392 4.026 0.8 83.9 423
1542 5 C 13317 3.891 0.8 88.7 423
1642 6 A 13.868 4.659 0.8 86,3 423
1732 6 B 14.026 4,659 0.8 853 423
1842 6 C 13.947 4.524 0.8 86.1 423
1972 7 A 11.975 5.289 0.8 87.5 423
2042 7 B 12,133 53289 0.8 87.9 423
2182 7 C 12.054 5.154 0.8 88.3 423
2203 8 ABC 3.229 4.51 0.8 86.7 200




cym

s 1 Cable@s input data

Study:
Execution:

Date: 6/10/2013%

m L e Destrlption” s

General cable Informatlon

MA-US-182 Yesler to Unign Sub Ampacity Study, June 2011
WEU-4C-14"HP w/insl-18'd,0'n 2500kemilCu-2@603A@74.9h

i [Cable type no I 3 1
% Number of cares i i A
o3 [Volage k¥ 15 133 133
Conductor ares inch’ 1.9631 02354 1318
[ Maximum Swady-State Conductor Temperatare °C 20 105 20
2160 | Maximinn Emergency Condueter Temperature *C 110 130 130
Construction
Conductor
 [Material copper eopper copfier
Resistivily G120°C ufd.cm 1.7241 1724 1.7241
Temperature cocflicient HK 0.0393 0.00393 0.00393
procal of temyp coefficient of {BETA) *C 2345 2145 2345
Volumetric specilic heat (SH) kan® 345 345 345
Contruction 4 segements compressed compressed
< s eable dried? No Na No
: ks (Skin effect coclMicient) 044 1 1
152k (Proximity offect coclfieient} 037 13 t
-1 EDianeter inch 137 1017 0.456
Conductor shield
Is layer present? o3 Yes Yoz
i Thickness inch 0.05 0.00 £012
197 {Dimueter inch 1,87 1157 0.48
Insulation
Is layer present? Yes Yex Yes
Malerial XLPE {unfilled) EFR XLPE (unfitled}
“Thermal resistivity Kanfw 15 5 15
Dicteatric toss factor - {tan §) 0.001 0.02 0.004
{Relative penmittivity (& ) 2.5 3 25
{Thickness mch 08 0475 0.175
=20 | (ameter inch 347 1.507
Insulation screen
Is bayer present? Yes Yes Yes
17 [Matedat sel i i d
2 | Thickness imch 0.05 0042 0.06
i [Dizmeter inch 3.57 1.5¢1
Sheath
SR [is layer presem? Yei o Yes
- [ s around each coce? (Only for Three core cable) No Yes
: wdaterial copper copper
Resiativity 220°C wihom 17241 17241
Temperature coeflicient UK 000393 0.00393
Reei | of gicnt of BETAY M 2345 2345
Vulumetric specific heat {SE1) Ity 345 345
;| Corrugated construction Corrugared Van-cormugated
Thickness of the comugated sheath inch .63
fnner radivs of the cerugated sheath inch (&1
=S¥ Outer cadius of the comugated sheath inch 2005
2427 [ Thickness inch 0.25 0.005
=43 |Dimneter inch 407 Yos




Concentric neutral/ Skid wires

1= 445718 Inyer present? No capper No
ts around each core? {Only for Three core cable) 1.7241
Material 4.00303
4T Resistivity @20°C wllan 3345
LS| Temperawee cocfficiont K 3as
49 R I of i of (BETA) °C
w805 | Volumerc specilte heat {S11) JiKn* 23
5150 |Length of Tay inch Unknown
72 8277 |Number of wires 0.045
Wire gauge 168}
Thickaess inch
inch Yes Yes Yes
> |ts tayer presenc? 15 1.5 35
Material 0155 0095 0.105
Therutal resistivity Konhy 438 1871 227831
=i [ Thickaess inch
60 [ Dimnetes inch 438 1.871 227851
Overnll cable diameter
I' it : ]!’Ji:mc!cr E inch i 0.55426 I
Qther useful dimensions for three coro cable
l‘;_ﬁ  [Distance between conductor cantar and cable senrer E inch i I
I HeED |.-\ml spacing batween conductors of the same cizeuil | inch i i

BRescription/Value

SPECIFIC INSTALLATION DATA
Bending

1] 1I-CON, sheaths singte pofnt bonded, triang, configuration

T|1-CON, shenths bonded ends, irianguiar configuration

13-CON, sheatlvsercen around cach core twe point bonded

Loss factor constamt

Jicoss factor constant

0.3

Duct construction

SE|PVE dductin conertie or buried

Asbestos duct in concrete or buried

Resistivity (RID

6

6

Cables touching

[5 %

|Siugic <onductof cables NOT tauching

. |Single conductor eables touching

Yes

| o | sumbal pesciton IEN I B BN N R R B BN N N

Temperatura calculations

1 Cable ype o [ ' 1 1 [ [ 2 2 2 2
2 Circuit no 1 ¥ 1 2 2 2 3 3 3 +4
3 Phase A B [ A B C A n < A
] . Conductor femperiture °C ™5 747 5.1 726 331 4.9 883 #9.7 834 915 916
5 0, I *C K e 2 60.5 0 718 857 g7 85.7 888 88.9
3 0, Anmeur/Pipe or Jacket temperature °C 0.9 7.2 7.8 491 604 T4 a3 864 85.1 882 823
7 0, Lxeerior dugt [emperaturg °C 4.7 1.8 4.8 47 4.7 4.8 EG 1.6 11.6 11.7 1nz
8 LA Amblent temperanure °C 364 364 364 364 364 364 X o4 6.4 6.4 164
| Mo} Symbol | Descrlption ] une D1z 23 a4 das s Loz e ] oae o0 o1 ] 22
‘femperature calculations
] Cable type no 2 2 2 z 2 2 2 2 2 2 3
2 Circuit o 4 5 5 i 1 & T 1 7 8
3 Phase [8 A [0 [4 A B [3 A B ABC
4 B Conductor temperatine T 909 an 2.9 88.7 863 85.3 a6.1 /75 879 883 86.7)
5 0, SheatyShicld temperature °C §8.2 1.3 6.3 86.1 837 226 23.5 8.9 831 85.6! 82.1
6 0, Armour/Pips or Jacket lemperatare o £2.6 86.7 356 854 83 82 328 8.3 846 85 79.9!
7 0, Lixtarior duct 1emperatyre *C 11.7 1L5 HA 1.5 1.7 11T 1.7 123 123 12.3 13.2;
3 &, Awmbicnt lemperatiee o 3644 364 64 36Ad 364 64 364 6.4 364 5.4 16.4




Cable type no: 1

Cable type: EXTRUDED

Cable 1D; 115G2.5MX5

Cable title: 115KV 2500 KCMIL CU XLPE 800mil Southwire

Cudipisten. cepper. 4 sspments
D=1.77 inch

Conduelor shinkd

Thn0.05. D=1.87 inch

XLPE (updified)
3,47 inch

oy semi-conducling
Tha0.05, Nw3 57 inch
Conygated sheath, coppe
Th=0.24, D=4.07 inch

dachel, polyelhylena
Th=0.195, (=4,38 inch

+ Gverall ablg thamsh

Conductor. copper
Cable not diied, Ski~Program sclecls
Condugtor shield

nsulation, XLPE {undiled)
TANDELTA<0.001, EPSILN=25

Inwa. screen, semi-conducting

Losugated theath, copper
Thsouue,-0.03. Jonar sadius=1.51. Dater radiug=2.035 inch
Jacket, polyethylens

Hax Stesdy-State Cond, Temp, =80 deg.
Yollage: 115.0 kY £ond. aiege 1.9608 inch2 [2500 KOMILE Maw, Teonsient Cond, Temp <110 deg




Cable type ho: 2

Cable type: QTHER

Cable ID: 015C1.0ME3

Cable title: 15kv 1000KCMIL Cu 175 MIL EPR 1/C SCL Alaskan Way 623670

Curvfustor. coppes. compressed
D=1.1t2 inch

Londustos shish]

Tha0l.02. B=1.157 inch
Ingulgtion, EPR

Tha0.175, Da1.507 inch

Insy. screen, semi-conducting
Thad 042, D=1.591 inch
Langonliic viier, coppes
Th=0.045, D=3.681 inch Sirap1=23
Jagkal, polyethylione

Th=0.095, D=1,871 inck

Dueralt gahls diamefer=1.871 inch

Voltsge=13.0 kY Cond, seeas 0.7054 inch2 11080 KEMIL)

Conducto. copper
Cable not dried, Skix=Froniam sslocts
Conductar shield

Inautation, EPR
TANDELYA«0.02, EPSILN=3.0
nau. screen, semi-conducting

Coneenttic wiret, coppar
Suraps langih=0.081, Luanth of fay=15.0 inch
Jackel. polyelhyleny

Moz, Steady:51 Temp.«105 deg.

Voltage= 13.0 k¥ Cond, area= 0.7054 inch2 {1000 KCMIL) Max, Tn;r;a_iemhcg&ugmn;-13ﬂ deg.




Cable type no: 3

Cable type: EXTRUDED

Cable 1D: Q15C3H0 X

Cable title: 15kV 3/0 Cu 175 MIL XLPE 3/C SCL Alaska Way 613526

Lundugdyy, copper, comprassed
B0 458 inch

Londusior shinid

Th=.012. B=0.48 inch
Inatation, XLPE [unfilied)
Th=B.178 inch

Th=9.06 |nci1

Shaalh. copper

Tha0.005 inch

Jackel. polvethylene

Th=0.105, D=2.27851 inch
flvenall coble diamates=2 27857 inch

* it 55426, R=9 95 inch

¥oltoyg= 1.8 ky_Lond, area= 01310 inch? (158 KCHIL)

Cendustol. cappat
Cable not dried, $kin=Pregram salecls
Condector shield

Intulation, XLPE (unfilled)
TAHBELTA=0.004, EPSHN-25
Intu. 1crcen, semi-condutting

Shealh, copper

= Jacket, polyelhylene

Haw, Steadx State Cond, T Tenp 290 deg.




g_gms Summary Esm

T ERMNATIONAL Tacd Resu[ts N i R, &
Study: MA-US~182 Yesler to Unicn Sub Ampacity Study, June 2011

Execution: WEU-5A-14"HP w/insl-18'd,13'h 2500kemilCu-2@603A@71.2h

Date: 6/6/2011

Frequency: 60 Hz
Conductor Resistances: IEC-228

Fraction of conductor current returning

through sheath for single phase cables: 1
Installation Type: Multiple Duct Banks Backfills
Parameter -Unit . Value
Ambient Soil Terperature at Instaliation Depth °C 6.4
Thermal Resistivity of Native Soi} °C.m/W 1
Layers . Dimensions [ft] . Thermal
- - o Type Resistivity. -
No.| Name | X Center Y Center Width Height oo w . i [°C.m/W]
1 DB 4X2 13 20.032 1.854 4.063 Standard ductbank 0.6
2 Backfili 13 £1.881 1.998 12.228 Backfill 0.75
3 DB 3X4 13 4.613 2.857 2226 Standard ductbank 0.6
4 DB 6X2 3.5 5792 1.417 3.583 Standard ductbank 0.6
Heat Source Type Temperature
Heat Source Temperature °C i85
Heat Source X Center ft ]
Heat Source Y Center it G
Heat Source Diameter inch 14
Heat Source Insulation Diameter inch 26
Heat Source Insulation Thermal Resistivity °C.m/W 78.084
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Summary Resufts .

Solution converged

Cable\Cable . Location Load Factor | Temperature Ampacity
Circuit Phase

type no Xift] Y[ft] [p.u.] [°C] [A]
[ 1 A 13.401 19.159 0.8 70.3 603
241 1 B 12.599 19.159 08 70.9 603
KR! 1 C 12.599 19.961 0.8 713 603
4yl 2 A 12.599 21,565 0.8 0.5 603
5\l 2 B 13.401 21.565 0.8 70.6 603
[3! 2 C 13.401 20.763 0.8 T1.2 603
AY: 3 A 11.975 4.026 0.8 88.3 423
8\2 3 B 12,133 4,026 0.8 89.7 423
912 3 C 12.054 3.891 0.8 88.3 423
1072 4 A 12.6035 4.026 0.8 91.5 423
A2 4 B 12,762 4.026 0.8 91.5 423
1272 4 C 12,684 3.891 08 969 423
1372 5 A 13.238 4.026 0.8 89.9 423
1472 5 B 13.392 4.026 0.8 88.9 423
1572 5 C 13.317 3.891 0.8 88.8 423
1612 6 A 13.868 4.659 0.8 86.4 423
1712 6 8 14.026 4.659 0.8 85.4 423
1812 6 C 13.947 4,524 0.8 86.1 423
1972 7 A 11.975 5.289 0.8 87.2 423
20h:2 7 B 12,133 5.289 0.8 87.6 423
21\2 7 C 12.054 5.154 0.8 87.9 423
22113 8 ABC 3.229 4,51 0.8 86.5 200




L]
,";gmau Cables input data

Study: MA-US-182 Yesler t¢ Union Sub Ampacity Study, June 2011
Execution: WEL-FA-14"HP wfinsl-18'd,13'h 2500kemiiCu-2@603A@71.2h

Date: 6/6/2011

o T AT M N NN

General cable Information

- |Cabte type oo 1 2 a
Number of cores | 1 3
- [Volage kv 1S 138 13.8
Conductor arca inch 19631 0.7354 0.1318
Stead Conductor T o 90 105 90
o5 [ Maximum Emergency Conductor Temperature C Ha 130 110
Construction
Conductor
Material copper copper copper
Resistivity §920°C ulem 17241 1.7243 1.7241
Temperawre vocficient WK 0.9 0.00393 0.00351
Recip t of temp coeflicient of resistance (BETA) oL FALE 2345 234.5
Valumetric speeific heat (SH} g 343 345 45
Construction 4 segments compressed compressed
3§14 cable dricd? No No No
ks (Skin effect coctlteicnt) 044 1 1
kp {Proximity ¢ffeet cocflicient) 0.37 | 1
16V fDiameter Hich 1.77 1317 0.456
Conductor shield
:Fis layer prosem? Yes Yes Yos
Thickaess imch 0.05 0.02 0012
: Diameter inch 187 1157 0.48
Insulation
33 | b Tayer prosens? Yes Yes Yes
Material XLPE (umfilted) EPR KLPL {unhilled)
Thernmal renistivity K.y 3.5 5 3.3
+| Bieleciric Joss factor - (fan §) 0,001 Q.02 0004
[Retative penminiviy (7 ) 25 3 1.3
Thickness inch 0% 0.175 0175
- 205 | Dismeter inch 147 1.507
Insuiation screen
: Is layes present? Yes Yes Yes
ineh .05 0,042 0.06
e 157 1593
I3 byer peesent? Yes No Yes
s arewi ¢ach core? (Only for Three core cable) Wo Yes
Material SOpper copper
Resistivity {520°C w2 em 17241 17241
Terperaure coeflicient 14K 0.00151 2.00393
Reciprocal of coeflicient of (META) By 2)4.5 345
Valumetric specific heat (SH) I 345 345
Corrugated constuction Cormugated Non-carrugated
Thickness of the gormugated sheath inch 003
Tuner radivs of the cormgated sheath inch 1.9
Duter radius of the cornugated sheath inch 2035
Thickuess inch 0.25 0.003
inch +©07 Yes




Concentric noutral/Skid wiras

44 - |15 layer present? Mo copper No
. ob5 7 [bs around each core? (Only for Three cure cable) 1.7241
<4 Mterial 0.00363
ST | Resistivity @20°C wl.em 234.5
480 | Temperanse cacetiieiont 11 a5
4900 | Reciprocal of emperature coeficient of resistance (BETAY C
-2 800 | Volumetric spevific heat (SEHD JiKm 2
.51 [Length of lay inch Unknown
17§20 [Number of wires 0.045
.537; | Wite gauge 1.681
- 84 - [ Thickness inch
o550 [Dismeter inch, Ves Yes Yes
el
e s bayer present? 335 335 3.5
Malerial 0155 0095 0.1Gs
A58 Themal resistivity Kanfw 438 1871 227851
159 [hickness inch
60 - [ Diamarer inch 4.38 1871 227851
Overall cable diameter
[t Toiomete: [ nen ] | [ ossas |

Gther useh dimensions for three core cabie

LR ']D:smncc betwetn conductor center and cable center i inch | | | !

631 [iveial spacing between conductors of (he samme circuit [ b | | | i

I S AN W T

SPECIFIC INSTALLATION DATA
Bonding
577 ]1-CON, sheaths single point bonded,

ng. configuration Yes

5 {1-CON, sheaths bonded ends, trangilar configuration Yes

3-CON, sheath/sercen around each core twe poind bonded Yes

Loss factor canstant

-]Lou Fageor gonstant E i 0. 0.3 0.3
Duct construction

~{PVC duct in canctete or buried Yes Yos
]Asbestas duct in concrete or buricd Yes
Resistivity (R14 6 6 H
Cables touching
t o1 -'-lsil\glc comductor cables NOT teaching | E Yoz | | ‘
F-9 ] Single conductr cablos touching | i | ve ] |

I = S N NS N IC AN C N I M R A

Temperature calculations

I Cable type no 1 I 1 1 ] 1 2 2 2 2 2
2 Cireait no. 1 | i 2 2 2 3 3 3 4 4
3 Phase A i) < A B C A B C LS 4
# A Conductor temperature e T0.3 70.9 T3 T0.5 T0.6 752 &R.3 597 §8.3 91.5 1.5
5 0, Sheath/Shield temperature o 67.3 613 082 624 61.6 6.1 85.46 a7 857 488 83
3 0 Armnour/Pipe or Jacket wemperature °C 66.9 7 678 67 61.2 67.7 85 364 35 §8.2 48.2
7 0, ixterior duct temperatng °C 4 4 A 9.2 42 41 1.5 115 s HE 116
& (A Ambient teinperature o 36.4 3.4 364 3464 364 Jo.4 6.4 364 364 36.4 6.4

o dsymbor]  Description | oni iz ] os3 4 e a5 g1 ]y e} oas 2o ] 2§22

Temperatura calculations

i Cable type no 2 2 2 2 2 2 2 2 2 2 3
2 Circuit no 4 5 5 5 3 6 6 7 7 7| E
1 Pluaso C A B C A B C A 1} C ABC

4 LA Comductor lemperatire (M 20.9 42.2 339 38.3 B4 854 6.1 s 876 7.9 6.5
5 0, ki *C 883 41.3 86.3 6.2 8% 823 835 86 84.9 95,3 81.5
6 [} ArmourPipe or acket lemperatare Lo 7.6 6.6 85.6 355 £3.2 822 829 839 84.3 847 79.7
7 0, Lixtoriar duct tepiposature °C 1.6 1t4 14 114 115 s 115 12 12 12 13.3
H 0, Aanbient lemperatuie °C 304 364 364 6.4 364 164 5.4 354 364 36.4 36.4




Cable type no: 1

Cable type: EXTRUDED

Cable XD: 115C2.5MX5

Cable title: 115KV 2500 KCHIL CU XLPE BOOmil Southwire

~+ Cordcion. topper, 4 sugments
Dat.77 inch
Londuclar ehiafd
Th=0.05, D=1.87 inch
n, XLPE [unlilled}
Tha0.0. D=3.47 inch

¢, semi-conducting
.05, 0<3.57 inch
Conugalod sheath, coppes
Th=0.25. B=4.07 inch
Jackel, potvelhylens
Th=0.155, 9=4.30 inch
+ Dvatall noblo d =4.38 inch

Yoltaqe: 115.0 kY Tond. aea= 1.9531 inch? (2500 KCMIL]

Conduelot, coppet
Cahlo not chied. §%in=Frogram solects
Conducto: shield

Inzulation, XLPE funfilled)
TANDELTA=0.001, EPSIEN=25
Intu. sereen, temi-conducting

Conugated sheath, copper
Tav 5omue,=0.03, Inner cadive=1.91, Quler sadiug=2.035 inch
Jackel. polyethyleno

Max. Steady-State Cond. Tamp, =90 deg.
¥oltage= 115.0 kv_E€ond. atea= 1.9531 inch2 {2500 XCMIL] |




Cable type no: 2

Cable type: OTHER

Cable ID: OI1SCLOME]

Cable title: 15kV LOOOKCMIL Cu 175 MIL EPR 1/C SCL Alaskan Way 623670

Lombugtes, copper. vampiessed
[=1.117 inch

Condustor akinkd

Th=0.82, B=1.157 inch

+ Inanlation, EPR

Thel. 175, D«1.567 inch

inau, scieen, semi-conducting
Thall 242, D=1.581 inch
Lonzenlic. wises. coppes
Fh=0.045, D=1.681 inch Straps=23
Jaukyt, polyethylens

i £h=0.095, D=1.471 inch

4+ Dvesoll cablo diometer=1.871 inck

Conductor, cogper
Cable rot dited, SkinnPropram solecls
Conductor shield

Insulatian, £PR

Intu, toreeh, temi-conducling

Concentiic wires, copped
Sleans Jonait=0.881, Lansth of lay=16.0 inch
[£)-+ dackol, polyethyitng

M, SlaadpSlate Cond Temn 2105 deg.
Yoltage= 13.6 kV_Cong. oreas 0,7954 inch2 (1000 KCMIE) Moy, Tronsient Cond. Temp, =138 deg.




Cable type no: 3

Cabla type: EXTRUDED

Cable ID: 015C3/0 X

Cabla title: 15k¥ 3/0 Cu 175 MIL XLPE 3/C SCL Alaska Way 613526

Couductoy, copper. compiessed
D=0.455 inch

Conduclot shinld

Th=0.012, }=0.48 inch
—————+ |psulation, XLPE (unfilled)
Th=D.175 inch

[nsie,_screen, remi-canducting
Th=0.08 inch

Shaath, copper

Th=0.085 inch

dachet. polvetivlone

iy
5‘&,?3{1&‘
N/
Th=0.185, D=2.27851 inch

'3+ Ovesoll cable diometer»2. 27851 inch

3
; e .,_,m‘l .’l,. . L 1
\ : + t«0.55426, R=0.95 inch

v et

Voltage- 13.0 kY Lond. area- 0.3318 inch? [150 KCHILE

Conductor. copper
Cable not diied. §xin=Frogram sslects
Conducter shisld

insulation, XLPE [unfiled]

nsu. scesen, semi-condutting
Sheath, copper

Jackel, polyslhylene

Yoltage- 13.0 kY Cond, sica= 01310 inch2 (169 KCMILY

Cond. Temp, =90 deg.
Yemp, =110 deg.




ng Summary

wrenmanonns. roe RESUIES

Study: MA-US-1&2 Yesler to Union Sub Ampacity Study, June 2011
Execution: WE&LU-58-14"HP w/0-18'd,13'h 2500kcmilCu-2@603A@89.5h
Date: 6/6/2011

Frequency: 60 Hz

Conductor Resistances: IEC-228

Fraction of conductor current returning

through sheath for single phase cables: 1

Installation Type: Multiple Duct Banks Backfills. -

Parameter Unit Value:
Ambient Soil Temperature at Tnstallation Depth °C 36.4
Thermal Resistivity of Native Soil *CanfW 1
Layers Dimensions [ft] . Thermal Resistivity
Ype

MNo.| Name | X Center | Y Center Width Height [°C.m/W]

H bB 4X2 13 20.032 1.854 4,063 Standard ductbank 0.6

2 Backfilt 13 11.881 1.998 12.254 Backfilt 0.75%

3 bB 3X4 13 4.613 2.357 2.226 Standard ductbank 0.6

4 DB 6X2 3.5 57092 1417 3.583 Standard ductbank 0.6

5 Backfill 11.498 20.4526 1.001 3.999 Backfill 0.75

6 Back{ill 14.482 20.026 1.073 3.999 Bagkfill 0.75

7 Backfill 11466 11.898 1.001 12.254 Backfill 0.75

8 Backfill 14.514 £1.898 1.001 12,254 Backfill 0.75
Heat Source Type Temperature
Heat Source Temperature °C 185
Heat Source X Center ft 0
Heat Source Y Center ft 6
Heat Source Diameter inch 14
Hcat Source Insulation Diameter inch 24
Heat Souree Insulation Thermal Resistivity °C.an/W 78.084
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Summary Results = - L

Solution converged

Cabte\Cable Location Load Factor | Temperature Ampacity
Circuit Phase

type no X[t} Y[t} [p.u.] {°cCl {A]
111 1 A 13.401 19.159 0.8 83.1 503
FAY 1 B 12,599 19.15% 0.8 89.5 503
KRN 1 C 12,599 19.961 0.8 85.6 603
411 2 A 12.599 21.565 0.8 88.4 603
541 2 B 13 401 21.565 0.8 879 603
611 2 cC 13.401 20.763 0.8 88.6 603
772 3 A 11975 4,026 0.8 99.4 423
8\2 3 B 12.133 4.026 08 100.6 423
912 3 C 12.054 3.8%1 0.3 99.2 423
1042 4 A 12,603 4,026 0.8 0Ly 423
18432 4 B 12.762 4.026 0.3 i01.8 423
1202 4 C 12.684 3.891 0.3 101 423
1372 5 A (3.238 4,026 0.8 99.6 423
1472 5 B 13.392 4.026 0.8 98.4 423
1512 5 C 13.317 3.891 0.3 98 423
1642 6 A i3.808 4,659 0.8 95.3 423
1742 6 B 14.026 4.659 0.8 95.2 423
1812 & 13.947 4,524 o8 95.9 433
1942 7 A 11.975 5.289 .8 100.7 423
2002 7 B 12.133 5.289 0.8 100.8 423
21N2 7 C 12.054 5.154 08 101 423
2203 8 ABC 3.229 4.51 0.8 135.1 200
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Cables input data

Study:
Exacution:

Date:

MA-US-1&2 Yesler to Union Sub Ampacity Study, June 2011
WRU-58-14"HP w/o-18'd,13°h 2500kemilCu-2@602A@89.5h
6/6/2011

General cabte information

2k |Cable type o 1 2 3
2 [Number of cores [} 1 3
1. [Volage kY s 11.8 138
o [Condustor area ekt 19631 0.7854 01313
5 i teady-State Conductor Terap g 90 105 90
o [Maxioum Emergency Conductor Temperatuge 3 1o 130 LI
Construction
Condictor
Material copper copper copper
Resistivity £220°C uf2.em 1.7241 17241 L7241
Temperature coethicicnt 11K, 000192 $.00193 0.00353
Reciprocal of temperature coetficient of resistance {(BETA) °C 234.5 234.5 214.5
Yolumetric specific heat (SH) ' 3435 145 345
Construction 4 gepments coipprassed eampressed
- |1s cable dried? No No No
- Jks (Skin effect cocfficient) 044 T ]
7155 Jkp (Proximity cffect coclficient) 0.37 t ]
5167 | Dimncter inch 1.7 LI 0.456
Conducter shield
= 1L ]ls layer present? Yos Yes Yes
S Thickness ingh 005 002 o012
219 {Diamerer inch 1.87 1.157 .48
Insulation
N J1s layer presant? Yei Yes Yes
Marerial XLPE {untilled) LPR XLPE funfilfed)
Themal resistivity K 3.5 b3 L5
jDiclectric loss fagtor - (tan § ) 0.001 0.02 0.004
% iRelative penmintivity (5 ) 25 1 25
 Thickness inch 2.8 0.175 0175
g +iDianeter inch 147 1.507
Insulation screen
15 bayer preseni? Yes Yes Yes
Mareriat & ! s
L 29 I Thickness inch .05 0.042 206
U335 §Diameter inch 357 1591
Sheath
22367 s bayer present? Yes No Yes
1 §1s around each core? (Only for Threa core cable} No Yes
Marerial copper capper
Resistivity @20°C uem 17241 17241
Temperature coclficient WK 0.00333 0.00153
Reeiprocal of emp ATi of {BETA} °C 234.5 2345
Volumetric specific heat {S11) JE.m? 345 345
Cormgatad eonstatetion Corrugatcd Non-comugated
3% | Thickness of the cormgated sheatl inch 003
a0 It radius of e cormugated sheath inch 191
1y Outer radius of the comugated sheath ineh 2.035
742 Pehickness inch 0.25 0.00%
A3;: |Diameter ek 407 Yes




Concentric noutral/ Skid wires

kg - [t dayer present? No capper No
745 |ts arsund cach vore? (Ondy for Three core cable) 17241
- [Materiat 0.00393
Resistivity @20°C wiem 2345
Tewmperature coctlicient 119 145
42| Reciprocal of temperatuce coefTicient of resistange (BETA) °C
5G] Volumersic speeilic heat (S11) HKan' 23
337 |Leagth of lay inch Lnknown
2820 [Muimber of wires 0.0435
8% |Wire gauge 1.681
2154 | Thickness inch
88 |[Diameter inch Yoy Yes Yes
Jacket
213 layrer present? s 35 3.5
Material £.155 0035 105
1 Thennal resistivity Kan/w 438 L3N 2.27851
i Thickness inch
Diameter inch 4.38 L8711 227851
Qverall cable diameater
[k Joimeter [Tinen ] 0.55426
Other useful dimensions for theee coro cable
‘ i G il)is::mce between canductor center antd cable center I nch I
{2645 JAxiat spocing between conductors of the same cireuil [ wen ]

Dascription/Value

SPECIFIC INSTALLATION DATA
Bending

1.CON, sheaths single point bonded, 4riong, configuration

$-CON, shearths bondedf ends, Giangular configuration

{{3-CON, sheath/sereen axoumdl each cose two point bonded

Loss factor constant

477§ Loxs factor conslant

0.3

Duct construction

+§PVC duct in cancrete ar huried

“Asbestos duct in conciete or buricd

Resistivity (RE)

Cables touching

% {Single conductor cables NOT touching

- 8ingle conductor cables touching

I I NS N I SR A I N I S N A

Temperatore calculations

1 Cable type no | ] I I I | 2 2 2 2 2
2 Circeit no | | 1 2 2 2 3 3 3 L 4
3 Phase A B fag A n C A i} C A B
4 0. Conductor temperature °C 88.1 49.5 39.6 284 319 38.6 904 180.6 902 10619 101.3
5 5 SheaityShield temperature °C 849 86.2 86,3 852 84.7 as.3 967 979 904 92.2 99
3 0, AmnourfPipe or Jacket winperature °C 84.5 85.8 830 84.7 84.1 84.9 961 972 558 285 984
7 G, Exterior duct temperatute *C 4 4 4 42 4.2 q4.1 s 1148 1ts 1z 1%.7
g 0, |i\m'hicn: temperature “C 364 364 364 364 164 364 164 364 36.4 364 364

Temperature calculatlons

| No L symbar ] Description _______|

20 b2 22 ]

1 Cable type no 2 2 2 2 2 2 2 2 2 2 3
2 Circuit no Rl 5 5 3 o G 6 7 7 7 8]
3 Phase C A 3 c A B C A I C ARG

4 0, Conductor temperature ¢ 191 99.6 984 98 963 952 959 100.7 1003 101 135.1
s . [SheatvShictd tempecuture = 98.2 96.5 957 553 916 025 932 o5 9% 28,3 1798
[ 0, Amiour/Pipe or Jackel temparature °C V7.6 942 05 34,6 73 1.8 924 7.1 97.4 97.7 127.3
7 0, Extcrior duct temperature °C 1.7 L5 115 1% [1X3 (1K 1.6 [ERS 12, 121 14.9]
8 0,  [Ambient temperature ¢ 164 3.4 164 364 364 364 364 64 36,4 6.4 6.4




Cable typeno: 1

Cable type: EXTRUCED

Cable I 115C2.5MX5

Cable title: 115KV 2500 KCMIL CU XLPE 8Q0mil Southwire

Sunhasten. coppet, 4 sugmenls
B=1.77 mch

et Eoneduictos shigld

Fhe0.05. B=%.97 inch

insulation, XLPE {unfifled]
Thal.8, D=3 47 inch

ingy, seioen, semi-conduching
Thul, 05, D«3.57 inth
Corunsted sheath, copper
Th=0.29, D=4.02 inch

Juckul, polyelhylena

Th=8.158, (3=4,30 inch

Tupral o petoged. 38 inch

Yaltage: 115.0 kY _£ond, dtgae= 1.9631 inch? (2500 KCMIL)

Conduslor. coppes
Gablo not dried, $kin~Program scfacts
Conductor shisld

Insulatton, XLEE {unfiled)
TAHDELTA=0.001, EPGILN=2.5
Insu. screen, semi-coanducting

Canugated sheath, copper
The_sormun<0.03. Innaceadive=1.01. Quler tadiug=2.035 inch
Jackel, polyalhyiens

Han, Steady-State Cond. Tanp.=00 deg.
1.9531 inch2 {2500 KCMIL) Max. Ti nt Cond, Tenp=110 deg.

Voltagz= 115.0 kv Cond. atess




Cable type no: 2

Cable type: OTHER

Cable ID: 015CL.OME3

Cable title: 15k LOO0OKCMIL Cu 175 MIL EPR 1/ SCL Alaskan Way 623670

Eundustos, coppar, compressed
D=1.117 inch

----- {conitusior shishd

3h+0.02, )=1.157 inch
Inqulation, EPA

h=0175, D=1.507 inch

I sereen, demi-conducting
Tha0.042, D=1.591 inch
Longenic wirer, copper
Eh=0,045, D=1.681 inch SGtiaps=23
dacket, polpethyieno

d [Eh=0.095, D=1.071 inch

A e Dverall cable digmeler1.87% inch

Voltagys 13,0 kY _Lond. arca- 0.7854 inch? {1080 KCMHL)

Conductoe, coppet
Cahle not diiad. $kin=Program selecls
Conductor shield

Insiation, EPA
A=0.02, EPSILN=3.0
Insu. screen, semi-conducting

Congentric wies. copper
Stzaps lanath=0.001, Lonath of tay=16.0 inch
Jacke!, palyethylene




Cable typa no: 3

Cable type:  EXTRUDED

Cable ID: 015C3/0 X

Cable title: 15kV 3/0 Cu 175 MIL XLPE 3/C SCL Alaska Way 613526

Logdustug, copper, campressed

iny
ThaD.175 inch
$nan. screen, temi-canducting
Al Tha0,0B inch

‘:\ \ Shealh. coppes
{ @3! Th=0.065 inch

p} Jigket, polvethylene
Th=0,108, D=2.27851 inch

AN
e Overall cable diametar=2 27851 inch

; ff«;-*'? 7
/ « =B.55426, R=0.96 inch

= 01318 inch2 [FBG KCMIE)

Moltuga- 13.0 k¥ Cond. §

Conductor. copper
Cabla not died, Skin-Piogiam salscts
Conductor shield

Inaufatian, XLPE [unfited}
Inay, sereen, aemi-c—;nmﬂ'ﬁ;:‘ting
Sheath, copper

Jackel, pulyethylane

Voltaqe= 13.8ky_Cond. ares= 0.1718inch2 {169 KCMIL)
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Study: MA-US-182 Yesler to Unicn Sub Ampacity Study, June 2011
Execution: W&L-5C-14"HP w/insl-18"d,13'h 2500kcmilCu-2@603A@76.7H
Date: 6/10/2011

Frequency: 60 Hz
Conductor Resistances: I1EC-228

Fraction of conductor current returning
through sheath for single phase cables: 1

Installation Type: Multiple Duct Banks Backfills

. Parameter Unit Value
Ambient Soil Temperature at Installation Depth °C 36.4
Thermal Resistivity of Native Soil *Can/W 1
Layers Dimensions [ft] Thermal
Type Resistivity
No.| Name | X Center | Y Center Width Height . . [eCc.m/W]
1 DB 4X2 13 20.032 1.854 4.063 Standard ductbank 0.6
2 Backfill 13 11.881 1.998 12.228 Backfiil 0.75
3 DB 3X4 13 4.613 2.857 2.226 Standard ductbank 0.6
4 DB 6X2 33 5792 1.417 3.583 Standard ductbark 0.6
5 Backfill 11.83 14.013 0.338 16.024 Backfill 8333
6 Backéill 14.172 14,013 0.335 16.624 Backfill 8.333
Heat Source Type Temperature
Heat Source Temperature °C 185
Heat Sovrce X Center ft 0
Heat Source Y Center ft 6
Heat Source Diameter inch 14
Heat Source Insulation Diameter inch 24
Heat Source Insulation Thermal Resistivity *C.W 78.084

e i (i e



Summary Results. - -

Solution converged

Cable\Cable . Location Load Factor | Temperature Ampacity
Circuit Phase

type no XEft] Y[ft] [p.u.] [*C] [A}
131 I A 13.401 19.159 0.8 758 603
271 I B 12.5%% 19.159 0.8 76.6 6503
ERY! 1 C 12,599 19.961 0.8 76.7 603
431 2 A 12.59% 21,565 0.3 3.9 603
531 2 B 13.401 21.365 0.8 4.1 603
6y1 2 C 13401 20763 0.3 76.1 503
Ti2 3 A 11.975 4.026 0.8 88.9 423
8v2 3 B 12,133 4026 0.8 90,3 423
932 3 C 12.054 3.891 0.8 89 423
1072 4 A 12.603 4.026 0.8 9.1 423
1ryv2 4 B 12,762 4026 0.8 9.3 423
1272 4 C 12.684 3.891 0.8 91.5 423
1372 5 A 13.238 4.026 0.8 90.7 423
14\2 5 B 13392 4.026 0.8 89.6 423
1542 5 C 13.317 3.851 0.3 89.5 423
1642 6 A 13.868 4.659 0.8 872 423
1772 6 B 14.026 4.65% 0.8 86.2 423
18\2 6 C 13.947 4.524 0.8 87 423
1912 7 A 11.975 5.289 0.8 88.5 423
2042 7 B 12.133 5.289 0.8 889 423
2th2 7 C 12.054 5.154 0.8 892 423
2243 8 ARC 3,229 4.51 0.8 3.8 200




*HNE Cables input data

Study:
Execution:

Data:

6/10/2011

MA-US-1&2 Yesler ko Unlon Sub Ampacity Study, June 2011
WRU-SC-14"HP wfingi-18'd, 13'h 2500kemilCu-2@6034@76. 7h

I T N N

Geaneral cahle information

ST Cable type e 1 2 3
2 fNumber of cores 1 I 3
1 {Valage kv 115 118 138
Conductor are inch’ (R 07254 0.11%
i teady-State Conductor Temp °C 2 105 90
L6 1 Conduetor T C 10 130 i
Construction
Conductor
Material copper coppet copper
Resistivity @@20°C uQlem L2241 1.7241 1.7241
Temperature coclficicnt WK 0.00393 0.0019) 0,003
Recip 1 of temy coclfeient of (BETA) °C 2348 215 2345
Volumetrie specific hieat (SH) I’ 348 345 Lds
: Construction 4 seginens compiesied compressed
JEX s cabde dried? Na No No
h ke (Skin effect coeflicient} ¢ad 1 I
5 |kp (Proximity effect coeflicient) 037 1 |
{167 | Diaineter inch VT L1117 G450
Conductor shield
SEE|1s dayee present? Yes Yes Yes
Thickness inch 005 002 0012
3 Dinneter inch 1.87 157 058
Insulation
¢ |1s dayer present? Yes Yes Yes
Material XLPE (unlitled) PR XLPE (wnfiled)
Thernal resistivity Kanw 15 5 15
Dielectric loss factor - (tan § ) 0.001 0,02 0.005
#:7 |Relative pennittivity (& } 25 3 25
;| Thickness inch 0.8 0.375 0.175
065 [Dianeter inch 3447 1.507
Insulation screcn
15 layer present? Yes Yes Yes
Material )
%7 | Thickness inets 0.05 0.042 306
3005  Diameter ich as? 1.591
Sheath
<5377 [ts layer present? Yes No Yeu
13 around each core? {Only for Three core cable) No Yes
atetial copper <apper
Resiativity @20°C uSk.om 1724t 1.7241
Temperatore caclficient K 0.00393 0.00393
Reci | of tenip coctficicnt of (RETA) Ky 2345 2345
Yolumetsic speeific heat (SH) Im’ 345 .45
Corrugated construclion Cormugated Nen-comugated
Thickness of (he corrugated sheath inch 9.01
linee radius of the corrugated shaath inch 151
i1 Outer radias of the cortugated shenth inch 2035
2 Thickness inch 0.25 £.005
inch 407 Yes




Concentric noutral/ Skid wires

44 s Jayer presang?

No copper Nu
457 [15 acounl each core? (Qnly for Three core cable) 17241
A Material 060193
47 Resistivity @20°C ul.um 2345
481 | Temperature cocficient LK 115
S48 | Recip | af timperitice coellicient of (BETA)} ¢
D500 | Volumetne specific heat (SH) ' 23
515 [Length of lay inch Unknowa
52.7 [ Number of wires 0.045
A3 | Wive gauge 1.681
34 [ Thickness inehy
2557 |iameter inch Yes Yes Yus
Jacket
<> 387: |15 layer presear? 15 35 1.5
Material 0155 0,095 0.103
Themal resistivity K +4.3% 1871 237330
| Thickness inch
" [Oiarmater inch 4.3% L& 227831
Qverall cable diamcter
[ 8L |Dian\cwr irch i 0.55426 ;
Other useful dimensions for three core cable
E. 425 |Disl.mcc between conductor eenter and cable conker inch | 1
£ 63 | Avial spacing between condustors of the ssme cirsuil inch [ }

o] I N N

SPECIFIC INSTALLATION DATA

Bonding

1-CON, sheaths single point bended, triang. configuration Yes
3| 1-COM, sheaths bonded ends, triaugutar configacation Yes
2 3-CON, sheathvsereen around each core two point bonded Yes
Loss factor constant
Loss factor conatant 0.3 0.3 0.3
Dugt construction
7> [PV duct in conerete ar buried Yes Yea
.| Asbestos duct in concrete or buricd Yes
i |Resistivity (RH) 6 6 2
Cables touching
Fi 8 [ Single conductor cnbles NOT touching Yes [ ]
F2o0 72 [Single conduttor cables touching Yoo | |

I ) I N R N N

Temperature calculations

TN I N R N A TN

| Cable type no i | ! 1 1 i 2 2 2 2 2
2 Cireuit no 1 1 1 2 2 3 3 3 ] 4 4
3 Phase A [i] [ N I C A B i A 1]
4 0, Conductor temperature o0 75.8 T6.0 0.7 70 4.1 161 39 203 a9 921 923
5 ) Shearh/Shichd temperature *C 227 34 146 ik 7t 73 &6.3 817 B84 59.5 8.6
6 0, ArmnourPipe or Jackel lenperanire °C 731 73 732 WA 706 75 256 87 85.7 §8.3 &2
7 0, Exwerior duct enperagre K 48 48 418 47 4.7 4% {16 154 K 117 117
8 0, Ambient temperature *C 6.4 36.4 6.4 364 64 364 16.4 36.4 364 36.4 364
[ No | Symbol}l _ Dascription | wnit | 2z ] a3 4 da ] oas a6 | a7 d as | a9 a0 fo2: | 22 ]
Temperature calculations
1 Cable type no 1 2 [ 2 2 2 3 2 2 2 3
2 Circuit no £l 5 5 5 [ [ 6 7 7 7 8
3 Phasc 9 A B < A 1] 4 A [} ABC
4 0, Conductor temperature "C 915 HT 89.6 39.5 87.2 86.2 87 88.5 8.9 89.2 87.8
§ 0, SheatuShicld iemperature °C 889 88 87 26.8 84.6 3.6 844 85.9 §6.2 88.6 831
6 0 ArmourPipe or Sacket temperatare *C 88.2 87.4 56.3 862 839 829 83.7 852 85.6 35.9 80.9
7 0, Txtenior duct lcinperatyrg °C 117 P18 1.5 .5 117 115 1n? 122 123 12.3 13.4]
8 0, Ambicnt 12 mperature °C 364 6.4 Y64 34 364 364 64 364 364 36.4 36.4]




Cable type not 1

Cable type:  EXTRUDED

Cable XD 115C2.5MX5

Cable title: 115KV 2500 KCMIL CU XLPE 800mii Southwire

Condsgten. eopper. 4 sagments
0=1.77 inch

LConductor shinid

Th=0.05, D=1.87 inch

ALPE (unfilled}
Tha0.9. D=3.47 inch

The0.05, D«3.57 inch
Conyaalod shaath, copper
Th=0.25, D=4.07 inch

Jaekul. polpelhylene

Th=0.155, D=4.30 inch

» Dyarak nablo diamnter+4.38 inch

Conduclor, coppet
Cabla not diied. $kin=Frogram sclacts
Conduelor shigkd

-4 Insulaticn, XLPE funlilled]
TANDELT4a0 001, EPGH N2 5
intu. screen, temi-conducting

Caugeted sheath, copper
Ti, cotue.=0.03, lansr eadive=1.91, Gutel tadiug=2.035 inch
Jacket. pelyathylens

Yoltage- 115.0 kY Cond, sreo-1.9631 inch2 12500 KCMILY




Cable type no: 2

Cahle type: CTHER

Cable ID: 015C1LOMES

Cable title: 15kV 1000KCMIL Cu 175 MIL EPR 1/C SCL Alaskan Way 623670

Cenglugtes, coppar, compiossed
B=1.117 inch

Sendusior shield

Fhef).02, D=1.157 inch
imaulation, EPR

Th.175, D=1.507 inch

iha. agtien, aomi-condunting
Tha(.042, D=1.531 inck
Foncenbic wites, coppar
$h=0.045, D=1.681 inch Stiep:=23
-+ fagkel, polyethylene

1h=0.035, B=1.071 inch

+ Oyaafl gable diamates+1.871 inch

Vollage: 1.0 k¥ _Cond. areas 0.7054 inch2 {1000 KCHIL]

Conductos, coppier
Cable not dited, 5kin=Program selects
Condustos shigld

Insulation, EPRE
TANBELTAS0.02, EPSILN=3.0

Insu. screen, temi-conducting

Concentric wites, copper
Stgaps tenath=9.08), Length of lay=16.G inch
Jackel, polyethylens

Voltage= 1.8 k¥ Eond.




Cable type no; 3

Cable type: EXTRUDED

Cabfe ID: 015C3/0 X

Cable title: 15kV 3/0 Cu 175 MIL XLPE 3/C SCL Alaska Way 613526

Conduwilye, copper, compiessad
[i=0.456 inch

=+ Canducte: shighi

Tho0.812. D=0.48 inch

Th=0.175 inch

Insu_scigen, semi-conducting
Th=0.06 inch

$hezth. coppar

Th=0.005 inch

4acksl. polysthylens

Th=0.105. -2.27851 inch

Oyecall cabie digmoler=2.2789) inch

+ £=0.55426. Ra0.96 inch

Conduclor, coppet
Cable not diied, Skin=Propram selects
Conductor shietd

+ Inyulation, XLPE {unfied)
intu. sereen, xenﬁ-n?ﬁu?ling
Shealh. copper

Jacke?, polyethytene

Max, Steady-State Cond. Ten,=80 deg.
|Voltage=13.0 kV_Lond area= (1330 inch? (368 KCMIE] Max, Tranient Cond Temp.«110 deg.
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Study: MA-US-182 Yesler to Union Sub Ampacity Study, June 2011
Execution: MarlA-4"HP w insl-5.5'd, 2500kemil Cu-603A@42.0,603A841.9
Pate: 6/6/2011

Freguency: 60 Hz

Conductor Resistances:  JEC-228

Fraction of conductor current returning

through sheath for single phase cables: 1

Installation Type: Multiple Duct Banks Backfills

Parameter Unit value
Ambient Scil Temperature at [nstallation Depth °C i8
Thermal Resistivity of Native Soit /W 1
Layers Dimensions [#t] T Thermal Resistivity
ype

No.| Name X Center ¥ Center Width Height [*Cm/w]

1 DB 2X4 0 9.729 3458 2.458 Standurd dugtbank 0.6

2 Backfilt 0 4,245 3.497 8,501 Backfil! 0,75
Heat Sousce Type Tempezature
Heat Sourcc Temperature °C 185
Heat Seurce X Center It 0
Heat Source Y Center it 6.5
Heat Source Diameter inch 4.5
Heat Scurce Insulation Diameter inch 6.5
Heat Scurce Insulation Thermal Resistivity °C.m/W 78.084

Trift e Rl F28 Rnbiend frwp o 160700

AN
[ Wodirn 2eps § OERE MM

Summary Results ...

Solution converged
Cable\Cable . . Location Load Factor | Temperature Ampacity

type no Circuit Phase XTft] Vi [pa] 1oc] [A]
v 1 A -1.203 10,461 0.8 41,2 603
211 i B -1.203 9.65% 0.3 415 503
3yt ] C -0.401 9.65% .8 42 503
41t 2 A 0.401 10,461 08 419 603
il 2 B 1.203 10,451 0.8 41.4 503
(3% 2 c 1.203 9.659 03 413 603
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wmmmsresan s CABlES input data

Study: MA-US-182 Yesler to Union Sub Ampacity Study, June 2011

Execution:
Date: 6/6/2011

- Description

MariA-4"HP w ingl-5.5'd, 2500kemil Cu-603A@42.0,603A@41.9

General cable information

+|Cable type no 1
Number of cores 1
Voltage kv HE
Conductor arca inch? 1.9631
Maximum Steady-State Conductor Temperature °C 90

“#IMaximum Emergency Conductor Temperature °C 116
Construction
Conductor
Material copper
Resistivity @20°C ulk.cm 1.7241
Temperature coefficient 1K 0.00393
Reciprocal of temperature cocfficient of resistance (BETA) °C 234.5
Volumetric specific heat (SH) WK’ 345
Construction 4 scgments
15 cable dricd? No
ks (Skin effect cocfficient) .44
kp (Preximity effect cocfficiont) .37
Diameter inch 1.7
Canductor shield
Is layer present? Yes
Thickness inch 0.05
219 [ Diameter inch 1.87
Insulation
; Is layer present? Yes
Material XLPE (unfilied)
Thermal resistivity K.mfw 35
Diclectric loss factor - (tand } 0.00t
Relative permittivity (£ } 2.5
Thickness inch 0.8
Diameter inch 3.47
Insulation screen
75 Ts layer present? Yes
Material semi-conducting
Thickness inch 0.05
inch 3.57

2 | Diameter




Sheath

312 {1s layer present? Yes

“*{1s around cach core? (Only for Three core cablc} No

Material copper

Resistivity @20°C ufd.cm 1.7241
Temperature cocfficient /K 0.00393

23651 Reciprocal of temperature cocfficient of resistance (BETA) °C 234.5
Volumetric specific heat (SH) K.’ 3.43

Corrugated construction Comugated

Thickness of the corrugated sheath inch 0.03

Inner radius of the corrugated sheath inch .9

; Outer radius of the corrugated sheath inch 2.035
'+ {Thickness inch +.25
i Diameter inch 4.07

et

£ s layer present? Yos

Material polyethylene

Thermal resistivity K.mvw 35

- Thickness inch {.155
48 1 Diameter inch 4,38
overall cable diameter
| 49 1Dinmclcr l inch l 4,38 l

o T N

SPECIFIC INSTALLATION DATA
Bonding

é,_ll—CON, sheaths single point bonded, triang. configuration I I Yes ;

Loss factor constant

: |Loss factor constant I ; 0.3 |

Duct construction

{|PVC duct in concrete ot buried Yes
| Resistivity (RH) 6
Cables touching
|: b S |Slnglc conductor cables NOT touching ! I Yes !

mm e Deseription

Temperature calculations L . S
1 Cable type no ! | { 1 1 1

2 Circuit no 1 i i 2 2 2

3 Phase A B C A B C

4 0, Canductpr temperature °C 41.2 41.3 42 419 41.4 41.3
5 0; Sheatly/Shicld temperature °C 38.4 38.7 39.2 321 38.6 38.4
6 6 Armour/Pipe or Jacket temperature °C 38 38.3 38.8 38.7 38.2 38.1
7 i3 Exterior duct tempcerature °C 32 3.1 3 32 33 31
8 0, Ambicnt temperature °C 18 18 8 18 18 8




Cable type no: 1

Cable type: EXTRUDED

Cable 1D: 115C2.5MX5

Cable title: 115KV 2500 KCMIL CU XLPE 800mit Southwire

Eunductor, copper, 4 segments
D=1.77 inch

Lonductor shiefd

Th=0.85, D=1.97 inch
Insulation, XLPE funfilled)
Th=0.8, D=3.47 inch

Insu. screen, semi-conducting
Th=0.95, D=3.57 inch
Lenuqated sheath, copper
Th=0.2%, D=4.07 inch

Jackst. polyethylene
Th=0.15%, D=4.38 inch

+ Overall cable diameter=4.38 inch

Yoltage= 115.0 k¥ Cond. atea= 1.9631 inch2 2500 KCHIL}

Conductor, espper
Cable not dred, Skin=Program selects
Canductar shield

Insulation, XELPE [unfilled)
TAMDELTA=0.001, EPSILN=25
fnsu. sereen, semi-conducting

{orrugated sheath, copper
Th._corrug,=0.03, inner sadius=1.91, Quter radius=2.03% inch

Jacket, polyethylene

HMayx, Steady-State Cond. Temp.=90 deg.
Voltage= 115.0 kY Cond. atee=1.9631 inch2 (2500 KCMIL) Max. Transient Cond. Temp.=110 deg.
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Study: MA-US-1&2 Yesier to Union Sub Ampacity Study, June 2011
Execution: MarlB-4"HP w/o insl-5.5'd, 2500kcmil Cu-603A®76.0,603A@70.0
Date: 6/6/2011

Frequency: 60 Hz

Conductor Resistances:

[£C-228

Fraction of conductor current returning
through sheath for single phase cables:

Installation Type: Multiple Duct Banks Backfills

Parameter Unit Value
Ambicnt Soil Temperature at [nstallation Depth °C 18
Thermal Resistivity of Native Soil oCoafW 1
Layers Dimensions [ft] Thermal
Type Reasistivity -
No.| Name | X Center | Y Center Width Height [°C.m/WJ]
1 DB 2X4 0 8.729 3.458 2.458 Standard ductbank [1X3]
2 Backfill 0 4.245 3497 8.501 Backfill .75
Heat Source Type Temperalure
Heat Source Temperature °C 185
Heat Source X Center ft -6.73
Heat Souree Y Center n 6.5
Heat Souree Diameier inch 4.5
Heat Source Insulation Diameter inch 16.5
Heat Source [nsulation Thermal Resistivity °C.m/W 54.692

M dle g

e

GE]

) *h YEd EE
} i rols 1 ORGRE Sifwt

Summary Results . .. . .

Solution converged

Cable\Cable . Location Load Factor | Temperature Ampacity
Circuit Phase
type no X[ft] Y[ft] {p.u.l {°C] [Al
[y 1 A -1.203 10.461 0.8 754 603
241 1 B -1.203 9.659 0.8 76 503
31 1 C -0.401 9.659 0.8 72.7 603
471 2 A 0.401 10.461 6.8 70 6063
Syl 2 B 1.203 10.461 .8 66.9 603
Y] 2 C 1,203 9.659 8 G6.1 603
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wemrom venCADlES input data

Study: MA-US-1&2 Yesler to Union Sub Ampacity Study, June 2011
Execution: MarlB-4"HP w/o insi-5.5'd, 2500kcmil Cu-603A@76.0,603A@70.0

Date: 6/6/2011

o ]

General cable information

Cable type no

Number of cores

Vollage kv 115
Conductor arca inch’ 1.9631
Maximum Steady-State Conductor Temperature *C 90
| Maximum Emergency Conductor Temperature °C 110
Constructmn
Conductor
Materia copper
Resistivity @20°C ufd.em 1.7241
Temperature cocfficient VK 0.00393
Reeiproeal of termperature cocfficient of resistance (BETA) °C 234.5
Volumetric specific heat (ST WK 3.45
Construction 4 scgments
Is cable dried? No
ks (Skin effect cocfficient) .44
kp (Proximity effect cocfficient) 0.37
Diameter inch 1.77
Conductor shield
Is Iayer present? Yes
Thickness ingh 0.05
o197 Diameter inch 1.87
Insulation
Is layer present? Yes
Material XLPE (unfilled}
Thermal resistivity K.m/w 35
Dicleetric foss factor - {tan § ) 0.001
Relative permittivity (g ) 2.5
Thickness inch 0.8
26 H{Diamoter inch 347
Insulation screen
15 layer present? Yes

Material

semi-conducting

Thickness

inch

0.03

307 | Diameter

inch

357




Sheath

12:315Is layer present? Yes
<327 Is around cach core? (Only for Three core cable} No
“Material copper
Resistivity @020°C uld.em 1.724}
Temperature cocfiicient 17K 0.06393
Reciprocal of temperature cocfficiont of resistance (BETA) °C 234.5
Volumetric specific heat (SH) K 345
Cormugated construction Corrugated
Thickness of the corTugated sheath inch 0.03
Tnner radius of the corrugated sheath inch 1.91
122 Outer radius of the corrugated sheath inch 2.035
“:{Thickncss inch 0.25
35 |Diameter inch 4,07
Jack t
:{Ts layer present? Yes
Material polyethylene
Thermal resistivity K.n/w 3.5
Thickness inch 0.155
248 Diameter inch 4.38
Overall cabile diameter
g ]Dinmctcr ! inch ; 4.38 |

I S S T B

SPECIFIC INSTALLATION DATA
Bonding

ilaCON, sheaths single point bonded, triang. configuration | | Yes 1

Loss factor constant

ILoss factor constant I | 0.3 |

Duct construction

“JPVC duct in concrete or buried Yes
i 4 |Resistivity (RH) 6
Cables touching

: |Smglc conductor cables NOT totiching ; I Yes l

m Symbal | oo Description .

Temperature calculations

1 Cable type no 1 | 1 1 1 1

2 Circuit no 1 I 1 2 2 2
3 Phasc A B c A B C
4 [: % Conductor temperature °C 75.4 76 727 70 66.9 66.1
5 & Sheath/Shick temperature °C 723 729 69.6 66.9 63.9 63.1
6 & Arnnour/Pipe or Jacket temperature °C 7.9 72.5 £9.2 66.5 63,5 62.7
7 B, Exterior duet temperature °C 35 3.4 33 34 34 33
8 Q, Ambient temperature °C 18 18 18 18 18 18




Cable typeno: 1

Cable type:
Cable ID:
Cable titie:

EXTRUDED
115C2.5MX5
115KV 2500 KCMIL CU XLPE 800mil Southwire

Condustor. copper. 4 segments
D=1.77 inch

Conductar shield

Th=0.05, D=1.87 inch
Insulation, XLPE {unfilled}
Th=0.8, D=3.47 inch

Insu. sereen, semi-conducting
Th=0.05, B=3.57 inch
Lorrugated sheath, copper
Th=0,25, D=4.07 inch

Jacket, polyethylene
Th=8.195, D=4.38 inch

+ Oversll cable diametei=4.38 inch

Voltage= 115.0 k¥ Lond. area= 1,9631 inch2 (2500 KCMIL)

Conductor, copper
Cable not dried, Skin=Fiogram selects
Gondustor shield

Insulation, XLPE (unfilled}
TANDELTA=0.001, EPSHN=25
Insu. seseen, semi-conducting

Corrugated sheath, copper
Th. conrug.=0.03, Inner 1adius=1.91, Outer radius=2.035 inch
Jackel, polyethylene

Hay, Steady-State Cond. Temp =98 deg.

Vollage= 115.0 k¥ Cond. area= 1,9631 inch?2 (2500 KCMIL) May. Transient Cond. Temp,=110 deq.




gm Summary
INFHRNATIGNAL Tt Results

Study: MA-US-1&2 Yesler to Union Sub Ampacity Study, June 2011
Execution: B85-A-HPFF xing-12'd, 2560kemil Cu~-603A@48,7,603A@48.5
Date: 6/10/2011

Fregquency: 60 Hz
Conductor Resistances: [EC-228

Fraction of conductor current returning
through sheath for single phase cables: i

Installation Type: Multiple Duct Banks Backfills ) .
) Parameter C C T Unig T o, - Value

Ambient Soil Temperature at Installation Depth °C 18
Thermal Resistivity of Native Soil °C.n/W 1
Layers Dimensions [ft] S e L . Thermal
) Type o . Resistivity
No.| Name | X Center | Y Center Width Height s e rec.m W
1 DB 2X4 0 13,229 3.458 2458 Standard ductbank 0.6
2 Backfitl 0 55 35 1.998 Backfitl 075

astd e e S EA%  Aomtmrsd S+ 150°¢

RGNS U g B e = I IR

Summary Results

Solution converged .
Cable\Cable . Location Load Factor | Temperature Ampacity
Circuit Phase

type ho X[} Yift] {p.u.] {°cl [A]
1\ 1 A -1.203 13.961 0.8 48 603
271 i B -1.203 13.159 0.8 48.6 603
301 i C -0.401 13.159 0.8 48.7 603
41 A A 0.401 13.961 0.8 43.5 603
571 2 B 1.203 13.961 0.8 48.1 603
641 2 [ 1.203 13.159 0.8 48 603
FAY 3 ABC -1.5 55 0.75 72.6 941
833 4 ABC 1.5 55 0.8 49.1 226




ng Summary ng

INTCANATIONAL 5O Resu I ts

lNTERN&!QNQ% Y]
Study: MA-US-18&2 Yesler to Union Sub Ampacity Study, June 2011
Execution: B85-C-HPFF xing-12*d, 2500kcmil Cu-603A@52.6,603A@51.9
Date: 6/10/2011

Frequency: 60 Hz
Conductor Resistances: [EC-228

Fraction of conductor current returning
through sheath for single phase cables: 1

Installation Type: Multiple Duct Banks Backfills

Parameter Unit Value
Ambient Soil Temperature at Installation Depth °C 18
Thermal Resistivity of Native Soil Can/w 1
Layers Dimensions [ft] Thermal
Type Resistivity

No.| Name X Center Y Center Width Height ' ' o R [°C.m/W1

1 DB 2X4 0 13.229 3.458 2.458 Standard ductbank 0.6

2 Backfill g 5.5 5 £.998 Backfill 0.15

3 Backfill -1.912 16.523 0.348 7.844 Backfill 8.333

4 Backfill 1.912 14.523 0,348 7.844 Backfit] 8333

s : . o

Solution converged
Cable\Cable Circuit Phase Location Load Factor | Temperature Ampacity

type no X[t} Y(ft] [p.u.] £°cl [A]
vl 1 A -1.203 13.961 0.8 50.9 603
FAS| | B -1.203 13.159 08 52.6 603
3vl 1 C -0.401 13.159 0.8 51.5 603
4\ 2 A 0.401 13.961 0.8 50.5 603
501 2 B 1.203 13.961 0.8 509 603
641 2 C 1.203 13.159 0.8 51.9 603
FAY 3 ABC -1.5 35 075 73 941
833 4 ABC 1.5 3.5 08 49,5 226






