Dorrance H. Hamilton Building Philadelphia, PA

Electrical Depth

Electrical Introduction

The current power distribution system provides the
building with power; however, an alternative design solution was
analyzed. This analysis was done in order to compare the two
different systems by cost analysis, efficiency, and power
consumption.

The system redesign is comprised of a variety of different
tasks, which include the redesign of branch circuits for the four
re-lighted spaces, analysis of a central transformer versus
distributed transformers, analysis of feeders versus a bus duct
spanning to the penthouse, the analysis of a motor control
center, and a protective device coordination study. The redesign
of the power distribution system was compared to the existing
system regarding cost analysis, efficiency, and power
consumption. The cost analysis is a part of the construction
management breadth work.

The power distribution system was redesigned following
the 2005 NEC handbook. The branch circuits were recalculated
along with feeders and panelboard schedules for all four areas of
the redesign of the lighting systems. A central transformer was
utilized instead of distributed transformers on each floor. The
elimination of a variety of feeders in place of a bus duct
spanning to the penthouse should be an advantageous change to
the power distribution system. The installment of a mechanical
equipment motor control center was analyzed by calculating the
design loads for branch conductors, feeders, and protective
devices. Also, a short circuit current calculation was investigated
for a single-path through the distribution system.
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Dorrance H. Hamilton Building

Philadelphia, PA

Branch Circuit Redesign - Plaza

Original Panelboard 1LA - Plaza

PANEL NAME VOLTAGE INFORMATION PANEL INFORMATION FEEDER INFORMATION

1LA VOLTAGE 120/208 BUSS 150A FROM |[1DPA

MOUNTING: SURFACE PHASE 3 MAIN/MLO MLO TYPE |[NORMAL

LOCATION: 1ST FLOOR WIRE 4 AIC RATING 10 kA SIZE |SEE RISER ON E602

LOAD LOAD

LOCATION/ITEM WATTS WIRE | COND| BREAKER | CKT CKT | BREAKER | COND| WIRE WATTS LOCATION/ITEM

RCPT 112 900 12 20A-1P 1 2 20A-1P 12 500 RELAY PANEL LP-1

RCPT 110 180 12 20A-1P 3 4 20A-1P 12 1080 RCPT 112B

RCPT 110 540 12 20A-1P 5 6 20A-1P 12 100 UH LOA DING DOCK.

GFI WP 360 12 20A-1P 7 8 20A-1P 12 1000 ASMA SCREEN

RCPT 100,100C.111 900 12 20A-1P 9 20A-1P SPARE /

COLUMN RCPT 100 720 12 20A-1P 11 AL

COLUMN RCPT 100 720 12 20A-1P 13 EXTERIOR CAMERA

ICE MACHINE 1000 12 20A-1P 15 16 20A-1P 12 500 COFFEE

GARBAGE DISPOSAL 1000 12 20A-1P 17 18 20A-1P 12 1500 FOOD CARTS

REFRIGERATOR 1000 12 20A-1P 19 20 20A-1P 12 1500 ;“" i .

. 6126 " 21 22 20A-1P SPARE

DISHWASHER, 110 506 #3 1.25 80A-2P 5 1 TN ( SPARE

RCPT METERS, 112A 500 12 20A-1P 25 26 20A-1P /

SPACE AND PROVISION 27 28 SPACE AND PROVISION

SPACE AND PROVISION 29 30 SPACE AND PROVISION

SPACE AND PROVISION 31 32 SPACE AND PROVISION

SPACE AND PROVISION 33 34 SPACE AND PROVISION

SPACE AND PROVISION 35 36 SPACE AND PROVISION
829 37 38 SPACE AND PROVISION

AUTO DOOR, 112 829 12 20A-3P 39 40 SPACE AND PROVISION
829 41 42 SPACE AND PROVISION

NOTES:

1. PROVIDE 200% NEUTRAL

Figure 30: Original Panelboard - Plaza

New Panelboard 1LA - Plaza

PANELBOARD SCHEDULE
VOLTAGE: 208120 3PH 4w PANEL TAG: 1LA MIN. CIB AIC: 10K
SIZESTYPE BUS: 1504 PANEL LOCATION: Room 1128 - Electrical Room OPTIONS: PROVIDE FEED THROUGH LUGS
SIZEITYPE MAIN: 1504/3F C/B PANEL MOUNTING: SURFACE FOR PANELBOARD 1DPA
DESCRIPTION LOCATION [LOAD (WATTS)| C/BSIZE [POS.NO.| A | B| C|POS NO.| OBSIZE [LOAD (WATTS)| LOCATION DESCRIPTION
RCPT Room 112 900 20AN1P 1 i 2 20A11P 500 - RELAY PANEL LP-1
RCPT Room 110 180 20AN1P 5) i 4 20A1P 1080 Room 1128 RCPT
RCPT Foom 110 540 20AN1P 5 ’ 5 20A1P 100 - UH LOADING DOCH]
GFEI WP - 360 20ANF 7 * 8 J0AMF 1000 - FLASMA SCREEMN
RCPT Rm 100, 111 900 20AN1F 9 i 10 J0A1P 0 - SPARE
COLUMN RCPT Room 100 720 20AN1P 11 * 12 20AMP 0 - SPARE
COLUMN RCFT Room 100 720 20AM1P 13 * 14 20A/1P 200 - EXT. CAMERA
|CE MACHINE - 1000 Z0AN1P 15 i 16 20AMP 500 - COFFEE
ARBAGE DISPOSA - 1000 20A/1F 17 * 18 20A1P 1500 - FOOD CARTS
REFRIGERATOR - 1000 20A1P 19 N 20 20A1F 1500 - FOOD CARTS
DISHWASHER - 6126 BOAZP 21 i 22 J0AMP 0 - SPARE
DISHWASHER - 6126 BOAZP 23 * 24 20A1P 0 - SPARE
RCPT METERS Room 112A 500 20A1P 25 N 26 20A1F [i] - SPARE
SPACE & PROV - 0 27 i 28 0 - SPACE & PROV
SPACE & PROV - 0 29 * 30 0 - SPACE & PROV
SPACE & PROV - 0 31 N 32 [i] - SPACE & PROY,
SPACE & PROV - 0 33 i 34 0 - SPACE & PROV
SPACE & PROV - 0 35 i 36 0 - SPACE & PROV,
AUTO DOOR Room 112 829 20A/3F 37 N 38 0 - SPACE & PROY
AUTC DOOR Room 112 829 20A/3F 39 i 40 0 - SPACE & PROV
AUTC DOOR Room 112 829 20A/3F 41 i 42 [i] - SPACE & PROV
CONMNECTED LOAD (KW) - A 751 TOTAL DESIGN LOAD (KwW) 2455
CONMNECTED LOAD (KW)-B 10.62 POWER FACTOR 0.88
CONMNECTED LOAD (KW) - C 10.82 TOTAL DESIGN LOAD (ANMPS) 77|
Figure 31: New Panelboard - Plaza
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Dorrance H. Hamilton Building Philadelphia, PA

Feeder Size - Plaza

| Feeder Size — Panelboar A |

[calculated Design Load || 77.4 A |
| Feeder Protection Size || 80 A |
[ sets | 1 |
[Wire size |
[ Phase Il #4 AWG |
[ Neutral || 2/0 AWG |
[ Ground || #8 AWG |
[Wire Area |
[ Each Phase || 0.0824" |
[ All Phase | 0.2472" |
[ Neutral | 0.2223" |
[ Ground Il 0.0366”" |
[ Total Area | 0.5061"” |
[ conduit size || 1" |
Remarks: Based on Copper Wire, 75°C, THWN insulation
IMC Conduit

Maximum 500kcmil wire
Minimum 34" conduit
200% Neutral

Table 21: Feeder Size - Plaza

Original Panelboard 1HA - Plaza

PANEL NAME VOLTAGE INFORMATION PANEL INFORMATION FEEDER INFORMATION
1HA VOLTAGE 277/480 BUSS 200A FROM |BDPA
SURFACE PHASE 3 MAIN/MLO MLO W/SUBFEED LUGS TYPE |NORMAL
LOCATION: IST FLOOR WIRE 4 AIC RATING 25 kA SIZE |SEE RISER ON E602
LOAD LOAD
LOCATION/ITEM WATTS WIRE | COND| BREAKER | CKT WATTS OCATION/T
LIGHTING 2776 12 20A-1P 1
LIGHTING 2648 12 20A-1P B
LIGHTING 2960 12 20A-1P 5
LIGHTING 1824 12 20A-1P 7
LIGHTING 1710 12 20A-1P 9 10 50A-3P 15 #6 5466 PANEL DP1
LIGHTING 3162 12 20A-1P 11
VAVS 2424 #12 20A-1P 13
s v F et diat - S W3V 20A-1P | 15
. |PARK SIGNS 2200 #12 20A-1P 17 SPARE
Jarpiarararard s snd| 20A-1P 19 20 | 20A-1P SPARE
SPARE 20A-1P | 21 22 20A-1P SPARE
SPARE 20A-1P_| 23 24 20A-1P SPARE
SPARE 20A-1P 25 26 20A-1P SPARE
SPARE 20A-1P | 27 28 20A-1P SPARE
SPARE 20A-1P 29 > 30 20A-1P SPARE
SPACE AND PROVISION 31 — | 32 SPACE AND PROVISION
SPACE AND PROVISION 33 M SPACE AND PROVISION
SPACE AND PROVISION 35 > | 36 SPACE AND PROVISION
SPACE AND PROVISION 37 - | 38 SPACE AND PROVISION
SPACE AND PROVISION 39 40 SPACE AND PROVISION
SPACE AND PROVISION] 41 42 SPACE AND PROVISION
NOTES:

Figure 32: Original Panelboard - Plaza
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Dorrance H. Hamilton Building

Philadelphia, PA

New Panelboard 1HA - Plaza

PANELBOARD SCHEDULE

VOLTAGE: 480%/277V 3PH 4w PANEL TAG! 1HA MIN. GIB AIC: 25K
SIZEITYPE BUS: 2004 PANEL LOCATION: Room 1128 - Electrical Room OPTIONS: PROVIDE FEED THROUGH LUGS
SIZETYPE MAIN; 200A4/2P C/2 PANEL MOUNTING: SURFACE FOR PANELBOARD BDPA
DESCRIFTION | LOCATION [LOAD (waTTS)| B SIZE [PoS. MO | A | B[ Cc|Pos NO.| &B SIZE |LoaD pwaTTS)| LocaTION DESCRIPTION
LIGHTING g 2776 20AMP 1 i
LIGHTING g 2648 20AMP 3 i
LIGHTING - 2960 20A71P 5 L 6 0 e f 1Es ] Pees | LIGHTING
LIGHTING, . 1524 Z0AME 7 G B S0 5466 - FANEL DF1
LIGHTING, . 1710 ZOANE 9 g 10 S0AISE 5466 . FANEL DF1
CIGHTING, , 3162 J0AID 17 g Oz, z BANEL [P
VAV'S , 7924 J0AID 13 g
YAV'S g 1234 20AMF 15 i
PARK SIGNS , 7200 J0AID 17 g 5 AT 0 - 7
SPARE , i J0AID {E g 70 20AIT 0 , SPARE
SPARE , U J0AID 1 g 77 20AIT 0 , SPARE
SPARE , U J0AID 73 g i) 20AIT 0 , SPARE
SPARE , U J0AID 75 g 76 20AIT 0 , SPARE
SPARE , U J0AID 77 g 7 20AIT 0 , SPARE
SPARE , U J0AID 73 g 30 20AIT 0 , SPARE
SCACE & PROV , U Ell g 2 0 , SPALE & PROV.
SCACE & PROV , U 33 g 3 0 , SPALE & PROV.
SCACE & PROV , U 35 g 36 0 , SPALE & PROV.
SCACE & PROV , U 37 g g 0 , SPALE & PROV.
SCACE & PROV , U g g a0 0 , SPALE & PROV.
ZPACE & PROV - T 7 g a7 0 - SPACE & PROV
CONNECTED LOAD (KW) - A 14.81 TOTAL DESIGN LOAD (KIA) 3467
CONNECTED LOAD (KW) - B 1512 POWER FACTOR 0.95
CONNECTED LOAD (KW) - C 14.93 TOTAL DESIGN LOAD [AMPS) 44

Figure 33: New Panelboard - Plaza

Feeder Size - Plaza

Feeder Size - Panelboard 1HA

[calculated Design Load || 44.1 A |
| Feeder Protection Size | 45 A |
[sets Il 1 |
[Wire size |
[ Phase || #8 AWG |
[ Neutral | #8 AWG |
[ Ground Il #10 AWG |
[Wire Area |
[ Each Phase || 0.0366" |
[ All Phase | 0.1098” |
[ Neutral Il 0.0366" |
[ Ground | 0.0211” |
[ Total Area || 0.1675" |
[ conduit size | 3" |

Remarks:

Based on Copper Wire, 75°C, THWN insulation
IMC Conduit
Maximum 500kcmil wire
Minimum 34" conduit

100% Neutral

Table 22: Feeder Size - Plaza
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Dorrance H. Hamilton Building Philadelphia, PA

Branch Circuit Redesign — Lobby

Original Panelboard - Lobby

PANFL NAME VOLTAGE INFORMATION PANEL INFORMATION FEEDER INFORMATION
DP1 VOLTAGE 2771480 BUSS 125A FROM [1HA
MOUNTING SURFACE PHASE 3 MAIN/MLO MLO W /SUBFEED LUGS TYPE |NORMAL
LOCATION: 18T FLOOR WIRE 4 AIC RATING 14 kA SIZE [SEE RISER E602

LOAD LOAD
LOCATIONITEM WATTS WIRE_| COND| BREAKER | CKT BREAKER | COND| WIRE WATTS | LOCATIONITEM
ORBYZONEY -} o oaw o b s b F woade v | oadp fo ) A an 0 HOMBYZONES
LoRey ZoNE? - ] om0 L sl b e ]3] L e o soNE |
fosgyaones. - 1 we L B b L e ] s HA-1P #12 2240 AUDITORIUM ZONE 11
opmysoned b s F e 8 L owage | g 0A-IP #12 |88 AUDITORIUM ZONE 12
[LOBBYZONES = ol g b en b b ook ] ) 20A-IP #12 1500 |AUDITORIUM ZONE 13
opmyroee.. 1 w0 ] 01 | e | ] HA-IP #12 900 AUDITORIUM ZONE 14
opey vt 0 w0 L ] oA} ol [ a ] A 12 300 AUDITORIUM ZONE 15
fogpv ot 1 w6 ] s F | aRdE | (e HA-IP #12 300 AUDITORIUM ZONE 16
NOTES:
I, DIMMING PANEL PROVIDED WITH DIMMING SYSTEM.

Figure 34: Original Panelboard - Lobby

New Panelboard - Lobby

PANELBOARD SCHEDULE
VOLTAGE: 4801277V 2PH 4w PANEL TAG: DP1 MIN. C/B AIC 14 1K
SIZEfTYPE BUS: 1254 PANEL LOCATION: ROOM 112B - ELECTRICAL OPTIONS: PROVIDE FEED THROUGH LUGS
SIZETYPE MAIN: 125473P C/B PANEL MOUNTING: SURFACE FOR PANELBOARD 1HA
DESCRIPTION | LOCATION [LOAD (WATTS)| GBSIZE |POS. MNO.| A | B[ C|POS. NO.| C/BSIZE |LOAD (WATTS)| LOCATION DESCRIPTION
LIBHTING ZONE | : LIGHT G 70RE S
* 4 20A1P 2240 Auditoriom_ |LIGHT NG ZONE 11
i G 20AMP 1088 Auditorium — [LIGHTING ZONE 12
IGHTING ZONE 4 g 3 J0AP 1500 Auditorium _ [LIGHTING ZONE 13
* 10 20A1P 300 Auditoriur__[LIGHTING ZONE 14
g 17 SOAITE 300 Auditoriim | LIGHTING ZONE 15
2 14 Z0AF 300 Auditorium  |LIGHTING ZONE 16
0 15 g 16 0
[ 17 i 13 0
0 19 g 20 0
0 71 g 77 0
[ 73 i 74 0
0 35 g 76 0
0 37 3 78 0
0 79 i 30 0
0 31 g 37 0
[ 33 3 34 0
0 35 i 36 0
0 37 g 38 0
[ 39 3 40 0
0 1 & 32 0
CONNECTED LOAD (KW) - A 4.90 TOTAL DESIGMN LOAD (KW) 13.95
CONNECTED LOAD (KW) - B 4.00 POWER FACTOR 0.96
COMMECTED LOAD [KW)- C 272 TOTAL DESIGN LOAD (AMPS) 13

Figure 35: New Panelboard - Lobby
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Dorrance H. Hamilton Building

Philadelphia, PA

Feeder Size - Lobby

I Feeder Size - Panelboard DP1 |

[calculated Design Load || 17.6 A |
| Feeder Protection Size | 20 A |
[ sets | 1

[Wire size |—
[ Phase | #12 AWG

[ Neutral | #12 AWG |
[ Ground || #12 AWG

[Wire Area |_
[  Each Phase | 0.0133” |
[ All Phase Il 0.0399” |
[ Neutral | 0.0133" |
[ Ground | 0.0133” |
[ Total Area || 0.0665” |
[ conduit Size || 3" |

Remarks:

Based on Copper Wire, 75°C, THWN insulation
IMC Conduit
Maximum 500kcmil wire
Minimum 34" conduit

100% Neutral

Table 23: Feeder Size Lobby

Original Panelboard - Lobby

PANEL NAME VOLTAGE INFORMATION PANEL INFORMATION FEEDER INFORMATION
1LD VOLTAGE 120/208 BUSS 100A FROM |1DPA
MOUNTING: SURFACE PHASE 3 MAIN/MLO MLO TYPE |[NORMAL
LOCATION: IST FLOOR WIRE 4 AIC RATING 10kA SIZE |SEE RISER ON E602
LOAD LOAD
LOCATION/ITEM WATTS WIRE | COND| BREAKER | CKT| PHS | CKT | BREAKER | COND| WIRE WATTS LOCATION/ITEM
COLUMN RECEPTS 1440 12 20A-1P 1 A 2 20A-1P 12 900 WIREWAY: LOBBY
COLUMN RECEPTS 1440 12 20A-1P 3 | -B- 20A-1P 12 720 WIREWAY: LOBBY
PROJECTOR: LOBBY 1000 12 20A-1P 5 | -C 6 20A-1P 12 540 RECEPTS
MOTORIZED SCREEN 500 12 20A-1P 7 |A—1] 8 20A-1P 12 500 SENSORS: RESTROOM
TAYEQOIPRIENTY ™ 1000 12 20A-1P 9 | -B-| 10 20A-1P 12 500 SENSORS: RESTROOM
PLASMA SCREEN 1000 12 20A-1P 11 --C 12 20A-1P 12 540 RESTROOM GFI
AR SN SCRIAAL A 12 20A-1P 13 | A—] 14 20A-1P 12 250 LUTRON SYSTEM, 100
EWC GFI 500 12 20A-1P 15 | -B- 16 20A-1P 12 1395 FCU'S, 100A
EW C G]'I 500 12 20A-1P 17 ] -C | 18 20A-1P N 2 .
5 20A-1P 191 A— | 20 20A-1P \ 12 1000 PLASMA SCREEN
22 o A SR ANE IO LA
% 24 SPACE AND PROVISION
SPARE 20A-1P 25 20 SPACE AND PROVISION
SPACE AND PROVISION 27 28 SPACE AND PROVISION
SPACE AND PROVISION 29 30 SPACE AND PROVISION
SPACE AND PROVISION 31 32 SPACE AND PROVISION
SPACE AND PROVISION 33 34 SPACE AND PROVISION
SPACE AND PROVISION 35 36 SPACE AND PROVISION
SPACE AND PROVISION 37 38 SPACE AND PROVISION
SPACE AND PROVISION 39 40 SPACE AND PROVISION
SPACE AND PROVISION 41 42 SPACE AND PROVISION

NOTES:

1. PROVIDE 200% NEUTRAL

Figure 36: Original Panelboard — Lobby
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Dorrance H. Hamilton Building

Philadelphia, PA

New Panelboard - Lobby

PANELBOARD SCHEDULE

YOLTAGE: 208Y/120W 3PH 4wy PANEL TAG: 1LD MIN. CIB AIC 10K
SIZEITYPE BUS 100A PANEL LOCATION: ROOM 1128 - ELECTRICAL OPFTIONS: PROVIDE FEED THROUGH LUGS
SIZEITYPE MAIN: 100A3F CIE PARNEL MOUNTING: SLRFACE FOR PANELBOARD 1DPA
DESCRIFTION LOCATION [LOAD (WATTS) CBSIZE |FOS. NO. | A| B| C|POS NO.| CBSIZE |LOAD MWATTS) LOCATION DESCRIPTION
COLUMN RCPTS LOBBY 1440 2080P 1 i 2 20AMP 00 LOBEBY WIREWAY: LOBBY
COLUMN RCPTS LOBBY 1440 20481P 3 * 4 08P 720 LOBEBY WIREWAY: LOBEY
ROJECTOR: LOEE LOEBBY 1000 20A1P 5 i 5} 20801P 540 = RECEPTS
QOTORIZED SCREE] LOEBY 500 2OAMP 7 i 8 208MF 500 s SENSORS RR
AV EQUIPMENT LOBBY 1000 208P g - 10 20AMP 500 - SEMSORS RR
PLASMWA SCREEM LOEBBY 1000 20AP 11 i 12 2080P 540 = RESTROOM GFI
PLASMA SCREEN LOBBY 1000 20AMP 13 i 14 20AMFP 250 100 LUTROMN SYSTEM
EVWC GFI LOBBY 00 208P 15 i 16 20AMP 1395 100A FCUS
EVWC GFI LOBBY 500 08P 17 = 15 J0AMP 540 100 RCPT
ELEVATOR PIT | OBBY 5400 JOANME iE] " 20 08P 1000 LOEBY PLASMA SCREEN
e e e ] AP I - SPACE & PROV
i 24 20A7P 0 - SPACE & PROV
SPARE 1] 08P 25 i 26 20ANMP 0 = SPACE & PROV
SPACE & PROY 0 08P 27 = 28 J0ANMP 0 - SPACE & PROV
SPACE & PROY 1] JOAMP 29 * 30 0AMF 0 5 SPACE & PROYV
SPACE & PROY 0 20AMP 31 i 32 208MF 0 = SPACE & PROY
SPACE & PROY 1] 20AP 33 i 34 20AMP 0 - SPACE & PROY
SPACE & PROY 1] 208P 35 i Kls] 20ANMP 0 = SPACE & PROV
SPACE & PROY 1] 208MP 37 " 33 J0AMF 0 - SPACE & PROV
SPACE & PROY 1] JOAMP 39 H 400 0AMF 0 5 SPACE & PROYV
SPACE & PROY 1] 08P 41 = 42 JOAMP 1] = SPACE & PROV
CONMECTED LOAD (KW)- A 513 TOTAL DESIGN LOAD (KW) 19 .40
CONMECTED LOAD (KW)- B 6.76 POWER FACTOR 0.901
CONMECTED LOAD (KW) - C 457 TOTAL DESIGN LOAD (AMPS) 50|

Figure 37: New Panelboard - Lobby

Feeder Size — Lobby

Feeder Size - Panelboard 1LD \

[calculated Design Load || 59.8 A |
[ Feeder Protection Size || 60 A |
[ sets I 1 |
[Wire size |
[  Phase || #6 AWG |
[ Neutral || #6 AWG |
[ Ground | #10 AWG |
[Wire Area |
[  Each Phase | 0.0507” |
[___All Phase | 0.1521" |
[ Neutral | 0.0507” |
[ Ground | 0.0211” |
[ Total Area | 0.2239” |
[ conduit Size || 3" |
Remarks: Based on Copper Wire, 75°C, THWN insulation

IMC Conduit
Maximum 500kcmil wire
Minimum 34" conduit

100% Neutral

Table 24: Feeder Size Lobby
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Dorrance H. Hamilton Building Philadelphia, PA

Branch Circuit Redesign — Auditorium

Original Panelboard - Auditorium

PANEL NAME VOLTAGE INFORMATION PANEL INFORMATION FEEDER INFORMATION
DP1 VOLTAGE 27T/480 BUSS 125A FROM [ IHA
MOUNTING SURFACE PHASE. 3 MAINMLO MLOW/SUBFEED LUGS TYPE [NORMAL
LOCATION: 1ST FLOOR WIRE 4 AICRATING 14kA SIZE_|SEE RISER E602

LOAD LOAD
LOCATION/ITEM WATTS WIRE | cOND| BREAKER | ckT| PHS | cKT| BREAKER | cOND| WIRE WATTS  |LOCATION/TEM
LOBEY ZONE | 420 #12 0a-0 | 1 [ Aa—] 2 | 0a.ap #12 240 LOBBY ZONE9
LOBBY ZONE2 2760 #12 0400 | 3 | B AT i1 240 ZONE
LOBBY ZONE 3 480 #12 wA-IP | s | —C :
LOBBY ZONE 4 1200 412 wa-p | 7 | A— 01
LOBBY ZONE 5 450 #12 204-1P 9 | ~B- )
LOBEY ZONE é 810 #12 woa-r | | —c ’
LOBBY ZONE T 400 #12 AP | 13 | A ;
LOBBY ZONES G611 #12 204-1P | 15 | ~B- ;
NOTES

1, DIMMING PANEL PROVIDED WITH DIMMING SYSTEM,

Figure 38: Original Panelboard - Auditorium

New Panelboard - Auditorium

PANELBOARD SCHEDULE

VOLTAGE: 480v/277Y 3PH 4w PANEL TAG: DP1 MIN. C/B AIC 14 K
SIZEMYPE BUS: 1254 PANEL LOCATION: Room 112B - Electrical OPTIONS: PROVIDE FEED THROUGH LUGS
SIZE/TYPE MAIN: 125A4/3F C/B PANEL MOUNTING: SURFACE FOR PANELBOARD 1HA
DESCRIPTION | LOCATION |LOAD (wWATTS)| C/BSIZE [POS NO | A | B| C|POS NO. | C/BSIZE |LOAD (WATTS) LOCATION DESCRIPTION
LIGHTING ZONE 1 Lobby 2240 Z0AMP 1 g b J0AMP 216 Lobby LIGHTING ZONE &
LIGHTING ZOMNE 2 Lobby 432 J0AMP 3 * LIGHTING Z0OME 11
LIGHTING ZONE 2 Lobby 396 J0AMP 5 1 &8 @ e . s | Budiornm LICHIING 7OME T
LIGHTING ZONE 4 Lobh 216 20A/TP 7 g | 8 | APl Be | Audtorium [LIGHIING FONE 13
LGHTING ZONE 5] Lobh 432 Z0AIE g : LIGHTING Z0LE 14
LIGHTING ZONE 6 Lobby 437 ZO0AIP 11 g 12 J0AMF 0 = SPARE
LIGHTING ZONE 7 Lobby 432 Z0A/P 13 . 14 Z0ATP 0 = SPARE
SPARE - 0 Z0AIP 15 g 16 Z0AMP 0 7 SPARE
5 0 17 g 13 0 =
5 0 139 . 20 0 =
- 0 71 g 72 0 7
5 0 73 g 24 0 =
5 0 75 . 76 0 =
- 0 77 g 73 0 7
5 0 79 g 30 0 =
5 0 3 . 32 0 =
- 0 33 g 34 0 7
- 0 35 g 35 0 7
5 0 37 . 335 0 =
B 0 EE] g 40 0 B
5 0 1 g 47 0 B
CONNECTED LOAD {K\W) - A 3.60 TOTAL DESIGN LOAD (KW) 11.24
CONNECTED LOAD (K\W) - B 263 POWER FACTOR 0.85
CONNECTED LOAD (KW} - C 3.13 TOTAL DESIGN LOAD (AMPS) 14

Figure 39: New Panelboard - Auditorium
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Dorrance H. Hamilton Building Philadelphia, PA

Feeder Size - Auditorium

[calculated Design Load || 14.3 A |
| Feeder Protection Size | 15 A |
[ sets || 1 |
[Wire size |
[ Phase | #12 AWG |
[ Neutral | #12 AWG |
[ Ground || #12 AWG |
[Wire Area |
[ Each Phase | 0.0133” |
[__All Phase | 0.0399” |
[ Neutral | 0.0133" |
[ Ground I 0.0133" |
[ Total Area || 0.0665” |
[ conduit Size || 3" |
Remarks: Based on Copper Wire, 75°C, THWN insulation

IMC Conduit

Maximum 500kcmil wire

Minimum 34" conduit

100% Neutral

Table 25: Feeder Size Auditorium

Original Panelboard - Auditorium

PANEL NAME YOLTAGE INFORMATION PANEL INFORMATION FEEDTR INFORMA TION

DP2 VOLTAGE 2777480 BUSS 1254 FROM |DPI

MOUNTING: SURFACE PHASE 3 MAINMLO MLO TYPE |NORMAL

LOCATION: 15T FLOOR WIRE 4 AIC RATING 14 kA SIZE |SEE RISER Fa02
LOAD LOAD

LOCATION/ITEM WATTS WIRE CKT COND WATTS LOCATION/TTEM

apiopiivizoveinl we b oo b b o gp F g
ApimoRisizodeisl we ] 0 8 1 magp

asibimoriimzonE sl s g 1 e | S | C
Abmoriivoonenl s ] do 1 ] wmap | o7 | A
NOTES:
. DIMMING PANEL PROVIDED WITH DIMMING SYSTEM

oo g L e B0 ERUDITORIUM FONE D

| Pl ] b i DIORIM Ao
A SPARE

|sparE

Figure 40: Original Panelboard - Auditorium

New Panelboard - Auditorium

Some of the fixtures used in the auditorium were 208/120;
therefore, the panelboard 1LD was utilized. The panelboard DP2
is unnecessary and will not be used.
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Dorrance H. Hamilton Building

Philadelphia, PA

Original Panelboard - Auditorium

PANEL NAME VOLTAGE INFORMATION PANEL INFORMATION FEEDER INFORMATION

1LD VOLTAGE 120/208 BUSS 100A FROM |1DPA

MOUNTING: SURFACE PHASE 3 MAIN/MLO MLO TYPE |NORMAL

LOCATION: IST FLOOR WIRE 4 AIC RATING 10kA SIZE [SEE RISER ON E602

LOAD LOAD

LOCATION/ITEM WATTS WIRE | COND| BREAKER | CKT| PHS | CKT| BREAKER | COND| WIRE WATTS LOCATION/ITEM

COLUMN RECEPTS 1440 12 20A-1P 1 a—] 2 20A-1P 12 900 WIREWAY: LOBBY

COLUMN RECEPTS 1440 12 20A-1P 3 | -B- 20A-1P 12 720 WIREWAY: LOBBY

PROJECTOR: LOBBY 1000 12 20A-1P s | -c 6 20A-1P 12 340 RECEPTS

MOTORIZED SCREEN 500 12 20A-1P 7 20A-1P 12 500 SENSORS: RESTROOM
TAVEQOIPRIENT™Y 00 Y h 12 20A-1P 9 20A-1P 12 500 SENSORS: RESTROOM

PLASMA SCREEN 1000 12 20A-1P 1 20A-1P 12 540 RESTROOM GFI

| Dinin SN _SR LA A _A 12 20A-1P 13 20A-1P 12 250 LUTRON SYSTEM, 100

EWC GFI 500 12 20A-1P 13 20A-1P 12 1395 FCU'S, 100A

EWC GFI 500 12 20A-1P 17 20A-1P 1 ) b

ELEVATOR PIT 540 12 20A-1P 19 20A-] 1000 5

SPARE 20A-1P | 21 4 - Do

SPARE 20A-1P_| 23

SPARE 20A-1p_| 25

SPACE AND PROVISION 27 PACE AND PROVISTON

SPACE AND PROVISION 29 SPACE AND PROVISION

SPACE AND PROVISION 31 SPACE AND PROVISION

SPACE AND PROVISION 33 SPACE AND PROVISION

SPACE AND PROVISION 35 SPACE AND PROVISION

SPACE AND PROVISION 37 SPACE AND PROVISION

SPACE AND PROVISION 39 SPACE AND PROVISION

SPACE AND PROVISION 41 SPACE AND PROVISION

NOTES:

1. PROVIDE 200% NEUTRAL

Figure 41: Original Panelboard - Auditorium

New Panelboard - Auditorium

PANELBOARD SCHEDULE

YOLTAGE: 208Y/120V 3PH aw PANEL TAG: LD MIN. /B AIC: 10K
SIZEMTYPE BUS: 1004 PANEL LOCATION: ROOM 1128 - ELECTRICAL OPTIONS: SEE RISER ON E602
SIZETYPE MAIN: 100A/3F C/E PANEL MOUNTING: SURFACE
DESCRIPTION | LOCATION |LOAD (WATTS)| C/BSIZE |POS. NO | A | B| C|POS NO | C/B SIZE |LOAD (WATTS| LOCATION DESCRIFTION
COLUMNRCPTS | LOEBY 1440 20AMD 1 g 2 F0AID 900 LOBBY | WIREWAY LOBBY
COLUMN RCPTS | LOEBY 1440 20AMP 3 2 4 20AMP 720 LOBBY | WIREWAY LOEBY
ROJECTOR LOEB] _ LOBBY 1000 20AMF 5 g B 20AMP 540 g RECEFTS
OTORIZED SCREE| _ LOEBY 500 20AMD 7 g g 20AMD 500 - SENSORS RR
A EQUIPMENT, LOBBY 1000 20AE g 2 10 D0AIE 500 - SENSORS _RR
PLAGMA SCREEN | LOERY 000 S0AMD 71 g 17 S0AID 540 . RESTROOM G
PLASMA SCREEN| __LOEBY 1000 20AMP 13 3 14 20ATP 250 100 LUTRON SYSTEM
EWC GH LOBBY 500 20AMF 15 g 16 20AMP 1395 T00A FCUS
EWC GH LOEBY 500 S0AID 77 g 15 S0AID 540 100 RCPT
ELEVATOR PIT LOEBY 540 20AMP 19 3 70 20ATD 1000 LOEBY PLASMA SCREEN
LIGHTING ZONE 8] LOBBY 1200 20AMF 2 g BRI
[CHTING ZONE 10 OEEY 50 SUAD 73 g LICHTING 200 B
LIGHTING JONE L7 AUDTORIME - Jse b ool b o8 = LIGHTIRG Z00E 18
SPALL & PROV - 0 J0AIIE 37 7 3 TATE 0 - PACL LPROV
SPALE & PROV . 0 S0AD 79 g 30 S0AID 0 . SPACE & PROV
SPALE & PROV - 0 20AP 31 3 32 20ATP 0 - SPACE & PROY
SPACE & PROV f 0 20AME 33 g 34 20AP 0 f SPACE & PROV
SPACE & PROV f 0 Z0AID 3 g 36 S0AID 0 f SPACE & PROV
SPALE & PROV - 0 20AP 37 . 3B 20AP 0 - SPACE & PROY
SPACE & PROV N 0 20AMF 39 g 40 20AMP 0 N SPACE & PROV
SPALE & PROV - 0 T0ATIE Y g a7 T0ATID 0 - SPACE & PROY
CONMECTED LOAD (KW - A 8.04 TOTAL DESIGN LOAD (KW) 23 67
CONNECTED LOAD (KW) - B 751 POWER FACTOR 061
CONNECTED LOAD (KW)- C 533 TOTAL DESIGN LOAD (AMPS) 72

Figure 42: New Panelboard - Auditorium
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Dorrance H. Hamilton Building Philadelphia, PA

Feeder Size - Auditorium

Feeder Size — Panelboard 1LD \

[calculated Design Load | 72.3 A |
[ Feeder Protection Size | 80 A |
[ sets | 1

[Wire size |_
[__Phase | #4 AWG

[ Neutral | #4 AWG |
[ Ground || #8 AWG

[Wire Area o —
[ Each Phase | 0.0824" |
[ All Phase | 0.2472" |
[ Neutral || 0.0824" |
[ Ground | 0.0366" |
[ Total Area Il 0.3662" |
[ conduit Size | 1” |

Remarks: Based on Copper Wire, 75°C, THWN insulation

IMC Conduit

Maximum 500kcmil wire
Minimum 34" conduit
100% Neutral

Table 26: Feeder Size Auditorium

Josh Kreutzberger
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Philadelphia, PA

ranch Circuit Redesign - Classroom

Original Panelboard - Classroom

PANEL NAME VOLTAGE INFORMATION PANEL INFORMATION FEEDER INFORMATION
SHA VOLTAGE 277/480 BUSS 200A FROM [4HA
SURFACE PHASE 3 MAIN/MLO MLO W/SUBFEED LUGS TYPE |NORMAL
LOCATION OF PANEL WIRE 4 AICRATING 25kA SIZE |SEERISER ON E602
LOAD LOAD
LOCATION/ITEM WATTS WIRE | COND| BREAKER | CKT| PHS | CKT | BREAKER | COND| WIRE WATTS LOCATION/ITEM
LIGHTING 2430 12 20-1P 1 A 2 20A-1P 12 4008 VAVS
LIGHTING 2750 12 20-1P 3 -B-- 4 20A-1P 12 2616 VAVS
LIGHTING 1650 12 20-1P 5 --C 6 20A-1P 12 2000 CORRIDOR LIGHTING
LIGHTING 2462 12 20-1P 7 A 8 20A-1P 12 2000 CORRIDOR LIGHTING
LIGHTING 1884 12 20-1P 9 —-B-- 10 20A-1P SPARE
LIGHTING 2288 12 20-1P 11 —C 12 20A-1P SPARE
3 14 20A-1P SPARE
LIGHTING 2336 12 20-1P 15 16 20A-1P SPARE
SPARE 20A-1P 17 18 20A-1P SPARE
SPARE 20A-1P 19 20 20A-1P SPARE
SPARE 20A-1P 21 22 20A-1P SPARE
SPARE 20A-1P 23 24 20A-1P SPARE
SPARE 20A-1P 25 26 20A-1P SPARE
SPARE 20A-1P 27 28 20A-1P SPARE
SPARE 20A-1P 29 30 20A-1P SPARE
SPACE AND PROVISION 31 32 SPACE AND PROVISION
SPACE AND PROVISION] 33 34 SPACE AND PROVISION
SPACE AND PROVISION 35 36 SPACE AND PROVISION
SPACE AND PROVISION]| 37 38 SPACE AND PROVISION
SPACE AND PROVISION| 39 40 SPACE AND PROVISION
SPACE AND PROVISION| 41 42 SPACE AND PROVISION
NOTES:
Figure 43: Original Panelboard - Classroom
New Panelboard - Classroom
PANELBOARD SCHEDULE
VOLTAGE: 480v/277V 3PH. 4w PANEL TAG: 5HA MIN. CIB AIC 25 K
SIZETYPE BUS: 2004 PANEL LOCATION: Room 513A - Electrical OPTIONS: PROVIDE FEED THROUGH LUGS
SIZEITYPE MAIN: 2004/2F C/E PAMEL MOUNTING: SURFACE FOR PANELBOARD 4HA
DESCRIPTION LOCATION |LOAD (WATTS)| C/IBSIZE [POS NO. | A | B| C|POS. NO.| CGBSIZE |[LOAD (WATTS)| LOCATION DESCRIPTION
LIGHTING Room 514 2430 20A01P 1 i 2 208/1P 4008 - VAV'S
LIGHTING Room 515 2750 20A11P ) " 4 20411P 2618 - VAV'S
LIGHTING Room 512 1650 20A1P 5 i 6 20811P 2000 Carridar CORRIDOR LIGHT
LIGHTING Room 509 2462 Z0AMP 7 i 8 20A1F 2000 Corridor CORRIDOR LIGHTS|
LIGHTING Room 508 20A1P 9 " 10 2041P 1] - SPARE
| LG H TN G ] L] - 12 20A1FP 1] - SFPARE
i 14 20AMP 0 g SPARE
LIGHTING Lobby (Sth Floo ZOATH 15 i 16 2081F 0 - SPARE
SPARE - 20A11P 17 - 18 204/1P 1] - SPARE
SPARE - 20A1P 19 * 20 2041 1] - SPARE
SPARE - 20A1P 21 - 22 20A1FP 1] - SFPARE
SPARE - 20A01P 23 - 24 208/1P 1] - SPARE
SPARE - 20A1F 25 i 26 20811F 0 - SFPARE
SPARE - 20A1P 27 - 28 20A1FP 1] - SFPARE
SPARE - 20A1P 29 i 30 208/1P 1] - SPARE
SPACE & PROV - 31 * 32 1] - SPACE & PROY
SPACE & PROY - 35 * 34 1] - SPACE & PROV.
SPACE & PROV = 35 i 36 1] = SPACE & PROW
SPACE & PROV - a7 * 38 1] - SPACE & PROY
SPACE & PROY - 39 - 40 1] - SPACE & PROV.
SPACE & PROY - 41 i 42 1] - SPACE & PROV.
(COMMECTED LOAD (KWW) - A 12 88 TOTAL DESIGH LOAD (KW) 3384
CONNECTED LOAD (KW} - B 9.59 POWER FACTOR 0.95
CONNECTED LOAD (KW)- C 5.9 TOTAL DESIGN LOAD (AMPS) 43

Figure 44: New Panelboard - Classroom
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Dorrance H. Hamilton Building Philadelphia, PA

Feeder Size - Classroom

[calculated Design Load || 43.0 A |
| Feeder Protection Size | 45 A |
[ sets | 1

[Wire Size |—
[ Phase | #8 AWG

[ Neutral | #8 AWG |
[ Ground || #10 AWG

[Wire Area I
[ Each Phase | 0.0366" |
[__All Phase | 0.1098” |
[ Neutral | 0.0366" |
[ Ground | 0.0211” |
[ Total Area | 0.1675" |
[ conduit Size || 3 " |

Remarks: Based on Copper Wire, 75°C, THWN insulation

IMC Conduit

Maximum 500kcmil wire
Minimum 34" conduit
100% Neutral

Table 27: Feeder Size - Classroom
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Branch Circuit Redesign — Conclusion

Throughout the redesign of the branch circuits, all of the
panelboards either stayed the same size or were smaller. 1
eliminated panelboard DP2 from the auditorium because the
fixtures that were used in the auditorium were only found on
208/120 volt panelboards. The 2005 National Electric Code and
the ASHRAE 90.1 Standards were used throughout the lighting
and electrical branch circuit redesign. Please see attached CD
for spreadsheets of all panelboards mentioned above.
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Central Transformer vs. Distributed Transformers

Introduction

The DH Hamilton Building is serviced from the Philadelphia
Electric Company (PECO). The 13.2 kV service is fed through a
dry-type transformer rated at 480Y/277 volt, 3 phase, and 2500
kVA. After the 2500 kVA transformer, the service is supplied to
the main bus system with TVSS located in Substation No. 1. A
4000 draw amp low voltage circuit breaker protects the main
bus. The main distribution panels are located on the parking
level P2 and fed up through the building into the electrical room
of each floor into sub-distribution panels. From the sub-
distribution panels, lighting and receptacle loads are distributed
to each floor and served by 150 kVA dry-type transformers and
208Y/120V panelboards.

These 150 kVA dry-type transformers are the distributed
transformers. The DH Hamilton Building has five distributed
transformers throughout the building. The following analysis will
provide the original design power riser diagram and single line
diagram along with the new design. Note the drawings are only
partial drawings. I have also included the original transformer
schedule and the new transformer schedule. A cost analysis is
done in the construction management breadth.

Central Transformer Size

A conservative power factor of 0.85 and a demand factor
of 1.00 were assumed for panelboards 1DPA, 2DPA, 3DPA,
4DPA, and 5DPA. The total calculated design load was calculated
using the panelboard schedule spreadsheet. The distribution
panelboard for the secondary side of the transformer is 3000A
with room for growth with the sixth floor of the DH Hamilton
Building. The conduit size and wire size were found on the
feeder schedule on the original drawings. The sizes were not
changed due to the redesign of the lighting. The wire size was
found by using the table for the DH Hamilton Building. This
table is the feeder schedule for the building, but it goes by the
protection size.
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Calculated Design Load \

[ Panelboard 1DPA || 570.6 A |
[ Panelboard 2DPA || 495.1 A |
[ Panelboard 3DPA || 418.6 A |
|  Panelboard 4DPA Il 426.1 A |
[ Panelboard 5DPA || 516.4 A |
[Total Calculated Design Load || 2426.8 A |

Table 28: Calculated Design Load

Central Transformer Size \

[ calculated Design Load || 2426.8 A |
[ Feeder Protection Size || 2500 A |

(5) 4” Conduit each with

Wire Size (From DH Hamilton (3) 500 kCmil & (1) #4/0

Feeder Schedule)

Ground
[ Transformer || |
[ kva || 874.29 kVA |
[ size || 1000 kVA |
[  secondary Protection Il 2500 A |
[ Primary Protection || 1600 A |
Remarks: Based on Copper Wire, 75°C, THWN insulation
IMC Conduit

Maximum 500kcmil wire

Minimum 34" conduit

100% Neutral

Dry type transformers with primary and
secondary feeders exceeding 25 feet

Table 29: Central Transformer Size
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Original Electrical Single-Line Diagram - Partial
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Figure 45: Original Electrical Single-Line Diagram - Partial
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New Electrical Single-Line Diagram - Partial

_I__fV‘/"V"\
= el ) GE K'-2 REVENLE CLASS METER
= a2 senite FACTORY INSTALLED IN SUBSTATION
BLDG eate SEE F1ESD] FOR FURT HER INFORMATION
GROUND
Lo P
WA E
H0004F
400047
ol SUBSTATIGN
LZITNAN Llthi)
[— A ~
| J J J
Tw Ty w W w w W w w Wl we W
4 4 IR EE s GEE 4EE g £= s &2 g 4
$= §w 24 =31 28 A =2 = B4 Z7 2F ET =
l I L L 4 L L 4 . . »

5 FOR REMOTE SUEMETER:

TALLED WITHIN SUBSTATION
TV FOR [@) LOCATIONS

SEE FIESI2 FOR

FURTHER: INFORMATION

&
®
&
O

N
HH
EH
EH
HH
EH
EH

= = ©
£ Ew oz oz z_ gEst H
= os T = Sa [ .
= z == 22 25 ok
e 4E E& E& EE 2Za X
Ed FE 5 BE 2% oip =5
e 5ah EQe E@m EgQo Wg> =
o EZa EZa EZa WEE 2x
wZi =ZL =238 z She
== == ==}

C j PARTIAL H ECTRICAL SINGLE.1INFE HMAGRAM

Figure 46: New Electrical Single-Line Diagram - Partial
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Philadelphia, PA

Original Electrical Riser Diagram - Partial
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Figure 47: Original Electrical Riser Diagram - Partial
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Philadelphia, PA

New Electrical Riser Diagram — Partial
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Figure 48: New Electrical Riser Diagram - Partial
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Original Transformer Schedule

TRANSFORMER SCHEDULE

| Tag | | Primary Voltage I | Secondary Voltage | | (iif:) | | Type I | T;in;:. | | Taps | | Mounting | | Remarks |
DRY o PAD MOUNTED
MAIN 13,200V,3PH,3W 480Y/277V,3PH,4W 2500 TYPE 115°C N/A TO FLOOR N/A
DRY @ FLOOR, WALL,
TBA 480V,3PH,3W 208Y/120V,3PH,4W 45 150°C OR TRAPEZE N/A
TYPE 2.5%
MOUNT
DRY (4) PAD
T1 480V,3PH,3W 208Y/120V,3PH,4W 150 150°C MOUNTED TO K-13 RATED
TYPE 2.5%
FLOOR
DRY (4) PAD
T2 480V,3PH,3W 208Y/120V,3PH,4W 150 TYPE 150°C 2.59 MOUNTED TO K-13 RATED
.5%
FLOOR
DRY (4) PAD
T3 480V,3PH,3W 208Y/120V,3PH,4W 150 150°C MOUNTED TO K-13 RATED
TYPE 2.5%
FLOOR
DRY (4) PAD
T4 480V,3PH,3W 208Y/120V,3PH,4W 150 150°C MOUNTED TO K-13 RATED
TYPE 2.5%
FLOOR
DRY (4) PAD
T5 480V,3PH,3W 208Y/120V,3PH,4W 150 TYPE 150°C 2.59 MOUNTED TO K-13 RATED
.5%
FLOOR
DRY @ FLOOR, WALL,
T6 480V,3PH,3W 208Y/120V,3PH,4W 15 150°C OR TRAPEZE N/A
TYPE 2.5%
MOUNT
DRY (4) FLOOR, WALL,
TP 480V,3PH,3W 208Y/120V,3PH,4W 30 150°C OR TRAPEZE N/A
TYPE 2.5%
MOUNT
DRY (4) FLOOR, WALL,
LTBA 480V,3PH,3W 208Y/120V,3PH,4W 15 150°C OR TRAPEZE N/A
TYPE 2.5%
MOUNT
DRY (@) FLOOR, WALL,
STBA 480V,3PH,3W 208Y/120V,3PH,4W 45 TYPE 150°C .59 OR TRAPEZE K-13 RATED
5%
MOUNT
DRY (@) FLOOR, WALL,
STBB 480V,3PH,3W 208Y/120V,3PH,4W 30 150°C OR TRAPEZE N/A
TYPE 2.5%
MOUNT
DRY @ FLOOR, WALL,
TL1A 480V,3PH,3W 208Y/120V,3PH,4W 15 150°C OR TRAPEZE N/A
TYPE 2.5%
MOUNT
DRY () FLOOR, WALL,
ST4 480V,3PH,3W 208Y/120V,3PH,4W 45 150°C OR TRAPEZE N/A
TYPE 2.5%
MOUNT
DRY (4) FLOOR, WALL,
LPA 480V,3PH,3W 208Y/120V,3PH,4W 15 150°C OR TRAPEZE N/A
TYPE 2.5%
MOUNT
DRY @ FLOOR, WALL,
STPA 480V,3PH,3W 208Y/120V,3PH,4W 30 150°C OR TRAPEZE N/A
TYPE 2.5%
MOUNT
| NoTEs:

| 1. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.

| 2. TRANSFORMERS 45 KVA AND SMALLER MAY BE FLOOR, WALL, OR TRAPEZE MOUNT AT THE OPTION OF THE CONTRACTOR.

[ Kev: A/N = As NoTeD

Table 30: Original Transformer Schedule
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Philadelphia, PA

New Transformer Schedule

TRANSFORMER SCHEDULE

| Tag | | Primary Voltage I | Secondary Voltage | | (iif:) | | Type I | T;in;:. | | Taps | | Mounting | | Remarks |
DRY o PAD MOUNTED
MAIN 13,200V,3PH,3W 480Y/277V,3PH,4W 2500 TYPE 115°C N/A TO FLOOR N/A
DRY @ FLOOR, WALL,
TBA 480V,3PH,3W 208Y/120V,3PH,4W 45 150°C OR TRAPEZE N/A
TYPE 2.5%
MOUNT
DRY 1) - PAD
T1-61 480V,3PH,3W 208Y/120V,3PH,4W 1000 150°C MOUNTED TO N/A
TYPE 3.5%
FLOOR
DRY FLOOR, WALL,
T6 480V,3PH,3W 208Y/120V,3PH,4W 15 TYPE 150°C () 2.5% OR TRAPEZE N/A
MOUNT
DRY (4) FLOOR, WALL,
TP 480V,3PH,3W 208Y/120V,3PH,4W 30 150°C OR TRAPEZE N/A
TYPE 2.5%
MOUNT
DRY (4) FLOOR, WALL,
LTBA 480V,3PH,3W 208Y/120V,3PH,4W 15 150°C OR TRAPEZE N/A
TYPE 2.5%
MOUNT
DRY (@) FLOOR, WALL,
STBA 480V,3PH,3W 208Y/120V,3PH,4W 45 TYPE 150°C .59 OR TRAPEZE K-13 RATED
5%
MOUNT
DRY (@) FLOOR, WALL,
STBB 480V,3PH,3W 208Y/120V,3PH,4W 30 150°C OR TRAPEZE N/A
TYPE 2.5%
MOUNT
DRY @ FLOOR, WALL,
TL1A 480V,3PH,3W 208Y/120V,3PH,4W 15 150°C OR TRAPEZE N/A
TYPE 2.5%
MOUNT
DRY (@) FLOOR, WALL,
ST4 480V,3PH,3W 208Y/120V,3PH,4W 45 150°C OR TRAPEZE N/A
TYPE 2.5%
MOUNT
DRY (4) FLOOR, WALL,
LPA 480V,3PH,3W 208Y/120V,3PH,4W 15 150°C OR TRAPEZE N/A
TYPE 2.5%
MOUNT
DRY @ FLOOR, WALL,
STPA 480V,3PH,3W 208Y/120V,3PH,4W 30 150°C OR TRAPEZE N/A
TYPE 2.5%
MOUNT
| NoTEs:

| 1. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.

| 2. TRANSFORMERS 45 KVA AND SMALLER MAY BE FLOOR, WALL, OR TRAPEZE MOUNT AT THE OPTION OF THE CONTRACTOR.

[ Kev: A/N = As NoTeD

Table 31: New Transformer Schedule
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Dorrance H. Hamilton Building

Philadelphia, PA

Cost Analysis

The cost analysis is part of the construction management
breadth; however, it is included in the tables below. The cost
analysis is based on THWN copper wire rated at 75°C, IMC
conduit, a maximum of 500 kCmil Wire, and a minimum of 34"
conduit. As you can see by the tables below, the cost of the
distributed transformer system is $215,987, while the central
transformer system is $240,107.

Distributed Transformer Estimate

Ttem Quantity| Units Cost {Inc, O&P) Total Cost
Transformers
150 lkva D-Type, kK-13 Rated 5.0 E& 16900.00 G4 ,500.00
Copper Feeders {THWN)
#4 WG, Stranded 10.5 CLF 229.00 2,347 .25
Size 1/0, Stranded 5.5 CLF 450,00 2.466.00
250 kCmil, Stranded 30.8 CLF 925,00 28 ,443.75
500 kCmil, Stranded 274 CLF 1625.00 44 ,525.00
Conduit {IMC)
z-1/2" 1025.0 LF 27.00 27 ,675.00
4" 248.0 LF 47.50 Z26,030.00
TOTAL $215,967.00
Rernarks Based on Copper Wire, 757, THWHN insulation
IMC Conduit
Maxirnumm 500kCril Wire
Miniurnurn 3/4" Conduit
100% Meutral

Table 32: Distributed Transformer Estimate

Central Transformer Estimate

Tterm Quantity| Units Cost {Inc, O&P) Total Cost
Transformers
1000 kva D-Type Transformer 1.0 E& <4 3200.00 43,200.00
Copper Feeders (THWN)
#4 AWG, Stranded 0.9 CLF 229.00 201,52
Size 1/0, Stranded 134 CLF 450.00 5,021.00
250 kCmil, Stranded 2.6 CLF 925.00 2,44 2.00
500 kCmil, Stranded 56.9 CLF 1625.00 105,712.50
Distribution P anelboards
4-wire, 120/208%, 3000 Armp 1.0 EA 15975.00 15,975.00
Conduit {IMC})
Z-1/2" 55.0 LF 27.00
4" 1335.0 LF 47.50 53,555.00
TOTAL $240,107.02
Remarks: Based an Copper Wire, 75 C, THWMN insul ation
IMC Conduit
Maxirnurn S00kCrmil Wire
Miniumurn 354" Conduit
100% Meutral

Table 33: Central Transformer Estimate
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Conclusion

Overall, the central transformer system is not
recommended due to the overall cost. The central transformer is
109% the cost of the five distributed transformers. The central
transformer will save on square footage for the space, but the
transformer cost is higher than the five distributed transformers.
The recommendation is to keep the original design with the
distributed transformers.
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Feeders vs. BusDuct

Introduction

The DH Hamilton Building is serviced from the Philadelphia
Electric Company (PECO). The main distribution panels are
located on the parking level P2 and fed up through the building
into the electrical room of each floor into sub-distribution panels
with feeders. From the sub-distribution panels, lighting and
receptacle loads are distributed to each floor and served by 150
kVA dry-type transformers and 208Y/120V panelboards.

The feeders running from the parking level P2 to the
penthouse are going to be replaced by a busduct. The following
analysis will provide the original design power riser diagram and
single line diagram along with the new design. Note the
drawings are only partial drawings. The original full drawings
are located on the CPEP website. A cost analysis is done in the
construction management breadth.

Calculated Design Load

A conservative power factor of 0.85 and a demand factor
of 1.00 were assumed for panelboards 1DPA, 2DPA, 3DPA,
4DPA, and 5DPA. An additional 20% growth was assumed for
the future of floor six. Currently, floor six is an empty space and
a future load will be placed on the floor. The total calculated
design load was calculated using the panelboard schedule
spreadsheet. The conduit size and wire size were found on the
feeder schedule on the original drawings. The sizes were not
changed due to the redesign of the lighting. The wire size was
found by using the table for the DH Hamilton Building. This
table is the feeder schedule for the building, but it goes by the
protection size.

|  Panelboard 1DPA Il 570.6 A |
[ Panelboard 2DPA || 495.1 A |
[ Panelboard 3DPA || 418.6 A |
[ Panelboard 4DPA || 426.1 A |
[  Panelboard 5DPA || 516.4 A |
[ Panelboard 6DPA (Future) || 485.4 A |
[Total Calculated Design Load || 2912.2 A |
[ Busduct Design Load Il 600 A |

Table 34: Calculated Design Load
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Original Electrical Riser Diagram - Partial
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Figure 51: Original Electrical Riser Diagram - Partial
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New Electrical Riser Diagram - Partial
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Figure 52: New Electrical Riser Diagram - Partial
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Cost Analysis

The cost analysis is part of the construction management
breadth; however, it is included in the tables below. The cost
analysis is based on THWN copper wire rated at 75°C, IMC
conduit, a maximum of 500 kCmil Wire, and a minimum of 34"
conduit. As you can see by the tables below, the cost of the
system with only feeders is $59,606, while the cost of the
system with the busduct is $55,098.

Feeder Estim ate

Item Quantity| Units Cost (Inc, QO&P) Total Cost

Copper Feeders (THWN)

#4 AW S, Stranded 10.5 CLF 229,00 Z2,393.05
250 kiCmil, Stranded 314 CLF 925.00 25,995 .75
Conduit (IMC)
2-1/2" 1045.0 LF 27.00 28,215.00
TOTAL $59,606.80
Remarks Based on Copper Wire, 75°C, THWHM insulation
IMC Conduit

Maximum S00kCrmil Wire
Miniumurn 3 /4" Conduit
100% Meutral

Table 35: Feeder Estimate

Busway Estimate

Item Quantity| Units Cost (Inc, Q&P) Total Cost

IndoorfPlug-in Busduct

Copper Busduct - 6004 220.0 LF 210,00 46,200.00
Feeders

£ 00WG 1.6 CLF 229.00 357.24

250 kCmil 4.7 CLF 9z5.00 4,329.00

Conduit {IMC)

2-1/2" 156.00 LF 27.00 4,212.00
TOTAL $55,008.24
Rermarks: Based on Copper Wire, 75°C, THWHM insulation

IMC Conduit

Maximurn S00kCmil Wire
Miniumurn 354" Conduit
100% Meutral

Table 36:
Busway Estimate

Josh Kreutzberger -77 - Lighting/Electrical



Dorrance H. Hamilton Building Philadelphia, PA

Conclusion

Overall, the busduct is recommended due to the overall
cost. The busduct is 92% the cost of the individual feeders. The
feeder system used 1045’ of (3) 250 kCmil & (1) #4G in 2-1/2"
conduit. This equates to $59,606 for the system. The busduct
system used 220’ of vertical copper 600 A busduct and 156’ of
(3) 250 kKCmil & (1) #4G in 2-1/2" conduit. This equates to
$55,098 for the system. The recommendation is to switch to the
busduct instead of the individual feeders.
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Motor Control Center

Introduction

The motor control center design consists of the analysis
and design of one major mechanical equipment motor control
center and associated feeder. A schedule will be provided along
with the calculation tables of design loads for branch conductors,
feeders, and protective devices. The DH Hamilton Building
motor control center will consist of the three AHU motors, the
two AHU return fans, two roof supply fans, two garage exhaust
fans, the chiller pump, spare chiller pump, and the cooling tower

pump.

Motor Control Center Loads

Full
Eqmpment Power Load
Voltage Load
--Em Amps e
[AHU-1 ]| AHU 460 V 75HP || 96A 0.90 || 71.83 |
[AHU-2 ]| AHU || 460 V || 3 || 75HP || 96 A || 0.90 || 71.83 |
[Aanu-3 ]| anu ]| 460v ]| 3 ]| 75HP || 96A || 0.90 || 71.83 ]
R-1 || ATUREUM 460y 3 soHp || esA || 0.0 || 48.64
RF-2 AHUFEﬁt“r” 460 V 3 soHP || 65A 0.90 48.64
Stairwell
SF-3 Pressure 460 V 3 20 HP 27 A 0.90 20.20
Fan
Stairwell
SF-4 Pressure 460 V 3 20 HP 27 A 0.90 20.20
Fan
Garage
EF-7 Exhaust 460 V 3 30 HP 40 A 0.90 29.93
Fan
Garage
EF-8 Exhaust 460 V 3 30 HP 40 A 0.90 29.93
Fan
p-1 Chiller 460 V 3 aomp || s2a || 0.0 || 38.01
Pump
p-2 Spare 460 V 3 40 HP 52 A 0.90 38.91
Pump
Cooling
P-3 Tower 460 V 3 40 HP 52 A 0.90 38.91
Pump

Table 37: Motor Control Center Loads
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The table above states the motor control center schedule.
The loads and the NEMA starter sizes are all shown in the above
table. The types of fans are variable frequency drive (VFD) and
full voltage, non-reversing (FVNR).

Motor Control Center Schedule

ESEEE
ype Size Spaces VFD Factor Amps
[ AHU-1 || vep || 75HP || 4 || 12x |{svxooo0]| 71.83 || 1.25 || 89.79 |
[ aAHu-2 ]l vep || 7suP || 4 ]| 12x ]| svxoo000]| 71.83 | 71.83 |
[ aHu-3 [ veo [ 756 || 4 ][ 12x ][ svxooo0 ][ 71.83 |
[ RF-1 [ veb ][ sonp ][ 3 J[ 12x ][ svxoo00][ 48.64 |
[ RF-2 [ v [ sorp J[ 3 ][ 12x ][ svxoo00 ][ 48.64 |
| SF-3 I evnr [ 200 | 2 I 1x ][ nNA ][ 20.20 |
| SF-4 I evnrR [ 200 | 2 I 1x ][ ~NA ][] 20.20 | 1.00
[ EF-7 [ fvnrR ][ 30mP J[ 3 J[ 2x [ NA ][ 29.23 ]
| EF-8 I rvnR [ 30HP ][ 3 ][ 2x ][ ~nA ][ 29.23 ]
| p-1 I veb [ 40HP | 3 J[ 7x ][ svxoooo][ 38.91 |
| p-2 Il veb [ 40np | 3 [ 7x ][ svxoooo][ 38.91 |
[ P-3 [l veo ][ 40nurp J[ 3 ][ 7x ][ svx9o00][ 38.91 | [ 38.91 |
Total Design Load

Table 38: Motor Control Center Schedule

Since the design load is 546 Amps, 600 amp busduct is
needed to supply the motor control center. A 600-amp busduct
will need 6X number of spaces for a bottom cable entry with four

cables per phase.

Therefore, I need a total of 93 X number of spaces. Since
there are 12X spaces per section, I will need 8 sections. Since
this is a rather large motor control center, a spare section is
going to be added, which makes the total to be 9 sections. The
final dimensions of the motor control center are 16” deep, 90"
high, and 180" long. The penthouse will have enough room to
house this huge motor control center.
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Philadelphia, PA

Motor Control Center Size

Motor Control Center

[ calculated Design Load Il 546.32 A

[ Feeder Protection Size || 600 A

Wire (2) sets of 250 kCmil & (1)

#1 Ground
[ conduit || 3 1" |
[ secondary Protection || 600 A |
[ Primary Protection || 700 A |
Remarks: Based on Copper Wire, 75°C, THWN insulation

IMC Conduit

Maximum 500kcmil wire

Minimum 34" conduit

100% Neutral

Dry type transformers with primary and

secondary feeders exceeding 25 feet

Table 39: Motor Control Center Size

Motor Control Center Layout

15'-0"

Sirip rip
Fir MR FIriR
Main e autip SPACE
600 A Fuhifi Funfi
Breaker SPACE SPLCE
AHU-1| | AHU-2| | AHU-3| | RF-1 RF-2 —q:)
75 HP 15 HP 15 HP 50 HP 50 HP _1
= P9 p.3 VFD VFD VFD VFD VFD M
40 HP 40 HP 40 HP
SPACE VFD VFD VFD
Figure 53: Motor Control Center Layout
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Conclusion

The motor control center will provide an adequate space
saver in the mechanical room of the DH Hamilton Building. All
motors over 20 HP were put into the motor control center. This
should provide the motor starters with the correct amperage to
start and also the variable frequency drive system for the air
handling unit motors, the return fan motors, and the pumps.
The motor control center would be an addition to the DH
Hamilton Building that would be recommended.
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Short Circuit Analysis

Introduction

The short circuit analysis will conduct a brief
protective device study that addresses a single-path through the
distribution system.

Protective Device Coordination

The protective device coordination was performed on the
100 amp circuit breaker of panelboard 1LD, the 600 amp main
distribution panelboard 1DPA, and the 800 amp circuit breaker
off of the main buss. The circuit breaker time/current curves are
on the pages following the conclusion.

Short Circuit Calculations

The short circuit calculations cannot be completed because
the utility information is unattainable from the Thomas Jefferson
University.

Conclusion

All of the systems were coordinated by overlaying the
devices upstream of the device before itself. Therefore, the
single-path through the distribution system is coordinated.
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Panelboard 1LD - 100 Amp Trip Curve
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Figure 54: 100 Amp Trip Curve
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Panelboard 1DPA -

400 Amp Trip Curve
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Figure 55: 400 Amp Trip Curve
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Feeder - 800 Amp Trip Curve
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