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APPENDIX F | ANALYSIS III INFORMATION
SOLAR LAYOUT, WIRE/CONDUIT SIZING, PRODUCT, AND WEATHER
DATA FOR THE ENERGY EFFICIENT TECHNOLOGY ANALYSIS CAN BE
FOUND ON THE FOLLOWING PAGES.

MID-ATLANTIC DATA CENTER 5 | ASHBURN, VA PAce 103




0T 39Vd VA ‘N¥NE€HSY | G ¥3ILNI) VIVQ OILNVILY-QIY

3 @ @ @ i @ ® & @ G O 0 O O 6o o @ O
f ¥ f ¥ f
g ) 8 9010 & B @ @] )@ 3
T T T T ﬂ T T 1 o
L, L {2
[ W T e L 1 | ]
(- i = ]
i . | A i\ T T
H) =1 ¥ T E T F . = -/
Y ¥ L] g A1 -
" F N o #.n... o l ) il T ] - f f=—"" e T B ) P ! b =
3 " Uit P T | i o+
HiaN v T | il
Pt ) h p— [ e i e T am, s e - .m Pt
T — = L T T = n ) -~
| - | = v 1 = _...ﬁ. ] [ 2 o]

ST T | tn | v s
S ER: i : @t [
= i =
ot 5] T N ] 17 15,

el = -
e , =
oy L. =
e S N N | N N S N W — g H_-..w..? I S v I . e Rl e
L4 e o o ﬁ J : _ﬂ_ _ﬂ. p - ’
- - _ |
: T il T © il TR I R B R R ) = .,_.z. T =+ C 5 i 1

INOAV] T3NV4 dVI0S§

140d3Y TYNI4 SIS3IH]| HOIN3IS
600¢ ‘/ 11¥dY

LNVLINSNO) ALTINOV4 3y | ¥aNSSIK "¥uq
LNIW3IOVNY NOILONYLSNOD | NNVWIOVH AVSANIT




GOT 39Vd VA ‘N¥NE€HSY | G ¥3ILNI) VIVQ OILNVILY-QIY

S6SC 70T 9g'€ £90°C W
0z/¢ (4447 v0'C 019°'T [u2/T-T
0€TT 060 0S'T 08€'T |u¥/T-T
09T S0 980 6v0'T WT

spJepueis }Inpuo)

WP/T-T 91¢€0 890'T (474N 4 LETO 8110 0/¢ cvoT' 0 08y ovc oLe | VL (0] € S040
WC/T-T 88¢€'0 ¢LT'T [4740N0 4 €LTO oL¥'0 0/¢€ ¢980°0 08s 06¢ oLe | VL (0] € 040
We/T-T 08’0 887’1 [4740N0 4 6TC0 8¢S°0 o/v TI¥90°0 08L o6¢e oLe | VL (0] € €040
uC 9990 43" <00 4 [a%N 0€9'0 00€ 0TSO0 086 oe6v oLe | VL (0] € ¢040
4 0LL0 76S'T 0’0 c 79€0 1890 0S€ vcv0'0 08TT 06S oLe | VL oT € 104D
We/T-T 08v°0 88C'T 0’0 4 6TC'0 8¢S'0 o/v 94900 ovL oLe oLe | VL oT 4 £049
We/T-T 88¢0 [44" 00 4 €LT°0 0Lv'0 o/€ 9¢60°0 ovs 0L¢ oLe | VL oT 4 9044
WP/T-T 09¢'o 9/.60 [4740N0 4 60T°0 ¢LEO o/t 0S¢T0 oov 00¢ oLe | VL (0] 4 S044
WP/T-T 9T1¢€0 890'T [4740N0 4 LETO 8110 0/¢ 000T'0 00s 0S¢ oLe | VL oT 4 044
We/T-T 08’0 8871 [4740N0 4 6TC0 8¢S°0 o/v v1.0°0 00L 0se oLe | VL (0] 4 €044
4 ¢99°0 ¢8¢€'1 0’0 4 090 SLS°0 0S¢ 95S0°0 006 (0151 4 oLe | VL oT 4 ¢04d
4 9990 47" 0’0 4 ¢Te0 0€9°0 00€ SSv0'0 00TT 0SS oLe | VL oT 4 1044
WC/T-T 08v°0 88C'T 0’0 4 6TC°0 8¢S'0 o/v 85400 099 oe¢ oLe | VL oT T £04V
W/T-T 9T€0 890°T 00 4 LETO 8T¥'0 o/c £80T°0 09v oec oLe | VL oT T 904V
ul 91¢o0 9680 [4740N0Y 4 £80°0 CEE0 T €9ST'0 oce 09T oLe | VL (0] T S04V
W/T-T 91¢€0 8901 <00 4 LETO 8T¥'0 o/t 06TT0 ocv 0T¢ oLe | VL (0] T 04V
We/T-T 88¢€'0 <LT'T <00 4 €LT0 0Lv'0 0/€ 90800 0¢9 oTe oLe | VL (0] T €04V
We/T-T 08v°0 88C'T 00 4 6TC°0 8¢S’0 o/v 01900 0¢s8 OTv oLe | VL oT T c04v
uC 9990 457" 00 4 ¢Te0 0€9°0 00€ S8¥0°0 0€o0T STS oLe | VL oT T 104V

S49349AU| 0} S9X0g JaUIqWIO) - SAJIM Od

133HS V1ivVq 9NIZIS LINANO) ANV FHIM

140d3Y TYNI4 SIS3IH]| HOIN3IS

6007 ‘/ 11ddy LNVLINSNO) ALTINOV4 3y | ¥aNSSIK "¥uq
LNIW3IOVNY NOILONYLSNOD | NNVWIOVH AVSANIT




LINDSAY HAGEMANN | CONSTRUCTION MANAGEMENT
AprIL 7, 2009

DR. MESSNER | AE FAcCULTY CONSULTANT
SENIOR THESIS FINAL REPORT

INVERTER PRoDuUCT DATA

DIMEMSIONS

e
|
! :

T

‘omplee dmign dccumndution including wami celodeors sveilebin e e

Preliminary

ELECTRICAL SFPECIFICATIONS

| MODEL VP2 a0k PVP2 M-
Contisens Dutput Posor (6w 2E0kw T
Wolgitad CEC Eficiosy (! 36 50 (pad 9 (o)
Nrimur DT inpue 'Velage (V0T -] S|
2o ok Fowan Tiacking Ranga W 5 — 500 r
2o b Aol Cormant A 118 1 kp
AL o Yohtage B 23 e
AL Dpering Ranga v &7 -5 o7 -pE
AL Froquency Rasga e 53 -H15 Hi-H5
AL Wximen Casbrune [uret (&) 371 1]}
Sandhy o W) <75 L] <7 e
sarmenk Rstorion [RTHD i T
Powe Exior 10 250
MECHANICAL SPECIFICATIONS

| MODEL VP2 B0k PVP2 kWY
Enchaant FIEMA 4 FiZA 4
Comtucks Powdar Czated 350 Prwdar icatad Sesl
Moty Pad Mount Fadbounl
Wiyt 4800 4B
Cooling Fascrd Cormron Foernd Corerion
Tarparzicr Raage %0 H o0 A 50
5l sbion T s Tes f

OPTIONS

« Fisad wh-ary combises

# Subrmhina moskonag

= Integred rrvanes grade mats
 BreeFie qeomnn

IR D D

w Thisd pasty Integtad data mositoong soiudons
« Prevaathve maintieanna pregr=n
= - Reor atonuded wamanty

AGENCY APPROVALS [FPENDING|
UL 1741, EEESPS, EEEQZ9, IEEE|547, FC Chr A for edurted and mdated

MID-ATLANTIC DATA

CENTER 5

ASHBURN, VA

PAGE 106




ONSTRUCTION MANAGEMENT
LINDSAY HAGEMANN | C o

DR. MESSNER \ AE FAcuLTY CONSULTANT
SENIOR THESIS FINAL REPORT

NEC HANDBOOK — CONDUCTOR PROPERTIES CHART

TABLES
Table 8 Conductor Properties
Conductors Direct-Current Resistance at 75°C (167°F)
Stranding Overall Copper
Size Area Diameter Diameter Area Uncoated Coated Al
(AWG
or Circular ohm/  ohm/ ohm/  ohm/ ohm/  ohm/
kemil) mm®  mils Quantity mm  in. mm  in. mm®  in.? km kFT km kFT km KFT
18 0.823 1620 1 — — 1.02  0.040 0.823 0.001 25.5 797 26.5 8.08 420 12.8
18 0.823 1620 7 0.39 0.015 .16 0.046 1.06  0.002 26.1 F95 27.7 8.45 42.8 13.1
16 1.31 2580 1 — - 1.29 0.051 1.31 0002 16.0 4.89 16.7 5.08 26.4 8.05
60 1.31 2580 7 049 0.019 146 0.058 1.68 0003 164 4.99 17.3 5.29 26.9 8.21
14 208 4110 1 — — 1.63  0.064 2,08 0003 10.1 3.07 10.4 3.19 16.6 5.06
14 208 4110 7 0.62 0.024 1.85 0.073 268 0.004 103 3.14 10.7 3.26 16.9 517
13+ 13.31 6530 I — - 2.05 0.081 331 0.005 6.34 1.93 6.57 2.01 10.45 3.18
531 6530 i 0.78 0.030 232 0.092 4.25  0.006 6.50 1.98 6.73 2.05 10.69 325
10 5261 10380 1 - — 2,588 0.102 526 0.008 3.984 1.21 4.148 1.26 6.561 2.00
10 5261 10380 7 0.98 0.038 295 0.116 6,76  0.011 4.070 1.24 4.226 1.29 6.679 2.04
8 8367 16510 1 — — 3.264 0.128 8.37 0.013 2.506 0.764 2.579 0.786 4.125 1.26
8 8367 16510 7 1.23  0.049 371 0.146 10.76  0.017 2.551 0.778 2,653  0.809 4.204 1.28
6 1330 26240 7 1.56 0.061 4.67 0.184 17.09  0.027 1.608 0.491 1.671 0510 2.652 0.808
4 21.15 41740 74 1.96 0.077 589 0.232 27.19  0.042 1.010 0.308 1.053  0.321 1.666 0.508
3 26,67 52620 7 220 0.087 6.60 0.260 3428 0.053 0.802 0.245 0.833 0.254 1.320 0.403
2 3362 66360 i 247 0.097 742 0292 4323 0.067 0.634 0.194 0.661 0.201 1.045 0.319
1 4241 83690 19 1.69  0.066 843 0332 5580 0.087 0.505 0.154 0.524  0.160 0.829 0.253
10 53.49 105600 19 1.89 0.074 945 0372 7041 0.109 0.399 0.122 0415  0.127 0.660 0.201
220 6743 133100 19 2,13 0.084 10.62  0.418 88.74 0.137 03170  0.0967 0329 0.101 0.523 0.159
30 85.01 167800 19 239  0.094 11.94 0470 1119 0.173 02512  0.0766 0.2610 0.0797 0.413 0.126
r 40 107.2 211600 19 2.68 0.106 1341 0528 141.1 0.219 0.1996  0.0608 0.2050 0.0626 0.328 0.100
2250 127 — 37 2.09 0.082 1461 0575 168 0.260 0.1687 0.0515 0.1753  0.0535 0.2778  0.0847
300 152 — 37 2.29  0.090 16.00 0.630 201 0.312 0.1409  0.0429 0.1463  0.0446 02318 0.0707
50 177 — 37 247 0.097 17.30  0.681 235 0.364 0.1205  0.0367 0.1252  0.0382 0.1984  0.0605
400 203 — 37 2.64 0.104 1849 0.728 268 0416 0.1053  0.0321 0.1084 0.0331 0.1737  0.0529
500 253 - 37 295 0.116 20.65 0.813 336 0.519 0.0845  0.0258 0.0869 0.0265 0.1391  0.0424
600 304 — 61 252 0.099 2268 0.893 404 0.626 0.0704 0.0214 0.0732  0.0223 0.1159 0.0353
00 355 — 61 272 0:107 2449 0.964 471 0.730 0.0603 0.0184 0.0622 0.0189 0.0994  0.0303
;"750 380 — 6l 2.82 0.111 25.35 0.998 505 0.782 0.0563 0.0171 0.0579 0.0176 0.0927 0.0282
800 405 — 61 291 0.114 26.16  1.030 538 0.834 0.0528 0.0161 0.0544 0.0166 0.0868 0.0265
— 61 309 0122 2779 1.094 606 0.940 0.0470 0.0143 0.0481 0.0147 0.0770 0.0235
- 61 325 0.128 2926 1.152 673 1.042 0.0423  0.0129 0.0434 0.0132 0.0695 0.0212
— 91 298 0.117 3274 1.280 842 1.305 0.0338 0.0103 0.0347 0.0106 0.0554 0.0169
— 91 326 0.128 35.86 1412 1011 1.566 0.02814 0.00858 0.02814 0.00883 0.0464 0.0141
— 127 298 0.117 38.76  1.526 1180 1.829 0.02410 0.00735 0.02410 0.00756 0.0397 0.0121
— 127 3.19 0126 4145 1.632 1349 2.092 0.02109 0.00643 0.02109 0.00662 0.0348 0.0106

e resistance values are valid only for the parameters as given. Using conductors having coated strands,

it stranding type, and, especially, other temperatures changes the resistance.

mula for temperature change: R, = R, [1 + o (T5 = 75)] where o, = 0.00323, o, = 0.00330 at 75°C.

ductors with compact and compressed stranding have about 9 percent and 3 percent, respectively, smaller

nductor diameters than those shown. See Table 5A for actual compact cable dimensions.

IACS conductivities used: bare copper = 100%, aluminum = 61%.

B stranding is listed as well as solid for some sizes, Its overall diameter and area is that of its circumseribing circle.

F The construction information is per NEMA WCS§-
1992 or ANSI/UL 1581-1998. The resistance is caleulated
National Bureau of Standards Handbook 100. dated
966, and Handbook 109, dated 1972.

0 NATIONAL ELECTRICAL CODE 70-635
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NEC HANDBOOK — CONDUCTOR CONDUIT SIZING CHART

ANNEX C Annex C: Tables

Table C.1 Continued

CONDUCTORS

Cotidueton Metric Designator (Trade Size)

Size —_—
(AWG 16 21 27 35 41 53 63 78 91 103
Type kemil) (a) (3 (1) (1%a) (1'2) 2) (2Y2) (3) (3'%2) (4)
RHH*, | 6 1 3 4 8 T 18 32 48 63 81
RHW*, 4 I 1 3 6 8 13 24 36 47 60
RHW-2*, 3 I 1 3 5 7 12 20 3 40 52
™, 2 I [ 2 4 6 10 17 2 34 44
1"H* I":“ i ! I I 3 4 7 12 I8 24 31
THW-2 1/0 0 | I 2 3 6 10 16 20 26
2/0 0 I I I j 5 9 13 17 22
30 0 | I I 2 4 7 11 15 19
4/0 0 0 1 | | 3 6 9 12 16
250 0 0 1 | I 3 5 7 10 13
300 0 0 I I I 2 4 6 8 1
350 0 0 0 I I I 4 6 7 10
400 0 0 0 | | | 3 5 7 9
500 4] 0 0 1 1 1 3 4 6 7
600 0 0 0 1 I | 2 3 4 6
700 0 0 0 0 | 1 1 3 4 5
750 0 0 0 0 1 | 1 3 4 5
800 0 0 0 0 1 | | 3 3 5
900 0 0 0 0 0 1 1 2 3 4
1000 0 0 1] 0 0 | | 2 3 4
1250 0 0 0 0 0 | I 1 2 3
1500 0 0 0 0 0 | | | 1 2
1750 0 0 0 0 0 0 1 1 1 2
2000 0 0 0 0 0 0 I 1 | I
THHN 14 12) 22 35 61 84 138 24] 364 476 608
THWN. 12 9 16 26 45 61 101 176 266 347 443
THWN-2 10 5 10 16 28 38 63 11 167 219 279
8 3 6 9 16 22 36 64 96 126 161
6 2 ! 7 12 16 26 46 69 91 116
4 1 - 4 7 10 16 28 43 56 71
3 1 1 3 6 8 13 24 36 47 60
2 I 1 3 5 7 1 20 30 40 51
| | I 1 4 5 8 15 22 29 37
1/0 | 1 1 3 4 7 12 19 25 32
2/0 0 1 1 2 3 6 10 16 20 26
1 3/0 0 1 1 1 3 5 8 13 7 22
4/0 0 | 1 | 2 4 7 1 14 18
250 0 0 ] 1 1 3 6 9 11 15
300 0 0 1 | | 3 ) 7 10 13
350 0 0 1 1 I 2 4 6 9 11
400 0 0 0 I | | 4 6 8 10
500 0 0 0 | 1 1 3 5 6 8
600 0 0 0 [ I 1 2 4 5 7
700 0 0 0 l I 1 2 3 4 6
750 0 0 0 0 1 1 1 3 4 5
800 0 0 0 0 1 1 1 3 4 5
900 0 0 0 0 1 I I 3 3 4
1000 0 0 0 0 1 | ! 2 3 4
FEP, 14 12 21 3 60 81 134 234 354 462 590
FEPB, 12 9 15 25 43 59 98 171 258 337 430
PFA, 10 [ 11 18 31 42 70 122 185 241 309
PFAH, 8 3 6 10 18 24 40 70 106 138 177
TFE
6 2 4 7 12 7 28 50 75 98
4 | 3 5 9 12 20 35 53 69
3 1 2 4 7 10 16 29 44 57 713
2 1 1 3 6 8 13 24 36 47 60
(Continues)
2005 Edition NATIONAL ELECTRICAL CODE 70-659
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TRANTER SUPERCHANGER® PLATE AND FRAME HEAT EXCHANGER

HEAT EXCHANGERS M HEAT EXCHANGERS

‘W’\Af‘dm Performance Specification

Tha hast ransfas ol

Cusifrs Date: 2232008
Progosal Mo.:
Emai: e Moz
Cusl, Ralarrca: Runha: 0
Tachnician:
Mcafd:  GODHME-H-5HF4ES Units Requiced: 1

Inlznded Erd Use: Heat sxchanger o oool Watar 12 F using 43 F Wiater with pressun dige & of belowy 7.8 psl on bot side and
ol or bebow T8 psi on cold side.

PERFORMANCE Hoi Sids Cold Skie
Floes Fabe (Tolal) GPM 216000 24000
Inkst Tamparabure F 5500 300
net Temperaiume F mabi (1 005
Pressuns Dop psi 3.54 T.T8
Tolal Haal Exchangasd Biwh 12874270
U-vadun ETLIF3-F) =T ]

Total Heat Transfer Area et 2011 42
LMTD F 473

FLLND DATA Hal Side Cold Skde
Flusd bl ‘W'nbar Wihar
Sipmacilez CGirawily . 1.00 100
Eipecific Haal Bl I 7 1.00 1,00
Thermal Conductivry ERaihN-F] a3 [ b
iscmaRy (avg.) cP 127 137

CONSTRUCTION
Plale Malenal {MaleiakThickress) 304 5508 mm
Gaake Mianeckal [HoZond) MBS NER
Connecdon Malaria SA-510-T) Carbon Shesl SA-546-T0 Cartion Sfoesd
Connecion InlelTudat) S1-253 Ha-=54
Connecion See (e Cold nlet) 8" |150& 5TLID B 1508 STUD
Connection Size [HethCold puthet] B® 1508 3TU0 B 1508 STLD
FramaFinish SA-E46-70 Carbon Steal Enamel - RAL 5012 (Royal Bles)
Tightaning BolaMaFinah Sh-"a%BT Carbon Sieel [ &2H Tie Mot maladial | Zirc Platad
M Dimansion ! C-Dinansion 172.558 mMES in
DesigniTest Pressuns oI 100003000
Diapign Tearesssibre F 130 0
AS5ME Slamp [/ CE SHamg Yok
Tolal ‘Weight EmpeyFlooded (Par Linit) L= arrorTd
Ha, al Plalas 485
Pass Armangamant Hotald) 1 1
'EhunnulM‘urrgurmrrHl-l:h‘Edu; DHS+247HD AH5+242HD
Flow Direceon CountrnCurrant
Ramarks:

The DanOMoD guaraniod & Dasad o I soounasy o 1o dta prisosind shove,
aa] i LSS dbehly 0 Sopedy and " e Faly Uow i L
Teanfer, e PO, Bon 88 Wickia Fal, TX Fa502
511 Phn (R0 TE3T125 Faw (S40) T237131 10150

MIp-AtLANTIC DATA CENTER 5 ASHBURN, VA PaAce 109




LINDSAY HAGEMANN ] CONSTRUCTION MANAGEMENT

DR. MESSNER \ AE FAcuLTY CONSULTANT
SENIOR THESIS FINAL REPORT

AprIL 7, 2009

162 in

SUPERCHANGER ASSEMBLY

T

£

Thee heat traresber poopls

AR

Dimsanaions ane for ssderance purpesas only and are not o be used for consfruction
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