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1 Scope

This document describes the mechanical and electrical specifications used in the design of
Facebook's innovative and energy-efficient data center.

CDRFIAZ BE Facebook [CHIFD. TRILF—HEDRE, EHHRT —FEZ2H—DTHA
STRWSNR. XABZTHILETLD MOZOX(CHE T SERZHAT 5.
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3 Overview

When data center design and hardware design move in concert, they can improve efficiency
and reduce power consumption. To this end, the Open Compute Project is a set of technologies
that reduces energy consumption and cost, increases reliability and choice in the marketplace,
and simplifies operations and maintenance. One key objective is openness—the project is
starting with the opening of the specifications and mechanical designs for the major
components of a data center, and the efficiency results achieved at facilities using Open
Compute technologies.

T A= FTHAE/IN\-RDIT T - THAUMRALTEK £, ZSTIEIIERARZSN, £
o, BIEEEMERSEND., COBENZER T D/zsHIC. Open Compute Project (377202 —0D
ttw NEUTHEET DT ET. IRILF—HEBS LU OR MERY., TR (CH T DEREME &EIRDIL
K. TUT, ARL =232 EXADFTFOADBEZFEIRL T, I T, EDOTEEICIRDD
N A-—T>HMTHD, DFEDH., CcoTOZT U NI T—FE2F—DEEIR—F> MNIETD
ARV IBROABZHIL-THA > %2 A—-T>(C L. Open Compute 7./ O>—%=FANWB3T7U
T A TERSNZHERZEA -T2 ICLTNL,

Two components of this project are the data center electrical and mechanical elements.
Facebook's Prineville, Oregon, location is the first implementation of these elements in a data
center.

ZOTOZT O MEEKRTD 2DDIR—R hEULT, T—FEHF—(CHITDIESNREE.
W2 ERNH D, €U T. Prineville, Oregon (CH|FD Facebook DF—HFt>25F—(CHLT. &N
SDEZRMNYID TEREIND.

The facility utilizes an electrical system with a 48VDC UPS system integrated with a 277VAC
server power supply. The mechanical system uses 100% airside economization with an
evaporative cooling system.

CDOIT7SIUSF4 Tl 277 VAC B—/\—FBREHEFENEIND 48VDC UPS S XFAICLD., BR
RS AT ANNEREND., Fie. ABDZTHIL- ST ALAEULTIE, [UIERGEIS X5 LA'BEVE,
100% @ airside economization hYEHATND.

Facebook also deploys Open Compute Project servers at this facility, which use efficient and
innovative motherboards, highly efficient (95%) power supplies, and 48VDC backup power.
These technologies are discussed in separate specifications.

&5(C Facebook (&, DT 7= UF+ (CHULT Open Compute Project B—/{—%ZEET D, T2
Tld RZSHIEEFNRAIHT —R— RBEKXY. SHHTHERDEL (95%) B|IR. €L T 48VDC
Ny o7y T INDT—ENBND., IN5SOFT/OZ—(CDNTIE. FHlRANRY X THAETND.



3.1 License

As of April 7, 2011, the following persons or entities have made this Specification available
under the Open Web Foundation Final Specification Agreement (OWFa 1.0), which is available
at http://www.openwebfoundation.org/legal/the-owf-1-0-agreements/owfa-1-0:

2011F4R7HDEFRT. UTDA L WHE#EICKD. Open Web Foundation Final Specification
Agreement (OWFa 1.0) @ FT. COARDFIANEIGEICIRD Tz, FHlld. UTCHERETES !
http://www.openwebfoundation.org/legal/the-owf-1-0-agreements/owfa-1-0

Facebook, Inc.

You can review the signed copies of the Open Web Foundation Agreement Version 1.0 for this
Specification at http://opencompute.org, which may also include additional parties to those
listed above.

CDAARICEST S, Open Web Foundation Agreement Version 1.0 22 ADIE—(&.
http://opencompute.org TLEa1—MalEERD TS, TZI(CE. LU MIEFEFNIMEMIRE
. BilEN TV ESS,

Your use of this Specification may be subject to other third party rights. THIS SPECIFICATION
IS PROVIDED "AS IS." The contributors expressly disclaim any warranties (express, implied, or
otherwise), including implied warranties of merchantability, non-infringement, fitness for a
particular purpose, or title, related to the Specification. The entire risk as to implementing or
otherwise using the Specification is assumed by the Specification implementer and user.

Z @D Specification M. HRATZICKDFEAIFE. H— RIN—F 1 DIEFlCREEINDINELNRL. D
TRE. [BRROFEFE] TRMHEND. Fzo I MNIJE1—F—(F HS5DDFI (BARSBLUIEE
&) ZIERITIN. ZOHC(E. BREE U TORBERNMEIS XV, 1EFERE0EE. BEDEN
(CXI 9 DEEME. 51 L. D Specification EDEEMRENEZEND. D Specification &L
TEERRECHBIFBDIRDE. D Specification DEEREH LUV L —HF—DEE LD,

IN NO EVENT WILL ANY PARTY BE LIABLE TO ANY OTHER PARTY FOR LOST PROFITS OR ANY
FORM OF INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES OF ANY
CHARACTER FROM ANY CAUSES OF ACTION OF ANY KIND WITH RESPECT TO THIS
SPECIFICATION OR ITS GOVERNING AGREEMENT, WHETHER BASED ON BREACH OF
CONTRACT, TORT (INCLUDING NEGLIGENCE), OR OTHERWISE, AND WHETHER OR NOT THE
OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


http://www.openwebfoundation.org/legal/the-owf-1-0-agreements/owfa-1-0
http://www.openwebfoundation.org/legal/the-owf-1-0-agreements/owfa-1-0

4 Electrical Design

The electrical system uses 480/277VAC distribution with a 48VDC UPS system integrated with
a server power supply.

DB AT LATIE. U—/\—BREMBAHENDSND. 480/277VAC BeE L. 48VDC UPS =X
FTLAMEREND.

4.1 Codes, Guidelines, and Standards

The systems are designed to meet or exceed these standards.
ZDEZAFTAF UMTFDRIF—RICEBRTDED. THA>ENTULS,

- NEC: National Electrical Code with Local Amendments

- NFPA: National Fire Protection Association

- ANSI: American National Standards Institute

- SFM: State and Local Fire Marshal

- IEEE: Institute of Electrical and Electronics Engineers

- NEMA: National Electrical Manufacturers Association

- UL: Underwriters' Laboratories, Inc. or equivalent testing lab
- IES: Illuminating Engineering Society

- Local and State Building Code

CDIRTAGF MTFORIAH—RICEHITDLDS. THA> 2N TS,

- NEC: National Electrical Code & Local Amendments

- NFPA: National Fire Protection Association

- ANSI: American National Standards Institute

- SFM: State and Local Fire Marshal

- IEEE: Institute of Electrical and Electronics Engineers

- NEMA: National Electrical Manufacturers Association

- UL: Underwriters' Laboratories, Inc. BXUEEDFT I SR
- IES: Illuminating Engineering Society

+ Local KU State DEEEAEL

4.2 Featured Electrical Systems

In addition to standard data center electrical design elements (from grounding to transformers),
the Prineville facility features these electrical and related systems:

Prineville 77U« Tld, T—ATE>A—(CHBIFTDRIA — RIRESNTH A BR (BIHSZE
EET) [CHIXT. UTFTOESHRI AT ALV, ZNICEET IS IAFTAMMFHELDTWLSD



- 115 kV substation

- Diesel backup generators

- Main switchboards (MSB)

- Battery monitoring

- 480/277VAC distribution switchboards
-+ Server battery backup

- Power busduct system

- Nitrogen-based fire sprinkler system eliminates pipe corrosion
- LED lighting systems

- Reactor power panels

- Cam lock connections

Prineville 772 UF 1 T, T—FE2H—([CHEITFTDRI ST — RIZBSNT A ER (BRHSE
[EET) [CNMAT. UTDOBIHREATABLIU. TNICEET DI RATLAMFHELDODTNDS :

- 115 kV Z[EFR

T =L I\ Oy THREK

« XA XA wF-7h— R(MSB)
cN\wFU-EZHYD

- 480/277VAC BRI A v F - 7h— R
== NyFU—- Ny o7y
c N\D— )R RFT A

« BRENR-ZAOBEIARTV 05— (J\ATDREEZHER)
+ LED HBEA= X7 A

- Reactor power panels

- Cam lock connections

4.3 115 kV Substation

- A new transmission substation was constructed as the point of connection and power
delivery from Pacific Power to the site at a transmission voltage level of 115kV.

- FIUVEEZEFANEE SR & U THEBESIN. Pacific Power hh'SHaEN3EH%. 115kV OXEEE
LANJLICEWNT, B bAIICEDIAATNSD,

- Incoming utility is aerial from adjacent utility looped transmission line and circuit breakers.

- BHEITDIL-TREERET L —H—m5. BREZNTLT. ENMNHEENS,

- The substation consists of incoming aerial dead end structures, Pacific Power metering
equipment with KYZ pulse output, main disconnect switch or circuit switcher, and related
115kV distribution to three (3) transformer/distribution bays.

- COEEME. BHHGREORIGE UTEBRSINTWLWD, Fie. KYZ)ULREAZBVZ Pacific
Power MFtERES I XA DEMAAvYFEBERAAYF. TLUT. 3DDEE/DEBRAAD
115kV OHEN SR DII D,

- Each bay contains a power transformer and related 115 kV circuit switcher or SF6 circuit
breaker.

c ENTNONRA(CIE, BHEERRE. 115 KV WEDEEZA(vF,. €UT. SF6 JL—H—NE=F
nas.



- The 115kV substation equipment, power transformers, circuit-switching devices, and
12.47kV medium voltage switchgear was installed in a secured fenced yard on site.

- 115kV ZEFIOFMBH LU BHEERR. EIRAM Y FRE, 12.47kV FEXA v FFV(E, Yo
NRDERFEIR T T > A THEFNITIHBCERE SN TLD,

- Transmission metering is provided as per Pacific Power requirements.

- IXEA—4—(F. Pacific Power DHERFE U TREEIN TS,

- A main disconnect switch or circuit breaker was installed at the Pacific Power incoming
115kV dead end structure to provide a means to isolate equipment for preventative
maintenance or to perform equipment repair.

« AA DB A Y FEKLUT L —H—I(E. Pacific Power WNS4HEEND 115kV DfLimiESEY) &
UTERESNTLD, AT FUASNDHEDIERDS LG, RIBDIEEDZHD. FEZRMHT D,

- A circuit switcher was installed on the primary side of each power transformer. The circuit
switchers are outdoor 3-pole operated devices with SF6 filled puffer-type interrupter, driven
by a single, stored-energy mechanism. The circuit switcher is mounted on steel structures
placing the interrupter at bus level. The mechanism cabinet is accessible at ground level.

- BV FIE. ENENOBHEEZD—XAICEEBEEIND. TDORER1vF (& puffer 5
1D SF6 ZarEZHAC. BN TEREIND 3-pole T/\AXTHD., B—DEBANLZXLAIC
KOBREIEND. CDEERAVF(E NNALNIVCELRERET D, SKREELICYD> hans.

- Two 115kV - 12.47kV, 15/20/25 MVA, OA/FA/FA 65°C oil-filled power transformers are
provided. Voltage taps (LTC - load tap changer) are provided to allow for an adjustment of
5% above and below nominal voltage. The transformers are protected with lightning
arresters, thermal relay, liquid pressure relay, and differential relays.

- 2DM 115kV - 12.47kV, 15/20/25 MVA, OA/FA/FA 65°C S AIAEBHZEEZ#RNRMEEND. EXY
v (LTC-B8RFYT-FI>>v) MMEfeEn. ABEICHYA R E 5% A% (ETFIC) ZaJEEC
9D, TDEEZRE. BEHORIO. UL — BREVUL—. EZBHUL —TREND.

- Space is available for a future third power transformer.

- FERICHITD. 3IBEOEEFRBDIZHIC. AR—IADHERENTWLD,

- Grounding is provided to ensure the lowest practical resistance between circuit neutrals and
true earth; it is also provided to ensure safe operation of the substation with low values of
touch and step potential that conform to IEEE Standard 80.

- b, circuit neutrals E XM EDED, EEBNRMETZHR/IRICEDKD (CIEftE=ND. TNS
(&, BR/NDIEMZEAWCEEFROTZEINERA &, [EEE Standard 80 (C L7ehY S EFERI /AT REMEZ
REET DIeHICHBIRFEENTULD,

4.4 Diesel Backup Generators

- A single engine generator is dedicated to a single main switchboard (MSB) in this block
redundant scheme.
- JOvI{EENEREMEDORF—AICAID, 1BOXA> - XA vF - R—K (MSB) /. 16&OI>>
SHEM LRI D,
- The engine generators provide backup power to the MSBs, which distribute power to all
facility loads:
- Power distribution to server load.
- HVAC equipment loads.
- Interior and exterior lighting systems.



- General purpose power.

- COIDFEBHE MSBIC/\y Iy TENZIEHRL. ZINS. IRTOHRMICHECIZENN
NEBEEIND :

« H—)\—A\DDE

- HVAC #=fe\DDE

- BERSDERIAS X5 ANDDE

- —RXRYIREIFAN D E

- Generators are located in a secured exterior yard.

- REHE. BHAOTF1TIRBARICERESND,

- Weather enclosure only; no sound attenuating enclosure.

- MHEREDEWEB T DM, EEDIZHDELNIIR,

- Generators are solidly grounded.

- FEE EiTiEithensd,

- 30-hour backup diesel fuel storage belly tank.

- 30 KD DT+ —IVARD, TSI O CETE SN D,

- The engine generators are diesel fueled with standby rating 3,000 kW/3750 kVA, Class H
insulation and 125°C rise. Rated for higher elevation use.

- COITFBHIE. 3,000 kW/3750 kVA DD )\A -L— DT 1 —t)LTHD. Class H
DEST (@ ?) £125°C MEAZRMTD. R TOMLRICEL TULD,.

- Equipment monitoring interface:

- BMS Modbus interface for equipment monitoring.

- Critical operating parameters.

- BZHUTOERMBDA AT TR

- BMS Modbus 1 >4%—J 1A AICKDFBDE=F >,

DU+ DIVIGER/ISA—4,

4.5 Main Switchboards (MSB)

MSB board main breakers are 4 pole breakers to isolate the neutral phase between utility
power and generator power.

AL R—REULTD MSB JL—hH—(&. EHSHENSOEHE. REMNSDENICHITSD.
HEDB T DIEHD. 4 pole DT L—H—TdHD.

- Power bus configuration:
- 480 volt, 3-phase 4-wire, 5000 amp primary bus switchboards (MSB).
- Configuration is 6+1.
- Each MSB equipped with electrically interlocked main breakers.
+ Normal source breaker: Incoming 480V from pad-mounted transformer.
- Generator source breaker: Incoming circuit from bus generator.
- Swing bus breaker: Connection to the primary or reserve bus.
- Load bank breaker: Connection to Load Bank Switchboard (LBSB).
c N\D— )R- T4 —>3>:
- 480 volt, 3-phase 4-wire, 5000 X v F-7R— K (MSB)D—XfAl(CECE.
> TJa0L—23>ld 6+1,



- Each MSB equipped with electrically interlocked main breakers.

EEOERT L —H—: Pad-Mounted ZE23H'5 480V =8,

- REHWROERT L —H—: J\AHEHN S DOEEEERT,

- Swing N\ -TL—H—: A2 BB T DRINIESR

- B77/\> 2 - JL—H—: Load Bank Switchboard (LBSB) A\MDi&#zt.

+ Critical load bus: Segmented 1600A busses with interlocked circuit breakers.

- OUFHIL-O0—-R N 425 —0OvoSsnNizER I L—H—2ALT. 1600A /AR (CEITA>
~MEo

- Protective device AIC rating is 65 kAIC with pad-mounted transformer impedance specified
accordingly to limit the fault current.

- RET/)\A XA THD AIC DL — bMF 65 KAIC, TREZFIRT DI=H(CIBESN/=. Pad-Mounted &
81> E—F > A=W,

+ Automatic transfer:

- The normal, generator, and swing bus source circuit breakers are controlled operated by
an automatic transfer control circuit (AT) so that only one main breaker can be closed at
a time.

- The source breakers are configured for open transition in transfer of load. The transfer
module automatically controls normal source and standby source circuit breakers.
Programmable functions include time delay and abnormal power conditions (such as
under voltage and under frequency).

- BEMHRR

BE/FEM Swind \ZHMSDENEIET L —H—I(E. Automatic Transfer (AT) HIFEIEIEE(C
BAIND. TNUICEKD. XA -TL—H—RIN. 28z BB TEZ3LD(CD.

- WSDHDERERITL —H—H, XEBRCHIFDIA-T2RYIDBRDH(CA> T« IL—>3>
TND., COXRBEZ21—-ILICKD. TL—H—ERE(CH T DIRENRBIR & FRRERNE
EBHCHIHEND, TOTSATTRERMERE(C(F. BWFIFDEIRIRELES KU BELREIRDIRE

(LR TEEVRIRBORE) (CHITDIHUNEFEND,
- BT —TI) (X ZADEIHICHWNT. ENSDREFBRZAET DHIC. FIMEHOASZER.

+ MSB circuit breakers:

- Electrically operated.

- Draw-out type power circuit breaker UL 1066.

+ LSIG trip functions.

- Ground fault trip with zone selective interlocking to the main circuit breaker.

- MSB BT L —H—:

- BRHEM,

- Draw-out F-f 7DEREIRE I L —F3— UL 1066,

- LSIG kU THEgE,

c XA VAT L —H—(CH U T, #RMNAIEEREAEDEY -2 Z AV, BEEOYDEX,

- Power quality meter (PQM):

- Transient /impulse waveform capture.

- Incorporated into each MSB to monitor the normal and standby sources through
separate CTs.

- BHMEBEX—45— (PQM):

- BE . )VOLAICRE T Bk Z .

) —NIIWBLKURIIINADERZ. DNz CT ZNUTEZS I T I DD, ENTE
nao MSB ANELDIAF

10



- Load terminations are 2-hole compression type.
- BEHEI%R 2-hole DEMESY 1.,
- Surge Protection Devices (SPD) are incorporated into each switchboard. The SPD meets UL
1442 third edition category C3. Phase-to-phase and phase-to-ground protection is provided.
- Surge Protection Devices (SPD) &, ZNZNDAA v FR— RICERDAH, D SPD (. UL
1442 third edition category C3 (Ci#i&. Phase-to-Phase 3 & Phase-to-Ground 752
>3zt
- Equipment monitoring interface:
- BMS Modbus interface for equipment monitoring.
- Load amps and power.
« Circuit breaker position.
- Power quality meter data.
- SPD alarm.
- AT -auto transfer module data.
- BETHUTRBDOA A -TIT1R:
- BEZHIIREBDIZSHD BMS Modbus 1 >4F—T A1 X,
- Load amps and power.
cEBEIL—H— RS> 3>,
- BEREA—-Y—-FT—5,
«SPD 775 —L1
- AT (Auto Transfer) €EZa1—JL-7—%,

4.6 Battery Monitoring (Validation)

- Monitoring of each battery system is provided for status and alarm conditions.

- Bl DINYFTYU—-ZRAFLDEZH I D%, AT —HRET S —LDEIT U TR,

- Monitoring of battery jar.

- NyFU—REFICAIDIE=FI>T,

- Battery string voltage, battery discharge current, individual voltages, configured
temperature, individual resistance, inter-cell connection resistance, and inter-tier resistances
are monitored.

cEBZAUODMRIE. NyFU—- X NJTERES KU, N\vFU—REER. ERIDEE. KE
SNORE. ERIDIEG. ) LEOEGEETL. o 7ROEd.

- The battery monitoring system communicates status and alarm conditions to the BMS via
TCP/IP on the facility Ethernet backbone.

c J72UTFA (BT —PRY )\ OR—>ED TCP/IP ZT LT, Ny U—ERS A5 A
M5 BMS AN[AFT. AF—HFRETFS5—L7ZEH,

4.7 Server Power

- L22-20: 3-phase 4-wire 20 amp.
- Overhead 480/277VAC busways.

11



- Rack power distribution: 480/277VAC, 48VDC
-+ L22-20: =AHIUE 20 77 >R77,

- Ri&&EFOIZ 480/277VAC I\XAJ T 77,

- 480/277VAC, 48VDC DS UBLE.

4.8 Server Battery Backup

Open Compute Project servers in the data center are backed up by 48VDC battery backup
cabinets. For information, read the Open Compute Project Battery Cabinet Hardware v1.0
specification.

48VDC Ny U—- Ny oPv T -FrERY MMCKD. 7=t 5 —A(CEEENSD Open
Compute Project —/\—%&/)\wo77vF, FHICDULTI(E. Open Compute Project Battery
Cabinet Hardware v1.0 {1#%=S88,

4.9 Power Busduct System

+ Indoor 5000A busduct is constructed to each MSB from the reserve bus and the LBSB. This
interconnecting busduct provides for operation of the reserve bus in a backfeed operating
mode or load bank testing of any one generator.

- In the backfeed operating mode the reserve bus delivers power to any one of the 6
MSBs.
- System interlocking allows for load bank testing of any one of the backup generators.

- BAD 5000A J\R5F U bz, UY—-T - )AXBKLU LBSB h'5. fEl4ZdD MSB NEIFTHEE, 2D
HE([CESRSNZ)(RFTRMCELD., PHEEERT— RH30\IE. SEREMROER/\>T-FX
CHBFD. UT-T )\ZADARL -2 3 > =i,

- BIREERT— RTIE. 683D MSB OWLWITNMNC, UHF-T - J\ZAMNSEHZHE.
- SAFTLOMFEDEICKD. BERSBHOERE/\>2 U -FANIBITD. UT=T - )AADAN
L—>3>%%IR,

+ Indoor 3200A busduct is constructed to each MSB critical load bus from the reserve bus
switchboard. The busduct uses interlocked circuit breakers.

- BA®D 3200A /\RSF U &, UH-T - ){- XA vFR— RS, B&2dD MSB 27« 1)L )X
ANENT TR, \XDEMICE. >F—0OvoSNrzoigEd L —h—=EH.

4.10 Fire Alarm and Protection System

- Pre-action fire sprinkler system uses nitrogen gas in lieu of compressed air to eliminate pipe
corrosion.

- T 7O aiBREATI 05— AT AT INATOEEZHRT D2H(C. ERERIC
MR CTERHN A ZER.

- Online nitrogen generator.

- BEETEGISNIZER I A EREZ EH.,

12



- A VESDA air sampling system is provided for early detection for fire/smoke detection.
- REEEBRAICHKR I DIEHIC. VESDA T77-H>T U0 -2 X5 A% {ER,

4.11 LED Lighting Systems

Energy efficient LED lighting is used throughout the data center interior.
F—HC A —2EROAEICH T, BIHENZEDREL LED BIFZER.
Innovative power over Ethernet LED lighting system
« A—BXxw bED LED BIAS XFAICKD . EFHNREHHHEZEIR,
- Each fixture has an occupancy sensor with local manual override.
- ENTNOHERCH LT, O—HILTOFEA—/\—S4 REXRRITDcdDOLEF =i,
- Programmable alerts via flashing LEDs.
« LED OFRIC KD, TOT S AR S — hzieft.

4.12 Reactor Power Panel

- Line reactor reduces short circuit current < 10 KA.
cSAUTOI—(CKD, EREERERZ 10 kA BUT (TR,
- Corrects leading power factor towards unity.
H—NIEH NDRANEIFTZIEREHS,
- Reduces THD (total harmonic distortion) for improved electrical system performance.
cBRIATLADMEEZRET DZHC. THD (£2ERKEOT H) 2K
- Line reactor power consumption 360W.
cSA - UTOI—DEESEH(E 360W,

4.13 Cam Lock Connections

The 480V distribution system is equipped with cam lock connections that allow for
maintenance bypass of key components.

HA-Oy IEFRZAVTHERIND 480V DESZATAICKD. AFTFURARICHITDIEEHZIRD/N
1)\ R%ZEIR,

5 Mechanical Design

The goal of the mechanical design is a system with very low operating cost and a relatively low
installed cost when compared to a conventional data center. Energyintensive cooling systems
are replaced with far simpler and lighter technologies that allow for a ductless overhead air
distribution that can operate in an expanded temperature and humidity range beyond 2008
ASHRAE TC9.9 guidelines (see Figure 1).
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CDAAZHIL-THA2DENE EROFT -T2 —EDHRICENT, ZOERATIX hbaA&(IC
SIETF. Fzo A2 b—)L- DX MZEMBSEIETIFDEND, ZRICHD. ITRILF—ZRE

(SHEIHHRE(G. FDIMNCS2TILTEBNETY /O —(CXhEEHmI5ND. TNIE. 2008
ASHRAE TC9.9 - RS> ZBR e, BEELREDL > ZICHWTGERNTIREER. ¥U ML ADES
BenZzZRUIZEDERD (Figure 1 Z8H8) .

We went beyond ASHRAE guidelines because we're using our own custom servers (see other
Open Compute Project specifications) that we have tested, and are confident that they will
operate within our dictated lifecycle.

Fhr=Bsh. ASHRAE B+ RSA > ZBX ICEIBCRE I IIBA(L. BRI CHR - MBRULCEIEhHRS
In-H—)\— (fttd> Open Compute Project {1#k=SHR) ZFERALTHED. £z, eNsSOY—/(—N,
IEBENRET DS ITTATILDOPT., BERKBEITDICEZHEL TWVDRICHD,

5.1 Mechanical System Design Criteria

The data center was built with the following internal and external environmental conditions as
guidelines.

DT —FEI—F. BASIUBHORIBRMGICETDHARSA>EULT. UMTOEEZRANT
BEINTND,

5.1.1 Data Center Conditions

- Cold aisle temperature controlled between 65°F and 85°F

- J—=I)LR-77A)LDORUREZ. 65°F ~ 850F (18.33C~29.44C) (> bO—)l,
- Dewpoint minimum 41.9F

- RIRFER(E 41.99F (5.50) .

- 65% relative humidity (RH) maximum

- iR AMEIHEE (X 65%.

5.1.2 Outside Air Design Conditions

OA conditions at the Prineville site are ideal for using an evaporative cooling system.

- Summer: 110°FDB (dry bulb) maximum, 70.3°FWB (wet bulb) maximum (105.6°F is the
50 year extreme maximum and 70.3°F is the worst recorded WB temperature between
1972 and 2001 in Redmond, Oregon per ASHRAE)

- Winter: -30.8°FDB, 50%RH, 0.55 grains (50 year extreme minimum per ASHRAE)

Prineville Y1 MMCZ#1F73 OA (Outside Air) &4 (&, SUEBVSEIEEOFI R (CIEIEN,

Summer: 110°F (43-33C) DB (dry bulb) &AfE. 70.3°F (21.28C) WB (wet bulb) &A1&,
(105.6°F (40.89C) M. #@E 50 FHECHIFDHmETUE. 70.3°F (21.11C) H¥ 1972 ~ 2001 (
H1FB. Redmond, Oregon TD WB SUBDERELHR. - ASHRAE (CK D)

- Winter: -30.8°F (-34.89C) DB. 50%RH. 0.55 JL->. (% 50 FHICHITIREKE. -
ASHRAE (CXD)

Note: Design data is based on published data for Redmond, Oregon, which is the closest city

to Prineville that has complete information available.
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Note: %5t —4(F. TDOETHFETIEER. Prineville ® M&ZE D TdHSD Redmond, Oregon TA
KENET—FICEDNTULS,

5.2 Outside Air Operating Conditions

The operating conditions of the different installed systems (economizer, direct evaporative
cooling, and humidification) vary based on the outside air (OA) conditions. Figure 1 is a
psychrometric chart indicating where these conditions occur. To better understand the
sequence of operations, see section 6.

EINEND. A1 >AM—=)LENz> X5/ (Economizer, EIEMRSTIEBLVGE]. IERE) OERSF(E.
R (OA) REEICIE U TEFERBD ERD, Fifure 1 (&, D UERENEISRISINDERIELUR
ESUERTH D, BRICBITBDS—I XA %IBFET BI2HICIE. Section 6 ZEBD &,
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Figure 1 Design Psychrometric Chart
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5.3 Mechanical System Concept

The mechanical system basis of design utilizes a direct evaporative cooling concept where no
chillers or compressors are needed for cooling the IT load. The design utilizes a built-up system
where the mechanical airside functions are located in a field-constructed penthouse.

SHAZCEEIDANZAI-ZRATLAOERELUT, IT BEZESH T DIEHICANSNTEEFS—

PIAT LY S —NRER, FA LT MSUEBSHIOI> T hZFIRYTS. DT> TR R
WTHAIZITENDRY MN\DIAIC, TF79A RARESND EWLD, built-up S XFADFIHEEIN
Do

5.3.1 Built-Up System Advantages and Disadvantages

A built-up system (penthouse design) has advantages with construction and operational
serviceability.

Built-up ZXF L (RO MN\DX-FHA2) (F. BEERADRTHICSITIBASZRD.

Construction Advantages

- Reduced footprint of mechanical room.

c ABZHILIL—=LDTY RTU > MR,

- No field ductwork required; air is distributed with plenums.

- IR TOS U MUBHAE, [UIEECKDZESZHE.

- Lower potential for roof leakage that can penetrate into the data center compared to roof-
mounted AHUs.

< I)L—T-XDU> hENIZ AHU DIFEELERU T, 7 —FE>F—RITERELMNMARL. MRDDRIEE
472 KRk

- No exposed piping on the roof that can cause access, potential leaks, and reproofing issues.

IL—T LOBEZHFRIT D ET. MBNIRARIEFZ ITCAB LY. KD, BISFREDORREEZR
ko

- Less required equipment redundancy, which can result in a lower construction cost.

REICH DR ZER. TNICKD. BEIX bOERZEIR,

Operational and Maintenance Advantages

- Enclosed interior space makes service and maintenance better than being exposed to
exterior elements (cold winters and hot summers).

- FEOREZE A>T UPZER-ICERDIADC ET. ENSHABRCEKRBEINEBES SR LU T, b—E
AEATFORADBZETZRR (BOREZVE(CHA)

- Less likelihood of mixing relief/exhaust air with outside intake air.

- BRI ENDIZERE. BANSDZED. REBEIRNESZIER.

- Longer life expectancy than AHU casing based on the AHU's exposure to outside elements.

- BAMCIREND AHU —> >0 EHE LT REAMICH KSNERNEIRE.

- Less maintenance cost (door seals, control cabinets, etc. exposed to weather).

c AT F A -DAXAMDER (REREFG(CHIST DZHD. R7Z(ICKDHEN., I> hO—IL-FrEXR
v MR E)
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- Easier access to service and maintenance of damper actuators, fans, starters, VFDs,
humidifiers, and controls.

cAUIIN—EEBYW, TJ7>. RY—F—, VFD. O> bO—ILRED. H—EXBRUAFTFAD
B5%.

Built-up System Disadvantages

- More reliance on mechanical contractor capabilities to field assemble and install a quality
system.

CIRMTOTEITILBRUA A M—=)UBEDOR LEDEH(C(E. XAHZHILE TOBEENICHT B,
KO EDEEENE,

- Drains required for direct evaporation/humidification will most likely need to be located
below the roof and thus will require double containment and leak detection.

A LD MRSUERSEI SREARCHERRE (F. XRAECRBESNDIVNEN DD, —EDIE
ME. U—DDREENE,

- Scaling is limited, as unit count must increase to match built-up system capacity and
redundancy.

- Built-up > XAFLADBEENEYICHEESE D ZHIC. 12 MIDIBANRERMGED., AT—)L
(CEAT BHIR.

5.3.2 Airflow Overview

DUCTLESS RELIEF

RELIEF AIR
< AlR
—
% DUCTLESS RETURN
RETURN AIR AIR
- __ ...... | .......... = g N o e omw s omm s omm o owm s i
N
—> —> 8 —> !
100% OUTSIDE —> | —> { —
AIRINTAKE ~ —> | —> __X —> ]
; | B | DUCTLESS ;
: g { SUPPLY .
MISTING FAN
SYSTEM WALL

Figure 2 Airflow Overview

. Outside air (OA) enters through vertical drainable louvers in the penthouse.

. The air proceeds into the OA intake corridor.

. OA mixes in with data center return air and passes through the filter bank in the filter room.

. Air enters the evaporative cooling/humidification room and may get sprayed by the misting
system.

. The air passes through mist eliminators to prevent water carryover.

. The air enters the supply fan room, and gets pushed down the supply air openings to the
data center cold aisles.

A WNBR

[© 2B
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7. The air enters the front of the server cabinets, passes through to the contained hot aisles,
which then enters the return air plenum. The air then is returned back to the filter room or
exhausted out of the building by natural pressure and/or relief fans.

. Outside Air (OA) h'. BEHIKIL—/(—&@BL. R> NN\ \DIIATHEA.
#EWVT. OA IRSEIEFANFBE),

.OA (T —F L H—NDESERUEERERESN. T1ILIEDI 1 ILF I\ O%ER,
SRATNEZESE. SUERVSEDCEERAEOEANRE., 2L T, S AN AT AICKDERE.
XL KDEMDBRL ZHIC. S A NGREEEXIER,

CERE. TP AMEREABE), T -T2 AY—DO-)LR-FAILOESEEONEIF T TvS 1,
BRI B—/(—-F v ERY hORIEABE UIEE. Ry b TP1I)ABIFTH—/\—AZ@E#, &
5C. I7—TLF LA BREDBRENEN) ABE, HiL\T. [REEB UL (SIHBIT 7> (C K
D. T1ILIEADEREBHANDIERC T EE

NOoOuUuhAWNR

5.3.3 System Functions and Features

The system is designed to provide the following functions and features:
CDERAFT A UATOMES SMFEERIRI D EHICTHAI>END

Full Airside Economizer System

- Can obtain free cooling whenever outside air conditions are favorable.

- ARNFEREOBEIC(E. DU—-O—-UDRER,

- Provides very significant operating cost savings, especially in the high desert climate.

- EDODF. WIREDOKREMH(CHNT, KiFRERIR hoHIRZEEIR.

- Dampers are situated so that there is good mixing and to avoid moisture issues when the
cold outside air mixes with the relatively moist return air in the winter condition.

c BEQR[IFREMHCENT, HENICEEE LIRDT—/—ENSDERIE. BEANSOEINES
SNBIRC, BEIRRREFIAL. Fo, KEKOREZHRT DZHC. 2/ - BREEND,

Filters

- MERV 13 (ASHRAE 85%) cartridge filters with low initial pressure drop and high dust loading
capability will be provided. The filter system has space for 2" pleated 30% prefilters. The
filters can be upgraded to MERV 14 (95% ASHRAE). However, the pressure drop increases
from 0.27"SP at 500 FPM to 0.36"SP.

- MERV 13 (ASHRAE 85%) H—hUw=- Do )LF—(& FHAEDIERERL. SERIOVIE
BEENZIRMBT D, CDITAII— AT AL 24>FDTU—=Y (OR) OEMZFS. 30%
DTV -TAIBFIT%TD. 723, MERV 14 (ASHER 95%) ([C77v L — RN EJEE, LM
L. ZDFBEICIE. 500 FPM BFDEHELM. 0.27 SP 1S 0.36 SP £ THEM.

High Pressure Atomization
- High pressure pumps and atomizing heads provide both evaporative cooling and
humidification.

- BERTEBI ) )L-AY RICEKD. UEBUGE EIEMBEDIR S Z 121,
- System is fully modulating.
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- BEICEZ2A-IUEESNTZERT L

- Redundant softener and reverse osmosis (RO) systems with distribution pumps and piping
to each built-up AHU system.

c RORFEH (?) BRUHRE (RO) AT LE. DEIRTDEAEDE. TNTND AHU =
A7 L%, B TERE.,

- The softener and RO systems require maintenance; the atomizing heads require
replacement after approximately 10 years.

- EEH (?) & ERESRT AR ADTFIORANRE, DFED. 10FET. Bfn/ )b-AY R
3R,

Supply Fan Systems

- Low operating cost, direct-drive plug (plenum) fans.

cAALD S s RSATDIMET 7K. ERIXR bZKRK.

- Fan array fed by three electrical busses at N+1 redundancy.

- J7 DB UT. N+1 OINEMZF > =1/ (A (CKDEHZMHE,

- Fans are controlled with VFDs to minimize the operating cost, as the load and fan pressure
requirements vary.

- D7 VEHEEREIICET IBMNSHRIIZH. VDF ZRAWCHEIEICKD ., EAOX he&/Ivt.
- Fan array minimizes penthouse area.
- D7 2DEHICKD. R MN\DROomEEZE/IME.

Complete Hot Aisle Containment

- Center and end aisles are considered to be cold aisles to keep as much of the area as

comfortable as possible.
< VAILDOFRMNSHIHETCZ. I—ILR-PAILICTDRDCHRET U, POBE/RT D 7 Za]ge/ahE DA
<HRIDLDICTD.

Relief Fans
- Fan array fed by three electrical busses at N+1 redundancy.
- D7 2DEFICH U T, N+1 OTUEEZR > e =1/ (R (CKDEHZ S,

- Fans are controlled with VFDs to minimize the operating cost as the load and fan pressure
requirements vary.

c D7 ENEERICEATIEHN SRz, VDF ZRVWEHIEIICKD. EAIOX bV,
- The fans discharge through hooded automatic dampers to minimize the possibility of
moisture penetrating into the space.

- T 2SO CDORR-X(CKEZEIDADIAATL DaEEMZR/INCTBDEHC. T— BT
SDEEBY > /I—ZN L TITOhNS.

Buﬂdlng Management System (BMS)
Distributed system provides redundancy in case of failure.

- DEBIRATFTALLCHITD. BEICRIIZIEEDRME.

- Direct Digital Control (DDC) based. Provides all control, data logging, monitoring, and
alarming functions required for the mechanical systems.

- Direct Digital Control (DDC)’&EZIKCWZ)O Z@Xb_jj)b SATALATREEEND. INRTDI
> hO=-IBKU. =700, EZHUD, PS—LREDHEEZIREH.
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- Interfaced to the electrical components and provides monitoring and alarming of critical
points.

- BRROR—RD MDA A—=TTAANEREN, BEELGRA > MNIHIFBDEZAUT &
75— L,

- Interfaced to the fuel systems, VESDA, and fire alarm to provide monitoring and alarming of
critical points.

« RIS AT AB KU, VESDA, NKEZBR(CH T DA 2F—TTAANEREN, BERIIRA > MMIH
\TREZAVUT ETS— Lz,

- Does not monitor data center power use at the server level.

- H—)(— - LNILTEAESND. T2 —DHEBENEFEZFU T UL,

Other Items

- Major equipment is controlled with VFDs to minimize operating cost and to allow the
systems to accurately match the load.

- BRAOX bOsIMEE, BEICHTIRERIRATLAZEIRTDEHIC. FEREEZ VFD (CLDHT
> kO—=JL,

- Redundancy is provided for major equipment so that on loss of any single electrical bus or a
mechanical failure, the full design capability is still available.

- BRI ADEEHDWNVEADZHILREEZ(CHZ T, FELGHSRICAREMEM NS CET. 75
A 2RO IERZ EIR.

- The direct evaporative system is supplied primarily by an on-site well and secondarily by the
normal city water distribution system. Both sources feed into a storage tank. The storage
tank provides 48 hours of water in the event well water and city water sources are
unavailable. The water storage tank is not insulated, and there is no bubbler to keep it from
freezing.

- AALU RRUERS R LANDKEEE, 8 LICIRMMDMTK, 28 2(CEM EKEEIRD. RADIK
S, BB IICRATD. Fie. #TFKELKENFBATERWNEETE. COTBY>IH
5 480FE D DKM EIND. CDETES > U (HEFRSNTULRW, Fz. BiERLEDzd D/ T
JVRBEBRH SR,

- Piping outdoors is insulated and heat traced to protect it from freezing. Systems that will be
drained down during the winter would not require freeze protection.

- B ORE (RSN, £z, HREFHILEDTZHDNEIIIRRENRMHEIND., BB, ZFCHLTIE,
SAFLMSKEIRNTUED ZET, RIERENRE(CIRDIZSE D,
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6 Appendix A: Psychrometric Sequence of Operations

The following is a detailed psychrometric chart describing outside air conditions at the Prineville,
OR, site.

BUF (&, the Prineville, OR B« hONGRI>FT 1> 3> %R9. FHNZEREKRTH D,

[

7EEC : psychrometric chart =/2ERIZEK. psychrometric diagram = Z&HRE

o

-

VITESSE COLD AISLE CRITERIA
65°F TO 8O°F DB

41.9°F TO 89.0°F DP

MAX 65% RH

o3

NOGSTURE PCRACUND OF DEr AR

L

ASHRAE GUIDELINES
§44°F TOB06'F DB
41.8°F TO §9.0°F DP

MAX BO%RH UK
=5

TN - GRARG OF

»

A
)

o

2

(Rl
<
]

Y B TR AT e

OUTSIDE AIR OPERATING CONDITIONS

Figure 3 Psychrometric Chart, Outside Air Operating Conditions

Condition A: <52°FDB and <41.9°FDP

- Economizer mixes OA/RA (return air) to control to 65°F SA (supply air) to cold aisles.

- Direct evaporation system provides required humidification by staging/modulating the
evaporative cooling/humidification system.

- The supply air and thus the cold aisle control to maintain 54°FDB and 42°FDP minimum.
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« J—J)LR-774)LIC659F SA (supply air) Z##59 D7=s(C. Economizer (CKD OA/RA (outside
air / return air) MiE&R %= k.

- SUEBBIDSGH/RE - ARSI AT L%, ZERAHDVNEES 215 —KICTDIZET, BEESNDIE
El#EE.

WK EES. O—ILR-TAILDIBE%R, 540FDB and 42°FDP minimum (C3J> bO—JL,

Condition B: >52°FDB and <41.9°FDP

- Economizer at 100% OA.

- Direct evaporation system provides required humidification and/or cooling by
staging/modulating the evaporative cooling/humidification system.

+ The supply air and thus the cold aisle control to maintain 80°FDB maximum, 65°FDB

minimum and 43°FDP.

« Economizer %Z OA 100% (CEXTE.

- SUEBRABIDGHIRE - ARSI AT L%, ZEADDVNVEES 1S —KICTDIIET, BEESNDIE
EICEE.

MR ES. O-ILR-TAILDIEE%R. 65°FDB minimum and 43°FDP(CJ> bO—)L.

Condition C: > 65°FDB (-fan heat) & > 41.9°FDP & < 80°FDB (-fan heat) & < 59.0°FDP

& <65%RH

+ Economizer at 100% OA.

- Direct evaporation system is off. No evaporative cooling or humidification is required.
+ The room supply air is within the envelope defined by the conditions above.

- Economizer & OA 100% (ZE%5E.
- SUELRBIDIGENIS A7 % OFF, SULBABIDSGENRE « AR AT AIIARE,
- BRGNS ZESE. LSRR FICKIDTERE.

Condition D: > 80°FDB (-fan heat) & > 41.9°FDP & < 65.76°FWB
- Economizer at 100% OA.
- Direct evaporation system provides required cooling by staging/modulating the evaporative

cooling/humidification system.
- The supply air temperature and thus the cold aisle are controlled at 80°FDB and the

dewpoint is allowed to float between 42 and 59°FDP.

« Economizer %Z OA 100% (CEXTE.

- SUERBIDSGEHEE - ARSI L%, ZEADDIVNEES1S—RICTDIZET. BEBEESINDE
EICEE.

- BRICHHEENSD. J—ILR-771ILNNDES%Z 800FDB [CERTE. /e, %, 420FDP ~
S590FDP (CERZE,

Condition E: > 80°FDB (-fan heat) & > 41.9°FDP & > 65.76°FWB
- Economizer at 100% OA.
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- Direct evaporation system provides required additional cooling, if necessary, by
staging/modulating the evaporative cooling/humidification system.

- The supply air temperature and thus the cold aisle are controlled at 80°FDB and the
dewpoint is above 59°FDP.

« Economizer %z OA 100% (CEXTE,

- BEICEUT, fAERBDSGEHEE - R AT L7, ZERAHDIVNEES 1S5 —RICTDIET.
IR IRBEN 2= Ehife,

- BRICHBEINDB., O—ILR-TAILADZEST % 80°FDB (CF&FE. e, Bk, 59°FDP LU (T

B
iEo

Condition F: < 80°FDB (-fan heat) & > 59.0°FDP & > 70.3°FWB

- Economizer mixes OA/RA to increase cold aisle temperature as necessary to reduce cold
aisle RH to 65%RH maximum. The RH overrides the temperature control to maintain
65%RH maximum. The supply air and thus the cold aisle temperature are controlled to
65°FDB minimum and 80°FDB maximum.

- In this condition, room dewpoint (DP) is >59.0°FDP.

- Direct evaporation system is bypassed. No evaporative cooling or humidification is required.

« J—=J)LR-771JLD RH Z. 65% RH maximum (TAEF I D/z(C. T—ILR-TAILRBRZBE(C
J&U T, Economizer (CKD OA/RA =W, 65%RH maximum ZifRF9 D/zH(C. 2D RH
B RERRECHUTEET D, BERICHHEENSD. O—ILR-T7MILADZESKZ. 65°FDB
minimum and 80°FDB maximum (ZiE%&,

« COERMFICHBNT., EADESRZ >59.0°FDP (JFRZE,

- SUEBBIDSEIS X7 L7711 )R TALRBIDGHEN/EE - AR AT AFAE,

Condition G: > 65°FDB (-fan heat) & < 59.0°FDP & > 65%RH or < 65°FDB & >
41.9°FDP & < 59°FDP

- Economizer mixes OA/RA as necessary to meet 65°FDB minimum or 65%RH maximum in
the cold aisle.

- In this condition, room DP will be <59.0°FDP.

- Direct evaporation system is bypassed. No evaporative cooling or humidification is required.

« J—JLR-771JLD RH %Z. 65°FDB minimum or 65%RH maximum ([CESEE3zH(C. »mE(C
5T Economizer (C&D OA/RA SR,

- COERMICHBNT., ZEADERZ <59.0°FDP (ZFRZE,

- SUERBIDSGENIS A7 L% ) A )R, SUELBBIDSGH/IRE - A X7 AFAE,

Condition H: Unacceptable OA Conditions (Smoke or Dust)

- Economizer at minimum OA (recirculation mode). We acknowledge that this is a condition
that can cause potential shutdown. We already have filtration installed and will run
evaporative cooling at full capacity to reduce smoke and particulates in the event of a fire or
contamination. Then, depending on intensity, we can utilize time for orderly shutdown, or
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else run for a prolonged period of time at minimum OA. We have a provision for a closed-
loop system that uses indirect cooling; see section 7.

- Direct evaporation system provides required additional cooling or humidification, if
necessary, by modulating the atomizing system.

- Economizer @M OA ZHR/NIKE (BRERE—R) . COOA>TA>a>(CHBUVTE vy D
U BuIEEEDRR. BTEA (T ILYEREDS ?) ZRMDMTEH. =5(C. NBDERD
KRTE, EEMRTFERSITEHIC. [EBSEZ TILIND—(CUTHIEDFE. HULT. TDLE
PMRIFOE(CIEU T, FIBICAI >z vy MO EUL (& &)\ OA (CKDRFHEDERZIER.
e, BiENRSEHERWE. JO0-XRIL—T -2 RFLA0TOES 3 > JErEE. M.
Section 7 ZZ8RD &,

- HALD MRERICBSEHIS AT AlE. TDSASTLZRE(ICIEU THRDEI T D ET, BB LE
EOFAZICHNT. BIOBHICERESTES,

Note: The fan heat will vary depending on the position of the bypass dampers around the
indirect coil and the direct evaporation systems as well as the conditions of the filters. With
clean filters and direct systems in bypass, the fan heat should be about 0.62°F (AHU system
with all units on). With no bypass and dirty filters, the fan heat should be about 1.46°F (with
one bus failed and thus some AHUs off).

Note: 51 LU MISALEGENS RF AlF. TDIRFLZRBECISU THDE T DI ET, BHIB X
CEEDRFRBICHNT. BIORHCERIETED. TJ7NSORME. BEIANILOSIGYLD

RUEBSEIS R ADERICERESND. /AT ))\—DRT2 3 > ZIFTIERL. TaI)L5F—
DRE(C LD TERELKEILTDBLEBEDS. TAIWI—MNIU->2THD., Ffeo LI SRFTA

PINAI)CRAENDIRS. T 7 > DEUFE 0.62°F RIR(C/RD(ET T (AHU S XF AL, IRTOIZY b
M ON DIRRET) » TAILY—HEN. J\AJCZAMMTONIRVMBE(CIE. T 7 > DE(E 1.460F RIEI(C
123 (1 DD/ NANEEZL L. AHU HY OFF DIRRET)

7 Appendix B: Indirect Cooling

One option considered but not implemented at Facebook's Prineville site was to use indirect
cooling, which uses cooling coils that are piped to open cooling towers with condenser water
pumps.

Facebook @M Prineville B MZHWT, &EF(EIUIEA. ERURHD S ZOERKED 1D&E0LT. O
FoHY— O =S RO TET—U T - AT—(CINA TR SND. BEITA L= ERHERISED
ST NGB B

An indirect system can provide sensible cooling to bring data center recirculated air from 100°F
down to 78.5°F (80°F cold aisle -1.5F fan heat) when the outside wet bulb temperature is
66.0°F or lower.

66.0°F L FZRUIZEE(CARENL. T—F > F—AZEMERT D 100°F DZESKZ. 78.5°F (80°F D
J—=ILRTZAILDBE T 7> DEETHD 1.5F ZEU5BILK) (CBIETIFRIHEHS AT LD ETHD.
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Note: 66.0°F WB was chosen as this allows the system to control to 80°F cold aisle while
supplying 72°F water to the coil, which makes the cooling tower selection a reasonable 6°F
approach and keeps the coil air side pressure drop to approximately 0.65"SP; basically
optimizing the cooling tower and coil. 66.0°F WB is 2.7°F above the ASHRAE 0.4% WB design
of 63.3°F WB, indicating that there is a good safety factor to allow the overall system to
maintain conditions within the ASHRAE guideline envelope of better than 99.6% or 8725 hours
of an average year.

Note: ZZT. 66.0 WB WMBIREND &, 720F DKE DA ILICHIE L TLWBREIC, THOZRXFAICEK
DO—)LR-7AJLI&E 80°F (CO> bO—ILEND, DEDH. U—-U>T-HT—(C &> TEYGR 6°F D
7IO-FHBIREN. 1)L IT7— P4 ROKEZ. 0.65"SP (FEBIE TS BIRENHIFEND,
SEWNMEINE, ZOO—-UD-AD—-EOA0IILICHUT,. BERNRREEIEESN3C&CRD. &
d 66.0°F WB (&. ASHRAE DIRETHD 63.3°F WBLDE. 0.4% (FEFL), 2.70 EVWSHE(C
RO TWB. DED. HINRFEMBEFRHOFSEFZ. 99.6% HDL\(E 8725 BREIETIAIF TS,
ASHRAE DA RSA>EKDEFNILANILT. 2RSS A5 L%ZFiRT D EZTEER. B2DzH
DEEZFTIZLUTVNDZ EICIRB.

This capability would therefore allow the system to operate in the non-economizer mode if
there is an outside atmospheric problem such as smoke or dust.

LIERA DT, COSRF AL BHAOESITED/RO VR EDORIRENE D TULBIHEE(C. non-
economizer E— RTOIRFTLADBEZAREICT BIEB S,

The indirect system would allow the overall cooling system to stay within the ASHRAE data
center guidelines of 60%RH and 59.0°F DP (dew point) maximum up to the ASHRAE extreme
maximum of 70.3°F WB with a coincident of 110°F DB (this high a DB has never been
coincident with the 70.3°F WB).

CDREHENIRS X T Ald. ASHRAE DF—FT > —-HA RSA2ICHITD. 60%RH and 59.0F
DP (Bm) EWSLAN)LZEMEFFL. 1100F DB EWVWVDSEMA(ICHUVTH. t2(dD ASHRAE DERAXETHD
70.39F WB (CHXIETE 2 (this high a DB has never been coincident with the 70.3°F WB) . &K
NIXRENS AT L '2RKRT D,

Bypass dampers could be installed at the cooling coils so that when the conditions are such
that they are not required, they will open and the supply fans can then work at a lower
pressure drop, thus saving significant energy during the year.

COBENIAAILICE. INANR-AU)—HEESNTHED. TNSHIUNEESNBRVERAICTHNTIEEH
BWEn. £, Jr7>2Mean. KDBEVWSETOEEHMNERIREND. ULER> T, EEDIEZRET
DL, SHOTAEOIRILF—HEHNEIND,

The cooling towers could have VFDs on the fan motors, sweeper piping in the basin with

filtering system, and a non-chemical water treatment system. Due to the freezing climate they
would need to be drained in the winter.
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ZDO=V2T-BFD—(CF. T72E—F—LD VFD XU TAIWFUT - S RFLAZRAVNDZIT
MATOEEBR. €U T, {EF(CERFURVKLIES A7 AR END, Fe. FFCEF Kaik
ZTLET. REZRNDIESS,

The system can use an N+1 redundancy for the cooling towers and the condenser water
pumps, but not for the water distribution piping systems. It seems very unlikely that the space
conditions would be compromised if there were a leak with a possibility of a high RH condition
for perhaps a few hours. The likelihood of a leak that could not be repaired within a reasonable
time is very low and this system would only be used to avoid high humidity problems and to
handle unusual dust or smoke conditions, which are infrequent. There would be one tower and
pump for each electrical bus.

CDIRAFTATE O9—-UT-AD=E02FT 28— D04 =5 ROT(CDVTIE N+1 OTLEMENE
BEn3H. KDIESHDEE(CDWTIE. ZDERD TRV, #HIFHICHIFDE RH Z4T TRAKDH
BEMEN DD TH. WRERDEMNMIBCRDEFBIRAN, BTSL, FYHEEXSNIEBAIC,
EENTEERRANDNE UBTEEEIHEL . F£e. COSXXFTANEHEINZDIE. EREDHEZ O]k
FREEY, BEQEY/RIOVUZLIET IR THD., TNSE#THD, TNENDOET/ (T U T,
1DDEAT—ERTNEIDHETENDESZ S,

In order to minimize piping runs, the cooling towers can be located on a roof, particularly if a
built-up outside air system is selected; however they could be located on the ground, if desired.
For sites implementing rooftop air handling units, the towers would have to be located on the
ground because of space limitations.

ReEZ &/ ROMMRICINGD B EH(CE. EDDIT. HREABDI AT LAZEET DRCIE. BLECT
— SO T—REIT D ECIRDN. RRICIECT, TNESZM ECHBEIT D EEAREER D,
Fre. BECI7—)\ORUSD-IZw hERET DEHICE. AR—XDEFHENS. TNSDH T
— & F(CEREITDHRBEMNECDIES S,

The indirect coil would be fully active in the following outside air conditions (as per section 6):
- Condition E: >80°FDB (-fan heat) and >41.9°FDP and >65.76°FWB
-+ Condition H: Unacceptable OA conditions (smoke or dust)

RHERNSEIILIE. IFONKS I >3 a>(CBNT. BRICTOT 4 TTIRB1Z3S (as per
section 6):

- Condition E: >80°FDB (-fan heat) and >41.9°FDP and >65.76°FWB

- Condition H: Unacceptable OA conditions (smoke or dust)

In these situations, the cooling towers and pumps would be on. Condenser water temperature
would be controlled (cycle on towers and control tower fan speed with VFD and stage pumps,
and control pump speed with VFD) to maintain 80°F (-fan heat) cold aisle temperature.

272 H—KERE. I—-ILR7AILDOSUEZ 80°F (- J7 &) ([CHFIBILDIC. O> ~O—IL

(DID—CBIFBEEYAIILET 7 REL. VFD EXFT—/ROFICKDI> bO—-)LEn., F/z.
ROTORE(L VFD (CELD O hO—)LEND) =NdE3>5,
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