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The Jaguar Cray XT5 System 

200 Cray XT5 Cabinets (25x8) 

48 Liebert XDP Cooling Systems 

37kW/cabinet – 7.5MW Total 

184 ECOPhlex-cooled Cabinets 

16 Air-cooled Cabinets 

4500 square feet (system min. only) 
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The Kraken XT5 System 

88 Cray XT5 Cabinets (22x4) 

• 20 Liebert XDP Cooling Systems 

• 37kW/cabinet – 3.3MW Total 

• Complete ECOPhlex-cooled Solution 

• 4-cabinet/XDP and 5-cabinet/XDP 
Configurations 

• 1800 square feet (system min. only) 
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National Center for Computational Sciences 
- Preparing for two large Cray XT5 systems 

• 40,000 ft2 Aggregate Raised Floor Capacity 

• 20MW Electrical Capacity (revised) 

• 6,600 Tons of Chilled Water Capacity (revised) 

• 1.5MW UPS Capacity (revised) 

• 2.25MW Generator Capacity (revised) 
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ORNL Leverages TVA’s Robust 
Electrical Infrastructure 

External grid Local distribution NCCS and NICS Facilities 

7640 substation 
(280MW) 

4000 substation 

Bull 
Run 

Ft. Loudon 

Kingston 

Computing facility  

Visualization 
theater 

161KV 13.8KV 
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Utility and Electrical 
Distribution Upgrades 

•  Upgrade ORNL 7640 electrical 
substation capacity from 210 
to 280 MW 

• Install two 13,800V 
distribution lines from 7640 to 
the NCCS 

• Integrate new distribution 
lines into existing switch gear 

• Harden the distribution 
infrastructure, eliminating the 
dependency on the 4000 
substation 
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Transformers and Switchgear 

Electricians work to position a 2500kVA 

transformer, one of two that will provide 
480V service to the NICS Cray XT5. 

Distribution equipment arrives as part of 

the 15MW expansion of electrical 
capacity. 
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CEP Upgrades to Chilled Water 

One of two new 1500 ton chillers is 

moved into the 5600 Central Energy 
Plant. Each new chiller has the 

capacity to remove more than 5.25MW 
of heat. The two new 1500 ton chillers are operational. 

They typically run at 95-98% of capacity, with 
flow rates of ~6600gpm at 42° Fahrenheit.  t 

is approximately 15° Fahrenheit 

Supplemental chilled water from an adjacent 

facility (typically 700-800 tons) offsets much 
of the existing comfort load, allowing the 

5600 chillers to manage the heat load 
associated with the computer rooms 
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UPS and Generator Power 

rrrnl.gov

A 1.0MW Rotary UPS is installed in the 

primary electrical distribution room inside 
5600. Aggregate UPS capacity is 1.5MW, 

protecting disks and critical infrastructure 

A 2200 HP, 1.5MW Diesel Generator is set on 

its pad outside 5600. Aggregate diesel 
generator capacity is 2.25MW 

In 2HCY09, a series of CRUs and 

chilled water pumps will be placed on 
generator so that long term power 

outages will not disrupt the delivery 
of chilled water. Based on current 

heat load from UPS-protected 

systems, we anticipate no less than 
30 minutes of additional time to 

complete administrative controls 
such as graceful shutdowns of file 

systems and infrastructure. 
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Tying Transformers to the Switchboards 
Installation 

Electricians complete the connections from the 2500kVA transformers to the three 

switchboards necessary for Jaguar. The completed 12” chilled water supply and return 
lines, with insulation installed are shown bottom right. The transformers are located 

immediately behind the switchboards, substantially reducing the run length of the feeds, 
saving installation dollars and operating costs. 
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Mechanical Upgrades for Jaguar 
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• Replaced more than 200 

linear feet of 10” CW 

Line with new 12” CW 

Loop (44% increase in 

volume) 

• Added Valves to Allow 

Segmenting of the 

Room and Prevent 

Subsequent CW 

Outages for New 

Systems 

• Added 8 header 

systems for the 240kW 

Liebert XDPs 

• Reoriented chilled water 

connections for multiple 

CRUs 
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Mechanical Upgrades for Jaguar 

Workers use a small lift to remove old 10” 

chilled water piping, and replace it with 12” 
piping beneath the 36” raised computer room 

floor. 

10” chilled water pipe is prepped 

for removal. A new 12” supply 
line will feed the first floor 

computer room, supplementing 
the original 12” line. 
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Mechanical Upgrades for Kraken 

• Kraken, at 88 cabinets 

and 20 XDPs, did not 

require the replacement 

of the existing 10” lines, 

but did force the 

decommissioning of the 

Cray X1E, and its chilled 

water piping 

• Installed six more stub 

headers to support the 

240kW Libert XDPs. 

This configuration 

provided the flexibility for 

Kraken to be installed 

adjacent to Jaguar, or 

with up to about twelve 

feet of separation. 



14  Managed by UT-Battelle 
 for the U.S. Department of Energy Jim Rogers jrogers@ornl.gov 
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Electrical Upgrades for Kraken 

• Each cabinet requires a 

480v, 100A, 3-phase 

connection 

• Each switchboard can 

handle as many as 66 

cabinets, based on 

margin for a potential 

Gemini upgrade, and a 

potential 6-core upgrade 

• Kraken requires 1 full 

switchboard, and a small 

portion of a second. 

• Jaguar requires three 

full switchboards. 

• Switchboards also 

provide the 480V 

connections to the XDPs 
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Switchboard Installation 

Fully dressed connections from a 

switchboard back to the 
transformer 

Individual connections for the XT5 

cabinets are prepped for connection 
to the switchboard prior to being run 

to final installation locations. 
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Modeling Room Temperatures with TileFlow 

• Jaguar is a split system 
– 184 ECOphlex™-cooled 

cabinets 

– 16 air-cooled cabinets 

– ORNL modeled below-floor 
air temperature and static 
pressure, and affect on inlet 
temperature based on 
placement of perforated tiles 

• Kraken is fully ECOphlex™-
cooled 

• TileFlow identified needs for 
rearranging CRUs to handle 
the 10% ejected heat 
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Jaguar XT5 Installation Plan 
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Kraken XT5 Installation Plan 
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Deliveries 
- Fun with OTR 

• Driving directions from Cray Inc., 
Chippewa Falls, WI to 1 Bethel Valley Rd, 
Oak Ridge, TN 37830 

– 866 mi – about 14 hours 3 mins 

– 290 cabinets 

– 28 separate deliveries 

– 48,000 miles 

– Does not include the Liebert XDP 
deliveries from Columbus, OH. 
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XT5 Power Allocation within a Cabinet 

20 Managed by UT-Battelle
for the U.S. Department of Energy Jim Rogers jrogers@ornl.gov

Information courtesy Jay Young, Cray Inc. 
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HPL 1.004 PF 

HPL 1.059 PF 

Jaguar- Measuring Performance Efficiency 
During HPL (Oct’08) 

Information courtesy Buddy Bland, ORNL. 
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Power Consumption- Cray XT5 
Jaguarpf 

• Measurement (MW) of a single switchboard (one of 

three used by Jaguarpf) during a large-scale HPL run 
• Peak consumption of approximately 7.2MW 

• Sustained consumption (area under the curve) of 
7MW during the 26 hour runtime. 

• Produced from PowerNet, an electrical measurement 

and monitoring tool deployed widely at ORNL within 
switchboards, panels, and PDUs. 

• Measurement is just one of three switchboards during 
a 26-hour HPL run. 

• Total point-in time power consumption was greater 

than 7.2MW 
• Average power consumption was just less than 7MW, 

for 26 hours (182,000kW-h) 
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• ~97% of jobs complete. 

• Job failures are 

dominated by OOM, at 

more than 51%.  

• Some Seastar failures 

are attributable to 

VERTY and VRM 

failures.  

• MTTF for the Early 

Science period (Jan 

12’09-present) is about 

50 hours. 

Cray XT5 Reliability 

• 150M hours delivered through the Early Science program, 
and ~250M total hours delivered since the beginning of the 
calendar year. 
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Estimating an XT5’s Operating Cost 

• Curiosity- What are the anticipated operating costs (utilities) 
for such a system? 

– Actual kW-h measurements for operation through Mar’09 provides a good basis 

– Assumes that a Center needs 30% of the input power to remove the associated heat 
(this is a little high if you use XDP’s and can measure chilled water consumption) 

– Assumes that a Center pays $0.10/kW-h for electricity 

– A system the size of Kraken XT5 will have an electric bill on the order of $2.5M. 

– A system the size of Jaguar XT5 will have an electric bill on the order of $6-7M. 
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Noise Exposure 

• (translation) If the TWA (Time Weighted 
Average) noise level is exceeding 85 
dB(A), a hearing conservation program 
is required 

• Initial Jaguar configuration produced 
noise levels above 99dB 

• Sound trim kits reduced this by 6-7dB 

• Substantial portion of the room 
remains at or above 85dB, 
necessitating hearing protection 

OSHA Regulation 1910.95(a) 

Protection against the effects of noise exposure 
shall be provided when the sound levels exceed 

those shown in Table G-16 when measured on the 

A scale of a standard sound level meter at slow 

response. When noise levels are determined by 

octave band analysis, the equivalent A-weighted 
sound level may be determined as follows:  
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Noise Analogies 

• XT5- Noise Operating 
Levels with full sound 
kits range from 85dB to 
92dB (cabinet door 
open for maintenance) 

• Analogous (in terms of 
sound pressure levels) 
to standing adjacent to 
the runway while a 
Boeing 747 takes off. 

• Bose Quiet Comforts 
are not OSHA rated 
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INCITE April 15th call for proposals 

Call for large-scale, computationally intensive, high-impact research proposals 

In 2010, powerful, leadership-class computing systems at DOE’s Argonne National 

Laboratory and Oak Ridge National Laboratory will provide over one billion 
processor hours to a limited number of researchers nationwide. 

The call is open to scientific researchers and research organizations, including 

industry; DOE Sponsorship is not required. Deadline July 1st. 

INCITE awards help advance the state-of-the-art in areas such as 

For details about the DOE leadership computing facilities, see www.alcf.anl.gov 
and www.nccs.gov or contact INCITE@DOEleadershipcomputing.org to be added 

to an announcement distribution list.  

• Accelerator physics 

• Astrophysics 

• Chemical sciences 

• Climate research 

• Computer science 

• Engineering 

• Physics 

• Environmental science 

• Fusion energy 

• Life sciences 

• Materials science 

• Nuclear physics, and more 
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Questions? 


