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FEA has been publishing

the designPLUS Newsletter

every quarter for the past five

years and during that time

we have witnessed many

changes to the data process-

ing environment. What has

been the most disconcerting

is that most of the changes

we see today, including dual

power cord technology and

high density data processing

equipment, were not even

envisioned three or four

years ago. It is very difficult

to accommodate these new

requirements so it is neces-

sary to ensure that data cen-

ters are designed and built

with the flexibility to meet

almost any need. The

designPLUS newsletter

addresses mission critical

design issues with the hope

that it assists in providing

some insight into these

changing environments.

GLOBAL
WARMING
by Leo P. Soucy, Jr., P.E.

Whether you agree with the reasons

for global warming - excess carbon diox-

ide emissions or a natural re-occurrence

of long-term weather changes - we have

to admit that this past summer showed

the consequences with long, record

breaking heat waves.

This past summer's hot weather

resulted in many localized power prob-

lems. Power problems in the past tend-

ed to be very extensive, affecting large

geographic areas and many businesses;

and were relatively short-lived with

power restoration within hours to a few

days. These outages were the result of a

portion of the electrical power system

being overloaded, usually a large trans-

mission line, resulting in the system

shutting itself down as a safety measure

to minimize damage. After the initial

shutdown, the problem section was iso-

lated and the network re-establish.

Often times the section that caused the

problem could either be brought back

on-line or bypassed, allowing for full

service restoration while this section was

being repaired.

The power problems this past sum-

mer were more localized and resulted in

extensive damage to a portion of the

power system at the distribution level

and not the transmission level. At this

level there is less opportunity to by-pass

a problem to re-feed the loads, so any

equipment damage must be repaired

prior to power restoration. Some areas

were without power for over a week.

This summer’s power outages result-

ed in a number of power companies'

maintenance and operating practices

being scrutinized due to the time

required for them to react and adequate-

ly determine the extent of the problem

and necessary time to repair. One area

that exacerbated the problem is that

deregulation, where the generation,

transmission and distribution systems

are operated by separate entities, divides

the overall responsibility for power deliv-

ery to the end user. We only see this

problem getting worse over time.

Mission critical facilities need to be

aware of these problems and prepare for

these long outages. It is important that

standby power systems be operated at

least 24 hours under full load annually

during hot weather to adequately test the

system’s ability to operate under the

most severe conditions. If there is a sys-

tem problem it is best to identify it when

utility power is available to fall back on

and not when there is a total utility

outage.
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By Rafiq Bulsara, P.E.

The arc flash hazard in electrical
installations has now become a huge
liability for owners and employers.
For starters, arc flash hazard analysis
is required by Code, NEC article
110.16. Also, OSHA inspectors are
currently enforcing NFPA 70E that
outlines how to perform an arc flash
hazard analysis. The responsibility
of meeting Code  and OSHA
requirements ultimately lies with the
Owner. This responsibility involves
performing an arc flash analysis and
providing training and protective
equipment to the electrical staff. We
plan to provide some insight into this
issue in two parts. Part I will review
what arc flash hazard is and Part II
will review how to perform an arc
flash hazard analysis.

In an arcing electrical fault there
is a visible arc established between
the electrical points involved in the
fault. The arc is established when
the insulating medium, typically air,
breaks down and starts conducting
electricity. An unabated arc will
result in ionizing, heating and rapid
expansion of the air, resulting in a
flash or blast or both. Since the arc
fault current is not completely con-
tained within the electrical conduc-
tors, it releases a dangerous amount
of heat and energy into the sur-
roundings. Extreme heat causes
metal to melt and even vaporize.
Intense light is emitted; the blast
causes the propagation of pressure
and sound waves, as well as shrap-
nel. This makes an arcing fault very
dangerous to a person and the equip-

ment in the vicinity, even though an
arcing fault usually involves lower
levels of current and energy com-
pared to a bolted, solidly connected
fault. However, in a bolted, solidly
connected fault the fault current and
energy remains more or less con-
tained within the conductors and is
not emitted into the surroundings.
The high current of a bolted, solidly
connected fault also causes the pro-
tective overcurrent devices to open
quickly limiting the damage, while
the lower arcing fault current may
delay the clearing of the protective
devices or they may not even clear,
causing considerable damage.

The best way to avoid injuries
and damage related to an arc flash
event is not to work on or within
close proximity to live electrical com-
ponents. If this is unavoidable, prop-
er Personnel Protective Equipment
(PPE) needs to be worn by the per-
son performing the live electrical
work. Simple acts such as opening
and closing of a switch or a breaker,
even with covers on, or measuring
voltage with a multi-meter are con-
sidered live work. Measuring the
voltage to verify that the bus is dead
is also considered live work. All
such work requires proper PPE to
minimize arc flash and shock related
injury. PPE is designed to limit the
burn injuries to second-degree burns,
which are extremely painful but cur-
able.

PPE is categorized by the inci-
dent energy that it can withstand.
There are 5 levels of PPE, from 0
(none) to 4. If the incident energy

exceeds category 4 levels, the equip-
ment cannot be worked on while
energized. To perform any work on
the equipment, a shut down must be
taken. Only a properly designed,
dual path redundant or N+N electri-
cal system will permit shutting down
part of a system for maintenance
without affecting the critical loads.

It is difficult to perform work
with a PPE rated category 3 and
above because of the restricted move-
ment and vision. The PPE itself
could be the cause of an accident.
Also a person cannot stay, for any
reasonable length of time, in PPE
category 3 or 4 as the flow of fresh
air is blocked by the PPE.

There are two guidelines available
today to perform an arc flash hazard
analysis. One is described in NFPA
70E and the other is in the IEEE
standard 1584. These will be
reviewed in the next newsletter.
NOTE:
D The heat of an arc flash can reach 

35,000 degrees F, four times the
tem-

perature of the surface of the sun.
D The sound magnitude of an arc 

blast can reach 140dB at a distance 
of 2 feet. This is comparable to a jet
engine at take-off or a gun muzzle 
blast.

D If arc flash results are accurate and 
the proper PPE is used, it will only 
limit injuries of affected persons to 
second-degree burns.

D A properly designed, redundant dual 
path or N+N electrical system 
would permit shutting down part of
a system for maintenance without 
affecting the critical loads. This is 
the best insurance against Arc Flash
Hazard liabilities.
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DATA CENTER
LIFE SPAN
by William H. Flaherty, Jr., P.E.

In the early 1980s data center hard-
ening began in earnest. Early systems
consisted of uninterruptible power sup-
plies installed along with standby gen-
erator plants. Although the terminolo-
gy did not exist at the time, the systems
were typically N+0 or N+1 redundant.
As time progressed, Fortune 500 com-
panies realized that further hardening
of the their infrastructure was required
if reliability was to be maintained at
the increasing levels demanded by the
business. Some of the improvements
made include:
D Hardening of the chiller plant and

chilled water distribution system 
(early 1990s)

D Implement static switch technolo-
gy (mid - 1990s).

D Upgrade of UPS systems to IGBT
D Upgrade system from N+0 or 

N+1 to 2N redundancy and 
implement "A/B" power distribu-
tion to dual power cord equip-
ment

D Upgrade data center cooling to 
accommodate high-density equip-
ment technologies (early 2000 to 
present).

These improvements span over 20
years and have resulted in some of the
originally installed equipment being
replaced with newer more current
equipment. Some of these improve-
ments require the complete re-design of
the data center infrastructure.

One of the questions that has been
raised is when is the existing data cen-
ter electrical infrastructure equipment
obsolete?  FEA has been involved in

many data center upgrade projects and
we have found that most equipment
has a life of no more than 15 to 20
years. The main reason for this is the
fact that this specialized equipment
uses commercially available electrical
and electronic components that
become obsolete in that time frame and
are no longer commercially available.
We have replaced numerous UPS sys-
tems that were just under 20 years old
due to the fact that the manufacturer
no longer supported the equipment.
During the last years that this equip-
ment was on-line, it was necessary to
scavenge parts from units removed
from service to keep the on-line equip-
ment operating. In some cases this
resulted in the Owner purchasing de-
commissioned equipment to insure that
these parts were available. Equipment
is also re-designed to take advantage of
newer technology that renders the orig-
inal equipment obsolete. The applica-
tion of IGBT technology in UPS sys-
tems is an example. This design
change resulted in having to pay a pre-
mium to purchase the older SCR tech-
nology, as the new IGBT based equip-
ment could not parallel with the older
design.

Infrastructure obsolescence is
another concern. The implementation
of 2N redundancy, UPS power distri-
bution supporting dual power cord
equipment (A/B bus), and high density
cooling are now the driving factors in
upgrading data centers and are driven
by computer equipment technological
changes. These infrastructure upgrades
require major re-configuration of the
utility infrastructure and also revisions
to the facility including added space,
increased raised floor heights and/or
complete revision of the air condition-
ing system.

FOOD FOR
THOUGHT

-
Generator

Wet Stacking
Operating generators at less than

35% of their rated capacity results

in wet stacking, which is a condi-

tion where fuel is not completely

burned and migrates into the valve

housing resulting in the valves

sticking. This condition results in

the generator not being capable of

operating at higher loads. The

excess fuel in the exhaust stream

also deteriorates gaskets. If you

have to operate a generator at low

load, make sure you run it near

fully loaded for 45 minutes to burn

off any excess fuel.

Policy
designPLUS Newsletter is published
to keep the readers current with the

latest trends in mission critical
systems.

Correspondence
FEA welcomes any letters, articles,
reports and comments for publication.
Please mail, fax or email written
material to:

Facilities Engineering Associates
128 Garden Street

Farmington, CT 06032
Tel. 860-677-2285
Fax. 860-676-9433

Email LSOUCY@FEACE.COM
WWW.FEACE.COM

Copyright © 2006 FEA. All rights reserved.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


