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SUMMARY

A reliable elecine power supply is an essential componemt
of economic growth in both mature and emerging
coomnpmics.  Studies indicate that economic growth, as
mcasured by Gross Domestic Prodwct (GDP), s directly
related to consumption of electric energy.  Overhicad
transmussion lines (OHTL) play one of the most important
radis i e operation of a reliable delivery system. At the
same time, because of their length and bold exposure to
the elements, OHTLs are vulnerable io catastrophic failure
froum @ variely of initiating events,

Imternationally, the eleciric wtility industry is in a transient
condition brought on by privatization, dercgulation and
COMBpeLition, In mamy countrics, i i5 becoming
mmcreasingly difficull 1o obain required permitting to baald
new lings, Al the same time, it is often difficult 1o arrange
for adequate funding to build those new lines for which
permutting can be arranged.  For these reasons, utilities
are depending more and more on the capability of ther
existing lines, This probably explains the increased
ilerest at this point in time in the subpect of potential
economic a5 well as political risk from catastrophc falure
of key lines and why so much attention is baing applied 1o
the subject within international technical sociclies.

Unfortunately, there isn’i a text book or published
procedure readily available that deals specifically wath the
proolem of determiming the economic nsk o & particular
electric svstem due o the loss of a specific OHTL. The
principles required 1o do such an analysis, however, are
known and in wide use in other applications such as
insurance. This paper will anempt (o provide an insight
into this specific problem and outling & process that can be
applied to identify and quantify the initiatives available to
comtrol such risk.
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DEFINITION OF RISK

In general terms. sk 15 composed of two elements the
probability of occurrence of the causal evem and the
totality of resultng losses (cos1s),

3 RISK = (FROBABILITY OF FAILURE) x (3 LOSS)

From this simple statement, 1115 obvions that nsk can be
lirnated by either:

¢ reducing the likelihood of ocourrence of the
causal event; and‘or

s controlling the magniude of the soonomic
losses

Subsequent sectipns of this paper will demonstrate the
reasoning process required to apply these principles to an
OHTL.

CHARACTERISTICS OF AN OHTL

An OHTL is a wery complex.  contimudus
clecirical/mechanical svstem. It is composed of many
individual componenis made from the different malenals
with a wide wvariety of electrical and mechamcal
propertics. 1is function is 1o transport power from the
circuil breaker on one end of the line to the circuit breaker
o (ke other. Am OHTL has failed when it can nol
transport power from one end 1o the other

For Lthe ecomnomic losses resulting from an OHTL fallure o
assume culastrophic proportions, it would only be required
fior the fmlure o cause power shorlages at major Ioad
centers, or for the OHTL 1o have suffered such extensive
physical damage that  major  repairs would take a



substaniial length of time to accomplish, Such faulures are
dependeni on the physical charsctenstcs of the OHTL
and the configuration of the transmission grid, and can
resailt fepan such predictable cansal events as infrequend
lugh winds or ice loads, or nnprediciable causal events as
defective componenis, sabotage or natural disasters.

Before discussing these causal events, it will be helphul to
firsi discuss the concept of reliability based design
mecthods, amd how they can be applied to controlling or
reducing the probability of failure of a predictable event

RELIABILITY BASED METHODS FOR
PREDICTABLE CAUSAL EVENTS

Presently, there is a strong movement within the industry
intermationally o implement Rebiability Bassd Design
(RBD practices for new transmission lines. Under RBD,
the “weak link™ in the line sy@em 1% identified and
designed Lo deliver the expected reliability performance
level for the line system. The component sclected almos
universally as the weak link is the tangent structure.  All
other components are then selected andfor designed to
have higher strength; that is, higher performance than the
tangent structure,  For this reason, the structure is of
fundamental imponance in assessing the reliability of the
hme sysiem

The rehability level of an OHTL is a measure of the
ability of the ling (or a component of the ling) to perform
at its expected capability, where capability is defined as
capacity times availability. The mechanical svstem of an
OHTL consisis of amays of foundaton,  strocare,
hardware and insulator components that provide safe
support for the power camying conductors.  Since the
syslemn 15 conlinuous, cach  armay  offers  balanced
longiiudingl restraint to the tension in the conductors in
bty directions.  As mentioned above, the compoanens
piking up these armays vary greatly in properiies, Some
of the materials are rigid, some flexible; some deflect
under load and absorb energy while failing, some fraciure
and do not. Failure of the first componeni redisiribuies
the forces applied to the support assembly, This can cause
overlead of other components. Depending on the
capability of those other components and their functions,
the damage may be resticted to  the  involved
structure'support of may, under cenain conditions. cause a
sepous loss of restrainl on the nexi-in-line  suppon
assemblies causing their [ailures and setting ol &
progressive cascading effect that can travel down the line
resulting in extensive mechanical damage.

To be able o predict the reliability level of an OHTL. it 15
first necessary 1o understand the present capabilities of the
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specific hne conliguration &5 bulll  Most existing OHTLS
were designed using conventional deterministic design
methods.  These comvenuonal determimistic  design
methods have many shorcomings. inasmuch as they do
not:

« provide a means to  deal wath  the
uncertaintics of loading condibions, swch as:
loads applied at angles instead of only the
vertical, tramsverse  and  longituding
directions and more extreme boads in micro-
enviranmental locatons.

= provide a means for directly predicting the
performance of the line

= provide o way o detect weak links in the line
system

= provide o framework for decision making

The mapid advances in the capabibibes of compuiers
permitied the introduction of three dimensaonal analviical
design  Progrims Such programs overcome  these
shormoomings. Drata on: design criteria, installation loads.
strength of components, clearances and corndor fermain
are all fed into the compater o create a 30 model of the
proposed line mstalled on s intended right-of-way. Sech
models were first used 10 optimize the design of a final
e configuration within s cormidor, By pre-sclecting the
component desired 10 be the weak link and adjusting the
strengih level of all siher components in relationship o
Ut weak Hik, the line could be designed 10 mest o targel
religbiliny level It was sson discovered that the process
could be reversed just as effectively. The as-built Tine and
terrain details are eniered info the compaier bo creale a
izl of the ling and cormdor reflecting the properties of
ihe components when new. After that, loading conditions.
such as different magnimdes of wind velocity at different
anpular directions, accreted ice or wand and dce, are
applied 1o the model in increasing increments until the
first component is loaded up to s capacity  That 15 the
critical loading condition for thal componem  The
probability of occurrence of that loading condition is an
indication of the reliabality level of tha component.  This
process 15 continued until all loading cvents of interest
have been applied and the weakest link identified
Overall line rehiability 15 equated 1o the relabality level of
the weak link components, The quality of information for
assessing the capability of & ling in the as-built condition
based on determimistic vs. a 3D analytical analysis is
shown in Figuare 1.

A double circuit 345k line was built i the upper
Midwest region of the US on steel Eaice towers, The
loads used in design were believed 1o be representinnve of
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S vear recurrence evends in the area where the line was
it Figure 1{a) shows that differemt members of the
girucnire were under the contrel of different loading cases
froan the determunistic loading agenda. While interesting.
this display gives no useful indication aboul the
idenitification af the weak link or its relinfbality level,

The structhere, &5 originally designed, was modeled in 302
o the compuier  Loads of varying magnitudes were
applied from differemt  directions ontil the actual
controlling load conditions for key members were
wdeniified.  The probability of occurmence for those
comrolling losds wis then determined for the micro-
ervironmental location of that struciure within that line
SECTI0I

Figure 1{b) shows that:

o the legs lad a probability of falure in that
location of once in 113 vears

o [ension chords in the conductor arm and
OHGW arm had probabality of failures of
110 and 35 vears respectfully

g wind condition al an angle was found to
be cntical for the foundation design with a
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b} 30 Anatyieal Analye

probability of fadlure ar that location of once
it 25 vears

Aon interesting observation can be drvwn. The foundation
was actually found 1o be the weak link in the line design
Few electric utilities would want this. 1t s likely that a
foundation failure could, in fact, provide the necessars
inbtiaten for a line cascade

The 3D amalvtical techmology used 1o gencrate Figure | is
rescily available and fairly casy 1o usc fo determine the
reliability of mew or existing OHTLs. In an effori to
assess misk, however, there are additional, significan
fuestions

In use, the components of a line are subjected 10 nany
types of deterioration, such as: wear, fatigue, corrosion.
deformation and clongation.  Since they are made from
different materials with different properties, i 15 likely
that some of these components will detenorate faster than
the imtended weak link and will, therefore, become the
mew weak link.

The present capabilitics or all existing OHTL companents
(T be determined using approprile
inspectionfassessment technology. The presemt value of



cach component’s capability would be substituted for 115
mew valug in the 3D amalysis progrom and the  boad
application exercise redong.  This results in an indication
of the likelihood of fallure of the components m their
presenl condion and an indication of the line's present
rehabality level  The technologies are currently available
for making these delermunavons and are described 0
Reference |

UNPREDICTABLE CAUSAL EVENTS

The balance of this discusston will focus on thoss causal
events invelving significant damage to the OHTL, and our
abiliny or inabality to predict the hkelibood of occurrence
of the causal event

Unkmown Defective Compaments Reliability based
methods typically use the given material properties of the
components a5 they were specified.  Unfortunately,
unknown o the designer, some componenis may be
defective, therefore, i 15 necessary 1o determing the extent
of the line damage ihai can be expecied afier the inifial
failure of a component,  Analviical techniques are
curtendly available for making these delerminabions,
provided (he weak link in the system s identified and
properly anabyeed  Tyvpical contingencies of interest are
ofien a2 broken  conductor, broken OHGW, broken
insulater or hardware componend Under a1 non-
svimmetncal discontinnity, the line system will distor i
such 2 way as 10 redisiribute the unbalamced forces
depending om  the response characteristics of  the
strctufe/foundation element.  Routines are available fo
carry unbalanced transiend forces down the line system
and predict whether the downstream elements have the
capability to withstand them or not. In this way, 1 can be
determined how much progressive damage the line will
actually expenence. Loss of restraint can set off extensive
ciscades

An example of this type of component failure that resulied
im @ cascade type failure is given in Reference 2, Dunng
extreme temperature and wind loading conditions. Los
Angeles Depanment of Water and Power (LADWTF) in the
S lost 2 total of sevenizen towers on e +500kY DC
Pacific Inteetie, On fifieen of sixteen sieel puyved towers,
onhe of more forged steel guv fittings were broken, which
resubied in collapse of the towers. These guy fitings were
fler analyveed and found o be brattle Bapid restoration of
thas catastrophic failure to limit economic losses will be
discussed Tater in this paper

KNabotage There luive been cases during periods of

rebellion or civil disobedience within some  coundrics
whers the anti-government forces have clecied io destroy
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segmends of the power delivery system,  Transpuisseon
hinees seem o be a particularly attractive targel becuise of
therr imporiance to the cconomy and morale of (e
country as well as being sccessible o sabotage  The
destmuctive measures, themselves. can be sufficient to
crcile extensive damage o the ling, as well a5 progressing
inte cascades of the total line svsiem, [0 18 nor possible o
predict the likelihood of a sabsage event of 1o predict the
extent of the resulting damage with confidence

An example of sabotaged OHTLs is given in Reference 3
Thus paper discusses how dunng a period of cight vears
botween 1984 and 1992, electric utilities in Colombia
South America lost a total of 297 transmission fowers duse
lo sabotage. and bew one utility, Interconexion Electrica
A (1SA), coped with the unpredictable natore of this
sabotage usang the emergency restoration system described
Faner

Natural Disasters  Hurricanes, cvclones or typhoons,
massive e storms, fire, floods, tormadoes. eanthquakes
and earth slides forrunately occur infrequently. but. when
they do, can cause total destmction of the above ground
clements of OHTLS as well as hive a destrctive impaci
on and make serious changes 1o the very topography along
the righi-of-way.  This makes post event access difficuli
and complicates restoration processes.  The combination
can make the total cutage time for the facility very long,.

There are no exising technologies for predicting the
likelihood of occorrence of notwral  disasters  with
confidence or engneenng inibiatives avatlable to Lomin the
total damage in o cost effective way. However, References
4 and 5. which will be discussed later, describes how
Comision Federal de Elecincidad (CFEY in Mexio
limited their scomomic risk due 1o cvclopes that have
destroved over 37H rnsmission lowers on the CFE
system in the past 20 years

ECONOMIC LOSSES

Tatal losses resuliing from an exiended oadape of a key
transmission line is site specific and can be considerable
Losses accrue to different panies and are composed of lost
revennes and monetary oul-kivs.  In the case of industral
customers, they may have critical processes within their
operalions that require substantial “clean up or reset”
activities afier o power loss, They may elect o vy o
recover such expenses from the power supplier. These
expenses ang sumunarized in Table |

The economic losses resuliing from the collapss of a
transrission line will depend on the tvpe of transmission
sysicm for the paricular location.  In some cmerging



TABLE 1

ECONOMIC COSTS OF AN OHTL FAILURE

OHTL Failure DOES NOT

Result in Power Shorlages
al the Load Centers

OHTL Failure DOES
Result in Power Shorages
arn the Load Centers

l. Increased Line Losses on I. Lost Bevenue from
Alternate OHTL Customers
Power 1. Cost 1o Rebuild OHTL 1, Power Plant Shutdown
Supplier 3. Increased Cosi of 1. Increased cost to Rebuild
Cieneration OHTL due 10 shorened
construciion schedule
If KO Vaoltage Dirop I. PFlants Close and no
Industrial Mo Cosl Froducis Shipped
and Resdential If Momentary Yoltage Drop 2 Workers Seil Home and
Customers Reset Sensitive Electronic no Wages Paid during
and Process Equipment Plani Shutdown
1. Minimal Ecomnomic Cost L. Lost GDF for Region
Regional Equal 1o 20+ Times the
and Mational Lost Revenue of the
Crovernment Power Supplier
2. If Frequent. Lost Investor
Confidence

cconomics, the lead center may be served primanly with a
single double circuit radial line. Ewven in those locations
where aliernative lines are available, it is often likely e
oiler lines will not have sufficient capacity 1o suppor ile
full load requining a cemain amount of lead shedding
The most serions loss s reduction in the Gross Domestic
Product (GDP) for a region or nation

Studics lave shown that the lost GDP is approximaiely 18
o 200 imies the cost of the lost revenve 1o the supplving
wtiliny  (Reference &) This is reasonable when 1t s
considered that industrial customers generally pay less
than 5% of their gross revenues lor power. Analvsis of
Elecine Utihties Data Book (Reference 7) indicates that
the ratio of GDP to average utihity revenue for the Asian
and Pacific Region was approximately 30 in 195,

A s often the case in developing countries, when one or
maore majoer OHTLs feeding a load cemier are lost. the
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remanmng lines do not have sufficient capacity 1o supgon
thie full boad required duning the peak periods of the day,
Litilines will be forced 1o shed load during those peak
peniods  shutting  down  industirial  and  commercial
customers.  When this oocurs, production is stopped and
tal ot Gross Domestic Product can be estimated from
Figure 2. For example, in this graph, if the average raie
charged 10 commercial and industral customers s
approximately 30 10%kwhr, and it 1= necessary to shod
approxumately 30 MW of load during an 8 hour work
day, then the bost Gross Domestic Product for the region
affected by the power outage will be approximatcly
£5.0000, 0K} in one B hour period.  This is graphically
demonstrated in Figure 2. Fipure 2 is a gencralized
display showing the relationships among reduction of [oad
consumpdion, per unit cost of power and less in GDF,
assuming the ratio of GDF w wiility revenue s only
twenty {20},
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FIGURE 2

RISK MITIGATION INITIATIVES: PROACTIVE
AND REACTIVE

Proactive Those initiatives that are dome 1o
ouinimize the likelibeod of occurrence of component
failures that could progress into line cascades as well as
those things that will improve a ling's ability (o contiam
cascade after the failure of the frst component are
proactive I the lime is new, s reliabality level should be
determined using  presentl  analylical techniques  as
previously described.  Those components discovered (o
have a probability of failure lower than the desired targe
level, could be wpgraded by increasang ther capacaly

The security level, or ability of the line 1o restrict
progressive damage, of the upgraded OHTL svstem should
next be checked. If the security level is still found 1o be
lower than desired, there are a variety of initiatives that
cin be considercd

v conponenis and siructure details located i
semsilive arcas can be uperaded in capacity
or improved in response characteristics

s sirong. anti-cascading strouciure Suppons can
be located stratcgically along the ling to limit
a cascade to a tolerable length

* energy absorbang devices can be added inio
the conducior supporn sysicm o limit the
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longimdinal iransient energy iransfer 1o safe
levels

If the line is apged. its present condition should first be
assessed as previowsly described and the procedure abowe
repeated. The redwced condition of cerain key
components will have an impact on the effectivensss and
prioritizs of the listed initiatives.

Proactive initiatives, coupled with a reliability based
inspection and mainienance regimen, can reduce the
likelihood of occurrence of the causal even and limit the
probability  of occurrence  of risk  resulting  from
catastrophic  cascade line failures,  They provide ne
contred against failures caused by sabotage or natural
disasters

Reactive  Those  initiatives  that  limit  risk by
contrelling the length of tme the line facility is ow of
servics after the failure has occurred are reactive

It is likely that conventional restoration will take longer as
well as cost more than necessary since many  key
components, like structures, are designed 1o be sile
specific. That means an order for replacement sinictures
or tower steel has to be placed, usvally with the original
producer, who, in turn, must order materials, fabricaie and
ship replacement parts 1o the site, 11 has been found ihat
the longest lead time for restoration of an OHTL s ihe



time 1o replace damaged tower steel, When foundations
arc damaged beyond further use and have o be replaced.
adequane ime must be allowed for concrete 1o set. Unique
characteristics of some OHTLs may require the need for
spectilized erection equipmemt of specially trained
ereciion crews. These may not be readily available at the
reguired tme, either, Even if all requirements can be met
oit an expediled basis, # is very likely thai suoch
avinlataliey will be provided enly al a premium price.

Mliny ulihibies in the pasi, have atiempied to control the
length of time required for restoration by Livimg in an
inventory of critical components, like structures. This is a
mive an the right direction since it addresses Lhe likely
lomg and Wigh cost procurement of coimponents; bui the
lal benefits may not be cost effective for the followang
Feisons

o the design of components are line specific,
an inventory would hove o be carmed for
every different line

= the question of availabilitv of  nesded
erection equpment and personngl  would
remgn e sime

Because of these factors, several wtilities in the US and
Canada formed a transmission line mufual assistance
group (Reference %) in 1982 for the purpese of sharing
expenicnced linemen,  construction  equipment  and
lransmission  structures dunng 4 major ransmissien
outage. One of ihe significant features of this plan was the
adoption of & universal modular emergency restoration
siructure that can be easily shared among panicipating
utilities.  After reviewing (be designs of all temporary
structures produced by ulilings and tower manufactures
arpund the world, these sew universal modular emergency
restoration strsctures were designed with the following
features:

s lightweight aluminum  modules that  are
easily (ransportablz by small helicopier or

TLTRPET,

¢ lemporary  foundations har  allow  rapad
restarition,

#  gbality o be  erected  without  heawy
equipment.

*  slandard strecture components Ul can budld
a large vanery of siructures al all voltage
levels,

= structure heights that can be modified in the
field.
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* an open design allowing the conductor 1o be
lifted onto the structure withowl having 1o
resining the conducior

By using this universal design, (he components of these
EMIETEENCY Testoration structures can be exchanged among
participating wtilitics 5o thal any one utility’s required
inventory can be reduced. In 1988, the acceplance testing
and interchangeable design of these universal modulars
EMCrESACY resioralion Siructures were standardized by
ANSIIEEE Standard 1070, and again reconfirmed in
1995 {Relerence 9). To date, over 1600 tons of aluminum
CInergency restoration strectures have been produced to
this standard and supplied 1o over fifty (50) wtilities in
fourieen (14 countries around the warld.

With the addiion of msulaiors, hardware, anchors, crew
tracnng and application software, thas universal modular
emeTgEncy restorition structure, lias become known in the
industry a5 the Emerpency Restoration Svstem (ERS)
Unlike typical permanent transmission Siructunes, an ERS
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design is not driven by optimization, rather by fexibility
providing application  within  families of different
structural concepts, The wide variety of struciure profiles
thai can be constructed from the ERS s suggested in
Figure 3,

There e bwo emergency restoration approaches; im-line
and by-pass. The in=line approach is mormally used for
restoring single ciroull towers having horsontal phase
configuration. In the in-line approach, the restoralion
struchires are located on ihe righi-of-way abead and
behind the domaged structures and suppon the line whils
the rebuild of the dimaged supponl assemblies is
pccomplished. The by-pass approach is normally used for
restoning single and double circuit lines having verical
phase configuration or where sdditional space s required
for restoration of the damaged structures or foundations
In the by-pass approach, resioration structures are located
off the nghi-ol-way providing easy clearance lor ihe

permianent structurs rephicement.

I 15 evident that the 1oial economic cost associated with a
causal event, bath 1o the Power Supplier as well as 1o the
GOP, can be subsiantial.  Some risks, such 018 3 cascade
failure, can be addressed with proactive and reactive
imitetives Other risks, soch as mamral disasiers or B

sabotage, can only be addressed with reactive initiatives.
planning for these events, training personnel and
pequiring needed materials, the polential economic cosis
of these causal events can be mimmized. Since 1982, the
mosi positive mitigation initiative available o limil nsk
has been the Emergency Restoration System, as specified
in ANSITEEE Standard 1070, This system has repeatedly
proven its vithue in mipedly restoring OHTL failures and
minimizing the iotal costs

ERS EXPERIENCE IN LIMITING RISK

Since the concept of a standardized ERS was iniroduced
o ulilities around the world in the early 1980's
approximately 40% of the utilities who have acquired ERS
have experienced subsequent OHTL failures thal gave
them the opporunity to apply this system to real
EMETgency sinetions,

In the US, the Los Angeles Depanment of Water and
Power (LADWPF) serves approximately 13 million
customers in a bheavily populated area in Califorma.  They
receive 23% of their power requirements by way of a
+500kY DC line, In 198R they experienced a cascade
failure involving 17 towers in the DC line caused by

e

Figure 4
LADWE restored this sabotaged structure in bess than six hours
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extremc weather, The failure occurred ar a location wath
rough lermin. By implementing their emergency plan
centered around the ERS they owned. they were able 1o
bormow additional compatible ERSs from other wtilities in
order to install temporary modular structures (o restons
and maintain power flow during the rehuilding of the
damaped line sections.

Prior o this incudent, one wower of this +500kY line was
sabodaged in 1987, The ERS shown in Figure 4 was
construcied in bess than six hours. and the ling restored in
less than two days (Reference 2).

Comision Federal de Electricidad (CFE) is the principal
provider of electric power throughout Mexico. Mexico is
sitented in one of the six regions in the world subject 10
intense ropical storms, referred fo as either horrichnes,
iormadoss or cyclones, These storms are vielent in miere
with wind speeds approaching 200 km'h and often
accompanied by high precipitation that can lead 1o
Neoding,  As mentioned earlier, in the past 20 vears
cyclones have caused a loss of over 350 towers on 230kY
and LL3KY fransmission lines, In addition, since 1990
storms lave caused the loss of 28 wwers on CFE's 400kV
svsiem., Mearly halll of these lost towers are double circuit
sIructunes,

In 1992, CFE acquired an initial quantity of ERS 1o
sddress restomtion necds al 400 kY. Since their
acquisition, the strectures have been used extensively at
all voltages from  115kY 1o 400kY to greatly reduce the
outnge time when storm damage does ocour.  In early
1994 CFE decided 1o utilize these modular aluminum
ERS structures throughout the entire country and a
significant quantity of additional structures were acquired
One element of CFE's restoration plan underaken in
carly 1994 was (he extensive training of the engineering
stafl and fleld créws in ihe wse of ihese emergency
FESIOTAoN SIMciures

A recent example of bow his planning and preparation
wis pul 1o good use occirred on Oclober 14, 1994 when
Hurncane Rosa struck the western coast of Mexico near
Mazatlan at 6:30 am, with wind speeds messuring at 150
kil and gusts up to 190 km'h, the storm affected a very
large ares (References 4 and 5). At 7:00 am shorily afier
the storms passapge. crews bepan inspection of the
mmportaml  Tepic-Muazatlan 11 400kY  transmission
[nspection preceded slowly with much of the nghi-of<way
fooded and nearly impassable doe to the storm. At 1000
am on the October 15, three destroyed towers had been
dizcovered. with spans mnging from 400 m o 910 m. i
was determined (o replace these damaged towers with an
in-ling restoration of 400k% chainehe struchieres,  Access
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to the sites was extremely limited due 10 flooding and a
vast majority of material was transporied into place wsing
helicopiers.  Restoration structure columns were erecied
using portable winches and gin poles or tilied up using
helicopters. The two bundle conductor was freed from the
damaged structures, repaired and mised into position on
the restoration structures (sce Figure 33 Work was
completed at 1015 pm on October 19 and the line
energized af 10045 pm, less than five days after Hurricane
Ruza strock the coast of Mexdon,

The Naticnal Power Corporation (NPC) of the Philippines
15 the major provider of electricity on the island of Luzon,
Philippines. In 1991 Mouni Pinatubo, north of Mandla
erupied. In Ociober 1993 afier o heavy rain storm, & large

¥

Figure 5
CFE restored this hurricane damaged structure
using an open-based chainetie,
allowing the conducions 16 be rased
betwesn the mwo columns



Now of Lahar (a mixiure of ash and waler from Mot
Finatubo) destroved five circudts of 230kY transmission
lines that supplied the city of Manika. In order to stabilize
the system and preveni power shorages i the city of
Mimbi, NPC purclased an ERS in onder 1o restone four of

the five circuils in the Lahar affected area.

Figure 6

shows a double cirowit hemngboneg emergency restomiion
structure used for an in=ling restoration of the double
ciromt 230 kV

Mexico-Hermosi

line Figure 7 shows a by-pass

restoration using o  deadend structure and two Langent

chainetie and deasdend structures used to restore ome
circuil of the San Jose-Hermosa 230k trensmission line.
While an ERS sysiem is typically mcant to only stay in
srvice for a shori penod of tme the unosual
cincumstances in the Lahar affecied arca has required tha
these systems stay im place for the last two years,
Utilizing this technology, NPC has minimized the risk of
Lime outages at their major load cemters in Manila and
provided a flexible restoration svstem capable of being
mioved as the Lahar flow dictales.

MNPC used this double circuit herringbone structure 1o restore lines domaged by Lahar

CONCLUSIONS

Elzctrical utilities and their OHTLs are an
eesentinl part of the economy of all nations, 1If
the service provided through these OHTLs is
interrupted it will cause a loss in revenues 1o the
utility and o much greater loss in GDP o ihe
region or nation. 1 inlerruptions occur regularky,
there will be o loss in investor confidence which
will further damage the economic growth of the
region or nation. By their very nare, OHTLs
are exposed to the rsk  of catastrophic failure
from a wide variety of conses.

1
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2 There are available technologies to Hmit the level
of rnisk by controlling the probability of
pocurrence of the initiating event andd'or limilting
thee total amoamnt of losses that occur dunng the
resilting outage period.

3. When OHTL failure does oocur, rapid restoration
it essential. Of the available technologies, the
ANSVIEEE Sundard 1070, Emergency
Restoration Syvstem (ERS) appenrs o provide ihe
miost positive and cost effective mieans 1 limit
risk.



Figure 7
NPC constructed this by-pass restoration using deadend and chainette structures.
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