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Power Quality Problems Caused by Termites on 13&Jkderground
Cables

Problemas de calidad de energia causados pordsretritcables subterraneos de 138k\

Romeu Fuscaldj Fernando H. SilveifaAlberto De Confi, and Silvério Visacrb

Abstract— This paper discusses problems found in the
operation of underground cables in the transmissiorsystem of
CEMIG, with emphasis on insulation failures causedy termites.
This problem has been the source of many scheduleshd non-
scheduled interruptions in later years, leading tosignificant
maintenance costs. Experience with current practicedesigned to
detect and prevent this failure mode is describedlt is argued
that new procedures are needed for improved on-lingre-failure
detection. Test improvement will hopefully contribue to increase
the lifetime of underground cables currently in useas well as to
reduce maintenance costs.

Keywords— Transmission systems, termites, underground
cables.

Resumen—Este articulo discute problemas encontrados en la
operacion de cables subterraneos en los sistemastdEnsmision
de CEMIG, con énfasis en las fallas de aislamientausadas por
las termitas. Problema que ha sido la fuente de mbas
interrupciones programadas y no programadas en losiltimos
afos, llevando a significantes costos de mantenimte.
Experiencias con las practicas corrientes planeadasra detectar
y prever este modo de falla esta descrito en estmhajo. Se
establece que nuevos procedimientos son necesapasa mejorar
durante el funcionamiento, la deteccion prefalla. B mejora de
pruebas se espera que contribuya tanto a aumentaa lvida (til
de los cables subterraneos en operacion, como a uved los
costos de mantenimiento.

Palabras Claves:Sistemas de Transmision, Termitas, Cables
Subterraneos.
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1. INTRODUCTION

In the seventies, three 138-kV underground cable syste
were installed by CEMIG (Companhia Energética de Min
Gerais) in the center of Belo Horizonte, Brazil. The choice f
an underground cable system was supported by advant
like (a) reliable energy supply with reduced number
outages, (b) no visual pollution, and (c) improved safety f
personnel and population in general. Overall, the init
expectation of the utlity was to obtain “zero cos
maintenance”, except against external agents (CEMIG’s)

Such expectation was confirmed by the first generation
underground cables used in the transmission line syst
Their design consisted of three metallic layers (core, she:
and armor) insulated internally by oil-impregnated paper &
externally by a PVC sheath. Core and sheath were cop
made, while the armor, which had the function of providir
mechanical resistance to the cable, was made of lead.

The successful experience with the first generation
underground cables in the transmission system of B
Horizonte has stimulated a system expansion in the eight
At that time, however, a different cable design was used
consisted of two metallic layers (core and sheath) insula
internally by oil-impregnated paper and externally by a P\
sheath. Cable core and sheath were made of aluminum
corrugated aluminum, respectively. Both the use of alumini
and the fact that only a pair of metallic layers were used in
new cable design contributed to let the cable lighter and ea
to manipulate, especially in curves. Easier manipulation, lov
production costs, and reduced installation costs indicatec
that time that the new cable design would become
benchmark to the power supply to the center of big cities.

However, experience has shown that the performance
the new cable systems installed in the eighties, which are
in operation, is below expected because of problems w
termites. This paper is intended to discuss this problegmibo
a technical and economical perspective (CEMIG’s).

The paper organization is as follows. Section Il presents
overview of the transmission system in Belo Horizonte, wi
focus on underground cable systems. The cable design
has been victim of termite attacks is also presented in de
Section Il discusses operation problems caused by termite
underground cables, with focus on their technical a
economical aspects. Section IV describes the test proce
currently in use to localize damages due to termites
underground cables. A discussion of the difficulties ingdlv
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with this test is also presented. The paper is concluded TABLEI
Section V with a discussion on future perspectives on t_ UNDERGROUND CABLES IN BELO HORIZONTE
. . . . . Underground | Adelaide- | B.Preto- B.Preto- | LTI Centro | LT2 Centro | LTCentro -
dlagnOSIS of failures caused by termites in  138-k Cable System | C.Prates Transigio Gutierrez - Sion - Sion St. Efigénia
u nderg round cable systems. Voltage 138 kV 138 kV 138kV 138 kV 138 kV 138 kV
Core material | Aluminum | Aluminum | Aluminum Copper Copper Copper
2 138-KV UNDERGROUND CABLE SYSTEMS IN Outer sheath | Corrugated | Corrugated | Corrugated Lead Lead Tead
. - material Alimmnum | Aluminum | Alummum
BELO HORIZONTE Extema‘l 550 mm® 550 mm? 550 mm® 200 m? 200 m? 400 m’
. Cross section
A. Overview Earthing Cross- End Cross- Cross- Cross- Cross-
Fig. 1 illustrates the transmission system in the citBeld | by | woedik | Gy [ beuleg | beidis | buidug
. . . . Installation Planar Planar Planar Trefoil Trefoil Trefoil
Horizonte, Brazil. An external ring of 345-kV overhead line— 23k | 0®kn | 29k | 27k | 27km | 27km

connects the substations of Neves, Taquaril, and Barreiro. 10
obtain more flexibility, the transmission system is Fig. 2 illustrates the design of the second generation
interconnected by transmission lines and substatiogables used in the transmission system of Belo Horizonte.
especially by 138-kV underground cables which agre conductor is hollow and filled with oil. The mai
represented as dotted lines in Fig. 1. These undergrogmslilation consists of paper impregnated with o
cables have essentially two functions, namely (i) supplyiag tBemiconductor material is used both on the outer surface
central area of the city with electrical energy, and (i) allowingie core conductor and on the inner surface of the sheath.
for the redistribution of power flux between the substatioh function of the semiconductor layers is to assure a unifo
Neves, Taquaril, and Barreiro whenever necessafiectric field distribution along the cable cross section, anc
(CEMIG's). eliminate voltage gradients at certain points of the inter
insulation (Rocha,200;Pirelli,1968). The inner insulatien
B. Type and characteristics of 138-kV underground covered by a corrugated aluminum sheath, which is protec
cablesused in Belo Horizonte from external agents by a PVC layer.
All underground cables currently in use in the transmission
system of Belo Horizonte are three-phase, single core, oiffilledFig. 3 illustrates the installation of a three-phase, sin
cables. Differences are found in the number of conducteisre underground cable system. The installation mett
(core, sheath, and armor in the first generation of cables, ces@sists of digging a trench and laying the cables directty ir
and sheath in the second generation of cables), and als@HI solution is economically interesting because no he:
materials (copper and lead in the first generation of cabl@mrk is necessary besides digging and refilling the tren
aluminum and corrugated aluminum in the second generatifiis technique is used in both urban and rural areas.
of cables). Details of the cables connecting the substations

shown in Fig. 1 are listed in Table I. S FARRRIRE
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Fig. 2. Cable design of the second generation lofesaused in Belo Horizonte
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Fig. 1. Transmission system in Belo Horizonte. Bdtlines represent 138-kV

underground cable systems. Fig. 3. Underground cable installation.
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Oil-filled underground cables present excellent electricaf the cables, biologists have been investigating possi
performance. However, higher operational costs and the nislasons for the attacks performed by these insects. T
of soil contamination due to oil leakage, which can be caugmuksible explanations are currently discussed: (i) termites
by termites, have been gradually leading utilities to usdétracted by the paper (organic material) inside the cal
extruded cables in recent projects. This technology uselsich serves as food; (i) termites are likely to build the
polymers such as polyethylene (EP), ethylene propyleneuses in the vicinity of cables because of the hig!
rubber (EPR), and extruded cross-linked polyethylene (XLP&mperatures on the external surface of the cable. Fig
to constitute the insulation layers, thus avoiding the @igd.o illustrates a colony of termites found on the external surffice
Overall, the good reliability and the comparatively low cost af 138-kV underground cable.
extruded cables have made this type of cables the indufsgardless of the cause, it is not possible to avoid terr
standard in recent years. However, many utilities still operatttacks to underground cables already in operation. In the
oil-filled underground cables that have an expected lifetime @f new projects, an alternative would be the use of a e
many decades. For this reason, suitable measures aimingrieor, which is more resistant to the corrosion process tl
reducing operational and maintenance costs related watbminum.
oilfilled underground cable systems remain necessary. In
particular, the study of new procedures suitable for improy
on-line, pre-failure detection is needed to prevent insulati
failures caused by termites.

3. SYSTEMATIC PROBLEM WITH 138-KV
CABLES: DAMAGES DUE TO TERMITES

A. Description
Since 1986 termites have been causing serious damage: &
138-kV underground cables installed in Belo Horizonte.
reasons yet to be determined, they create punctures in the |
layer covering the cable. This leaves the corrugated alumin
sheath exposed, which ultimately leads to a corrosion proc
that culminates with oil leakage to the ground. If a significa 7
volume of insulating oil is drained out of the cable, a shd e e o
circuit may occur. This event has devastating consequence&i&c>: Typical colony of termites found around tables.
the system operation, leading to outages and requiring very

long and expensive maintenance service. Fig. 4 illustrates theB- Maintenance costs

oil leakage caused by a puncture due to termites on a 13gf&/iodical tests are performed in an attempt to identify |
transmission line.

existence of punctures on the PVC layer covering the ca
sheath. If a puncture is found, a hole must be opened in
ground for repair. In the last five years, CEMIG has spe
about US$75,000.00 per year only with digging services. T
periodical tests also include expenses with (a) allocation
personnel to perform power flux studies to keep
transmission system in service during the repair, (b) allmtat
of personnel to perform the required switchgear operatio
and finally (c) mobilization of the maintenance crew f
perform the tests, identify the point of the damaged sheath
do the repair.

If the maintenance crew fails to identify the existence o
puncture on the PVC layer covering the cable, corrosi
process may take place in the aluminum sheath and a s
circuit may result as explained before. Interestingly, the sh
circuit is unlikely to occur at the point where the oil leakis o
of the cable. In general, it occurs at the point where the

o £ e volume becomes less than necessary to maintain the elect
Fig. 4. Oil leakage found in the maintenance of 188 kV transmission line jnsulation during the leakage process, which usually occur:

Adelaide = Carlos Fraiesin 1997 _ the higher point along the cable section. This brings gr
To prevent damages caused by termites on the external Shﬁﬂ'ﬁ&ulty to the maintenance crew, because two points h
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now to be repaired along the cable, namely the short-circuiitage signal is applied between the metallic shield and ea
point and the oil-leakage point. Initially, the maintenance tests were performed following tl

In the last 12 years CEMIG had eight serious problemsescription of the manufacturer, which recommends
whose solutions depended on the technical assistance ofagglication of a DC signal of 5 kV (Pirelli, 1968). The
cable constructor. Each specialized intervention costs abpassible test results would then be classified as folloyvs: (
US$30,000.00 to mobilize team and equipments and U® resulting current does not exceed 10 mA, the cable
3,600.00 per working day of the specialized team. Normallyonsidered puncture free; (ii) if the current exceeds 50 n
after the repair is made, 15 days are necessary for cdhkcable is considered damaged; (iii) if the resulting cursen
treatment (CEMIG’s). in the range of 10 mA-50 mA, there is a chance that the ce

When repair is required at a single point of the cable, i.lyer has some minor puncture. Since, if existent, the punc
if a puncture is identified before any short circuit takes placgould not be easily identifiable, current values are registel
the maintenance service is relatively fast and do not requared periodical tests are performed in order to check
the manufacture of joints. However, if joints need to bevolution (or not) of such values.
manufactured, the whole maintenance work can last two to After years of experience it was decided to reduce the |
three months. The costs involved in this case typically exceadltage to 2.5 kV since damages were noted on the exte
US$300,000.00, considering the price of the kits of goartd layer of cables even in the absence of punctures that coul
the cost of services like (a) searches to localize the pointrefated to termites, or in areas that were clearly termite fr
fault including the digging process, (b) joint manufactyyin This suggests that some of the cable damages could have
(c) oil treatment, and finally (d) adjustments in oil pressu  induced in the long term by the periodical 5 kV tests.

Of course, some of the cable damages are not due to
termites but caused by other agents. For example, an accidenB. Location of damages on the insulating cable layer
occurred in 2007 involving a telephone company that hit two If the sheath current measured in the test describec
138-kV underground cables during excavation services. Thection IV.A exceeds about 50 mA, another test is neede
accident caused oil leakage which ultimately led to a shatentify the exact location of the puncture. This informat&n
circuit on the top position of the cable. The total maintenaneecessary for the maintenance crew to perform the re
cost reached US$700,000.00, and the underground cdBlenseca, 2007).
system became 100 days out of service. The same voltage level previously used to detect |

damage of the cable sheath is applied between the met
shield and earth but now in pulsating mode, with :

4, A DISCUSSIONOFTESTSUSEDIN CEMIGTO  grounding boxes disconnected. This procedure aims
IDENTIFY DAMAGES CAUSEDBY TERMITES identify the exact location of current leakage. This is made
means of external sensors that measure the voltage drop o

A. Detection of damages on the insulating cable layer ground surface above the cables. It is important to note

The procedure to detect damages on the outer insulafifi§ test is efficient only before the oil starts to leake Do
cable layer consists in applying a voltage signal between Ag insulating properties of the oil, the measured current le
metallic shield and earth and checking the resulting currei§t.significantly reduced after the oil leakage, which mak
This test requires the underground cable to be out of serviééficult the correct location of the puncture.
which is costly and disadvantageous. In addition, all grednd  If there is more than one puncture along the cable,
points of the shield along the tested section must Bgnalintensity is stronger around the puncture that &echm
disconnected (Fonseca, 2007). the voltage source. It is usually harder to identify the looati

Normally, one day is spent to isolate the cable and perfofhthe other punctures because of low signal intensity (ofos
the test. In the case of detecting any damage, it is necessaff@o injected currents return to the source via the fi
check the line sections between the grounding boxes, whighicture).
increases the inoperative time of the system. In order to find the failure pOint, a methOdOlOgy name

In a given line section, to discover if there is another holgopie Technique” is used (Fonseca, 2007). The sens
on the sheath, it is necessary to repeat all the process (digsgument consists of a galvanometer whose terminals
trench, access the cable, disconnect the grounded points offHenected to a pair of metallic rods (probes) that are placec
shield, and apply the electric signal again). The work can |4 ground surface, approximately 3 m apart. The t
up to a week. During this period the electrical system beconfégcedure, which is illustrated in Fig. 6, is described
susceptible to failures since the flexibility of the substats follows. The transmitter injects a pulsed voltage signal ir
reduced with such transmission line out of the system. the cable sheath. If a puncture exists, a closed loop is cre

A DC power supp|y able to provide up to 12 kV (opemduding the transmitter, the cable Sheath, the pUnCtUre,
circuit) and to supply up to 500 mA is used in the téBte the earth return path. As a result, a potential rise is develo
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at the non-intentional grounding point created at the puncture.However, it has the disadvantage of being an offline t
The probes are then used to sense the voltage drop onthihe requires the underground cable to be out of servi
ground surface. Between the transmitter and the punctdmother intrinsic problem of this test is the requiremeht
(point A in Fig. 6), the rods measure an increasing voltageagplying a high voltage on the PVC layer, which is suspec
one approaches the puncture (positive deflection on tioebe causing a faster aging of the cable insulation w
instrument, pointing to the failure point). Between thdamages similar to those caused by the termites. Furthern
puncture and the isolated end of the cable (point C in Fjg. #e cost related to the mobilization of the maintenance crev
the rods measure a decreasing voltage (negative deflectiorveny high due to the long time spent during the tests.
the instrument, also pointing to the failure point). hiet It is argued that new procedures are needed for impro
puncture is right between the rods, deflection is null due d¢o-line, pre-failure detection. Test improvement wi
symmetry conditions (point B in Fig. 6). hopefully contribute to increase the lifetime of undergroul
After locating the failure point (point B), a trench is openables currently in use, as well as to reduce maintenance c
for the maintenance crew to perform the repair. After that, This scenario suggests the need of improved on-li
another test is performed like described in Section IV.A pyefailure detection tests. The priority is to develop
check if there is another puncture along the outer cable layeethodology that could identify eventual damages with t
If so, the puncture location procedure is repeated transmission line in operation, only putting it outsefvice to
In general, about 1 hour is spent to detect if the caliletermine the region to be dug in order to perform t
sheath is damaged and 2 hours to locate the punctueeessary repairs.
(considering one line section). The total costs involved range As an attempt to correlate power deliver, cab
around US$500 per line section. temperature, and sheath currents, CEMIG has rece
introduced monitoring systems in underground transnmiss
lines to measure core currents and oil pressure. Furtherm
) systematic measurements of the sheath currents are curr
~___— being performed. The results are still inconclusive, but t
{ IS v idea is to verify if specific operative conditions could lead
L = an increase in the probability of termite attraction.
HJ Another aspect to be evaluated is the applicability
- traveling wave theory as a basis for a test to locate punct
{ 3) } L along the cable. Studies related to such topic are un
{ ; — —— analysis.
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