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FOREWORD 

Phe.nome.M and tec.hnology in the. UHV .l!.ange c.oMtitute 

one on the mo.6t ac.tive MeM 06 PoWVt SY.6te.m Rc.J.>e.aJl.c.h and 

Vevelopmen:t. Nwne..l!.OM expe..l!.U, .6pec.iai.ize.d in the. d-i66vrent 

alte.M a.l!.om the. aundame.nta.t .6c.-i.e.nc.e. :to the c.omponettt.6 manu

aac.tu.I!.e., Me. .&tvolve.d; the.-i..I!. IAXMk ,t.6 known th!r.ough an 

e.xte.n.Mve. Ute..l!.a.tu.I!.e. and -i.6 the. .6u.b je.c.t 06 d-i..6cM.6ion w.<.thin 

the e.le.c.tfLo-te.c.hn-ic.a1 o.llgan-iza.U.oM, ge.ne.l!.ally within the.iA 

.l!.elevan:t .6pe.c...i.ai.L6ed bod,te.6. In paJr.tic.uiaJt, thi.6 «.IO.I!.k-i..6 

.l!.eMe.cte.d -in the. ac.tiv-ity on VaJr.-iOM CIGRE Study Cornrn-itteeJ.J. 

The. pla.nn-i.ng eng,tnee..l!. e.nv.i..6ag-ing UHV tttaMm-i..6.6-i.on 

.6y.6:te.m.6 ne.ed.6 a mo.l!.e. .6ynthetic ,tn60~mat,ton to g~Mp the 

gene..l!.al 6e.a.tu.I!.e..6 06 p.l!.oblem.6 to be .6olved and to know the. 

mMn .IleJ.Ju.U.6 achieved, the qUe..6tioM .6till open and the 

p1logJt~ 06 Jte.la.te.d .6tud-ieJ.J. 

(*) Working group composition: M. Sforzini, Convener (ENEL, 
Italy) ~ S.A. Annestrand (BPA, U SA) ~ J.C. De t-1.ede iros (CEPEL, Braz i1) 
Y. Ichida (Tokyo Electric Power Company, Japan) U. Jonsson (Swedish 
State Power Board, Sweden)~ A. Mercier (Hydro Quebec, Canada); H.B. 
Norman (Electricity Supply Commission, South Africa); A. P~rrino 
(ENEL, Italy); V.A. Venikov (Academy of Sciences, USSR); B.J. Ware 
(AEP Service Corporation, USA). 

( i ) 



( ii ) 

To tfU..6 a.im study Cornm.i.tte.e. 31 "POW'2-'L SY.6te.m Punning", 
d~.ing the. mee.t.tng he.ld .in Pak.t.6 .in Se.pte.mb~ 1980, ag~e.ed to 
..6e.t up a ~IOftk.tng G~oup (oro 31.04 J to p~ov.tde. .innOltmat.ton on UHV 
~aMmLM.ion ~th ..6pec..ial ~e.nVlenc.e to the.6e data. that Me. 06 

.intVc.e.U: nOft netwOltk. p.ta.nrung. Mo~e p~ec.,u,e.ly the .6c.ope..6 06 the 

Wo~k..ing G~oup ~e. de6.ined a.6 60lto~: 

1J Collec.t.ton 06 .in60~mat.ton on plan.6 60~ 6u~e AC and DC 
UHV ~aMm.i.6..6.ion .6y..6tem.6 a.6 welt a..6 on e.u.6t.tng UHV .61J.6te.m.6i 

ZJ Coltec.t.ton 06 data on tec.hn.ic.a1 and e.c.onom.ic. 6ea.6.ib.il.ity 
and on genVc.ai de.6.ign 06 AC and DC UHV ~an.6mi.6..6.ion; 

3) Colte.c.tion 06 .in60~ma.tion on the ~ueMc.h .in p!log~eM .in 
the. UHV Mea, both AC and DC, .in the d.i66Vlent c.oun~.ie.6i 

4J Collec.tion 06 .in60~mation on the ~elated te..6ting 6ac..il.ttie..6. 

DWt.ing the meeting he.ld .in R.io de Jane~o .in SeptembVc. 1981, 

the Stu.d.tj Cormt.itte.e, a6tVc. c.otv.,.idVc.a-Uon 06 a plteUm.ittaky ~a6t, 

ag~eed to l.im.tt the ..6Wtvey to the. ~atv.,m.t.6.6.ion, both AC and VC, 
at 7000 k.V and above.. 

The .innoltmation gathVc.e.d, .in the. ye.aJt.6 1981 and 1982, .in 
a 60ltm a.6 homogeneou.6 a.6 pO.6.6.ible., 6ltom the. C.Ou~.ie..6 ac.tive. 
.in th.t.6 voltage Itange.-Bkaz.il, Canada, Italy, Japan, un.tte.d state.6 

(BrA and AEP/ASEA), USSR - .t.6 plte..6e.nte.d .in th.i.6 ~epoltt, e.d.ite.d 
on beW6 06 the. Woltk.ing GItOUP 31.04, by .it.6 c.onvenVl, ,v.Jt. M. 

S601tz.in.i. The. .in601tma:U..on .t.6 g.ive.n undVl 60Wt ma.in head.ing..6 
c.o~~e.6pond.ing to the. above ment.tone.d .6c.0pUj 601t de.ta.tl.6 ~e.6Vc.enc.e. 

.t.6 made to ltathVc. laJr.ge b.ibl.iogltaphy. 

The .6ynthet.tc. but c.omp~e.he.tt.6.ive. v.iew 06 the. .6tate 06 
Re.6eaJr.c.h and Development on the UHV poweJt .61j.6tem.6 .6ho~ the 

numb~ and the d.inn.iculty 06 the pltoblem.6 .tnvolved, tho.6e on 

c.orrrnon .int~ e..6t and thMe aJr..t.6.tng nltom paJr.t.tc.ulaJr. need.6 .in d.i66Vc.ent 
c.oun~.te.6. It ~ ment.toned how th.t.6 outlook. .t.6 a need 60~ the 

piann.tng eng.ine~, but .tt c.an be U.6enl1i 601( othVc. eng.ineVl..6 not 
paJr.t~c.uf.aJr.f.1j .6pec..taf..i.6ed .in the UHV 6.ietd. 



iii 

Th[ pk[~[nt ~[P~t g~ve~ a p~etuA[ 06 th[ ~tua~on ~n 

1981-&2; ~n th[ 6utuk[ ~t eou~~ be pko~~tabt[ to ~[p[at ~ueh 
a ~V[y ~om[~[~, ~n o~d~ to me~~e the ~og~[~~ aeh~eved. 
In th~ ~e~pect, ~t ~houtd be ~ee~~ed that, a6t~ the ~e

MgaY!L6atJon 06 P'lev~ou~ Study Corrrn~ttee~ 31,32 and 41 ~nto 

th[ new Study Corrm~tte[~ 37, 38 and 39 a £aJtge PMt 06 the 

ae~v~ty ~n thAA MC!.ed. WL6 [ntJr.u~ted to SC 38 "Sy~tem Ana

ty~~ and Teehnology" wh~e a n[w IJ:Mk~ng G~oup 38.04 [.(X(...6 

~et up. 

M. VALTORTA 
C~man 06 SC 31 
"Sy.6tem P fun~ng" 





1. PLANS AND JUSTIFICATIONS FOR AC AND DC TRANSMISSION 
AT 1000 kV AND ABOVE 

BRAZIL 

The need for large power transmission by the 1990's is 

outlined in Figure 1. 

A characteristic of Brazil is the great availability of 

hydroelectric power and the highly favourable conditions for its 

harnessment. 

The main load concentrations in the country are located 

in the coastal areas of the Southeast, Northeast and South. 

Preliminary investigations have suggested the technical 

and economical feasibility of long-distance transmission from the 

Amazon right tributaries into the Northeastern and Southeastern 

load concentrations, which lack generation. Distances may vary in 

the range of 1500 km to 2300 km and power block up to 20,000 MW 

might be considered for transmission in the nineties. Under these 

circumstances, high capacity UHV AC and/or DC transmission would 

be re qu ired. 

Canada-British Columbia Hydro 

Technical and economic considerations that led to planning 

studies in the UHV area may be summarized as follows: 

- a large, remote hydroelectric project is planned for service 

in the 1990's which requires a transmission voltage higher than 

SSO kVi 

1 
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- an 800 kV two-line system would require series compen

sation higher than 50 pour cent while a 1200 kV two-line system 

would require little series compensation but would be relatively 

expensive. For this reason, a two-line system at an intermediate 

level in the order of 1000 MI is considered as an alternative to a 

three-line 800 kV system; 

- the 1000 ~ alternative is attractive because it would be 

an acceptable overlay voltage on 550 kV in the long term, it would 

not require a high degree of series compensation and would offer 

some reserve capacity for future generation developments and for 

export opportunities (the 800 XV system would require, on the other 

hand, less equipment design development and will remain as a possible 

alternative, pending further studies). 

ITALY 

The opportunity has been foreseen to install large power 

generation capabilities in a few sites relatively far from the load 

areas. At this stage a new voltage level, which has been prelimi

narily identified around 1000 XV, would possibly be overlaid on the 

existing 420 kV network. 

Reasons for considering such a system are: 

- the possible need for transmission of large power blocks 

between few generation sites (nuclear or coal power plants) and 

relatively distant load areas; 

- the need to limit the density of electric installations 

over the whole national territory, thus limiting interference with 

the environment; 

- the economic advantage (taking into account capital 

costs, losses and reliability) of this solution as compared with other 

solutions, and in particular with the expansion of the existtng 

420 kV system. 

JAPAN 

The UHV Outer Trunk transmission system will be overlaid on 

the existing 500 kV system in the early 1990'5(see Figure 2). 
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Functions of the future UHV system will be: 

- to overcome the stability problems of the existing 

500 kV bulk power transmission system~ 

to obviate the problems of excessive short circuit power 

in the eastern portion of the system (with the 500 kV transmission 

network split into several blocks)~ 

- to establish the basis for long-distan~e bulk trans

mission in the distant future. 

UNITED STATES AEP 

The UHV network scheme is not yet finalized. Trans

mission voltage levels above 1000 kV will be justified when a 

total internal load of 35,000 MW is approached. This is expected 

to be in the late 1990's. 

The economic evaluation of possible alternatives (consider

ing load growth, generation expansion, land use, flexibility and 

system reliability) led to system planning and related research in 

the area of transmission above 1000 kV. 

The functions of the future UHV system, for which a voltage 

level around 1500 KV is foreseen, will be: 

- economical transmission of large amounts of power~ 

- stabilization of the power system to withstand large 

generation and transmission outages; 

- limitation of the number of transmission lines in order 

to reduce environmental impact and land use. 

When going to a higher system voltage, the increased transfer 

capacity of the line should justify its increased cost: the power 

transfer capability of a 1500 kV line is 4.2 times larger than that 

of a 765 kV line whereas its cost increases roughly by a factor of 

3.5. Application of 1500 kV transmission also becomes justified 

when it is necessary to transmit more than 5000 MW over very long 

distances (450 km or longer). 
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UNITED STATES BPA (Figure 3) 

The transmission capacity across the Cascade Mountains will 

be increased from about 19,000 MW in 1980 to about 25,000 MW in the 

year 2000. BPA anticipates having one line, with a capacity of 6,000 

to 8,000 MW, in service by that year. This line may be built as early 

as 1995. Additional lines may be needed at approximately 5 year 

intervals. 

Power transmission at 1100 XY rather than 500 XY offers 

several advantages: 

- better utilisation of rights-of-way; 

- reduced environmental impact: 

- reduced losses: 

- economy of scale. 

Studies show that a 300 km length of 1100 XY line will be 

more economical when the required line transfer capacity exceeds 4000-

5000 MW. 

The main function of the future UHV system will be the 

transfer of a large amount of power between two different areas with 

few corridors. 

U.S.S.R. 

The power plant capacity of the USSR Integrated Power

System will reach 304 GW in 1985. This figure takes into account the· 

integration of the combined Central Asian power system. 
. 

The construction of UHV AC and DC lines is due to the need 

of strengthening the electrical links between integrated power systems, 

thus increasing the maneuverability and reliability of these systems, 

as well as to the need of transmitting great quantities of energy from 

Ekibastuz, Surgut, and other big thermal,nuclear and hydropower plants 

to the centres of consumption. 

In the years 1975-1980, construction of the Ekibastuz

Tambov 1500 kV DC transmission line was begun. 
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Thi~ line, besides having intersystem functions, will be 

the link for transmitting large amounts of electric energy to the 

Urals and the Central Area. By 1985, it is planned to build about 

4000 km of 1150 and 1500 ~ transmission lines (1500 km at 1150 KV 

AC and 2400 km at 1500 kV DC). 

In the Eastern regions, the most important task in net

work development is the construction of 1150 kV transmission lines 

to transmit the power of the Ekibastuz thermal power plants, thus 

covering the ever-growing deficiency of the Urals united power 

system. Provision has been made for the construction of a 1150 kV 

transmission line to transmit power from the Berjozovsk thermal 

power plant. This line is part of the 1150 WI Siberia-Kazakhstan

Urals trunk line. 

2. TECHNICAL AND ECONOMIC FEASIBILITY AND GENERAL DESIGN 
OF AC AND DC TRANSMISSION AT 1000 kV AND ABOVE 

The data on technical-and economic feasibility and 

general design so far available from the various countries, are 

described in the following paragraphs and summarized jn Table I. 

2.1 

ITALY 

T ltatt-6mWMo n c.apac..ity 06 Unv.,. Rate.d c.uJ[1t en.t6, ..6ingte and 
fuee-pha...6e ..6hOJc.:t ci.Jtc.u.it c.WtJten.t6 

With reference to a possible 1050 XV system, an initial 

loading of 3000 MW and an ultimate loading of 5000 MW (10,000 MW 

jn emergency) are foreseen for the transmission lines. Circuit

breakers with interruption ratings of 63 kA and rated currents of 

4000 A (6000 A in emergency) are envisaged. 

JAPAN 

For the 1100 kV double circuit transmission system, an 

initial loading of approximately 5,000 MW and an ultimate loading 

as heavy as 18,000 MW of some line sections, are envisaged. 

Three-phase short circuit currents of 50 kA or 63 kA 

are estimated. 
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UNITED STATES - AEP/ASEA 

On the basis of present knowledge, rated current should 

not be a determining factor for UHV lines. Corona performance is 

likely to call for conductor arrangements providing a high level of 

current carrying capacity. Economic studies of the cost of losses 

are in progress, however, to see where larger conductors than those 

required by corona might be justified. 

Interruption ratings of 40 kA for circuit-breaXers and 

disconnect switches are envisaged, with provisions for future 

ratings of 60 kA. 

UNITED STATES - BPA 

For 1100 kV lines, an initial loading of 3500 MW and 

an ultimate loading of 6000 to 8000 MW are considered. 

Preliminary studies indicate short circuit currents of 

25 kA. Power circuit-breakers with a standard rating of 40 kA will 

probably be used. 

USSR 

The transmission capacity of 1200 kV lines in the USSR 

will be 5000 MW. Circuit-breakers with interruption ratings of 

40 kA and rated currents of 4000 A are envisaged. 

2.2 

ITALY 

The initial size of transformers and autotransformers 

should be 1200 MVA (400 MVA single phase units with modular columns 

of 200 MVA). The final size of transformers and autotransformers 

should be 2400 MVA ~800 MVA single phase units). 

JAPAN 

The size of transformers, autotransformers and reactors 

has not yet been decided. 
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UNITED STATES/AEP/ASEA 

Single-phase ratings for present technology transformers 

are limited to 1000 MVA. 

The rating of line compensating shunt reactors (modular 

units) should be 250 Mvar. 

UNITED STATES - BPA 

Transformer banks rated 3000 MVA and 4500 MVA are being 

investigated. Considering stages of development, system losses, and 

series compensation requirements, initial development with two 3000 

MVA transformer banks at each end of the line is presently the pre

ferred opt ion. 

The size of shunt reactors and series capacitors has not 

yet been determined. 

USSR 

Single-phase three-winding power autotransformers with 

rated voltages of 1]50/ 13; 500/ 13; 20 ~ and a rated power of 

667 MVA, will be installed. 

be 300 Mvar. 

2.3 

ITALY 

The size of the first single-phase shunt reactors wil] 

Bu.-6baJt -6c.heme-6 nO/[ genVtation and -inte!(c.onnec.tion -6Ub-6ta.tioM. 
Rel-ia.b-il-ity p!(oblem-6 nO!( -6Ub-6ia.tioM. Requ~ed !(el-iabil-ity on 
netwo!(k c.omponent6 

Metal-clad substations are under development and intensive 

studies are in progress to achieve very high reliability of the 

components. Present substation design is based on a double bus-bar 

scheme with one breaker per bay and a coupler. The one-and-a-half 

breaker scheme is under study for comparison purposes. 

JAPAN 

The bus-bar scheme for interconnection substations will 

be the double-bus and 4 bus-tie arrangement. 
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The reliability of 1100 ~ components is required to be 

higher than that of 500 ~ components, which is already high in 

Japan. 

UNITED STATES/AEP/ASEA 

The substat ion des ign has not yet been made. 

At 765 kV level a number of equipment failures have been 

experienced, particularly on transformers and reactors. The 

objective is to obtain UHV equipment having reliability levels at 

least as good as for 345 kV equipment. 

UNITED STATES - BPA 

Initial development with one line will be a point to point 

transmission. Substation design for parallel lines is being studied. 

The 1100 KV system will be required to meet or exceed reliability 

criteria applicable to existing systems. 

USSR 

The design criteria for the bus-bar layouts of UhV sub

stations are: 

- adequate reliability of consumer power supply and power 

flows over the transmission lines under normal operating, repair, 

postfault conditions; 

- a limited number of circuit-brea~rs operating simultan

eously: two in the case of a line fault, and three for a transformer 

fault; 

- use of disconnecting switches only for de-energizing the 

switchgear to be repaired. 

For the Itat substation, one of the first substations of 

the future 1200 XY network, the choice has fallen on a bus-bar 

scheme consisting of two sections interconnected by circuit-breakers, 

with each line connected to the bus-bars by means of two circuit 

breakers and with rigidly connected autotransformers. 
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At the Kuzbass substation a similar bus-bar scheme will be 

adopted, with only one bus-bar section. 

The one-breaker-and-a-half bus-bar scheme, whose reliability 

indices are a little higher than those of the two section scheme, 

was not chosen because of the greater number of equipment units and 

the more extensive land occupation involved. 

Arrangements providing for a single bus-bar and a transfer, 

as well as double-bus-bar systems were not considered at all, since 

they did not comply with the above-mentioned requirements • 

. 2.4 Reactive. powVt c.ompe.~ol1.. Ac.c.eptable voUa.ge. pJr.o~ile...6. OvVt
voUa.gu. IMuia.t.i.ol1. le.ve.U. 

ITALY 

The operating voltage should I ie between 950 1<\1 and 1050 kV. 

Shunt compensation is only foreseen for lines longer than 

250 km. The opportunity' of adopting static var system (SVS) compen

sation is being considered. 

Only single-phase autoreclosing is foreseen (with grounding 

switches for arc-quench ing) . 

Expected overvoltage levels are: 

- maximum temporary overvoltage : 1.35 p.u. 

- statistical switching overvoltage (U 2 percent) (1) 1.72 p.u. 

The following means of overvoltage control are considered: 

- 1-step, 500- n preinsertion resistors; 

- 500- n opening resistors (only for some terminals of the 

future network); 

- zinc oxide arresters; 

(i) Overvoltage level having a 2 percent probability of 

be ing exceeded. 
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- line connected reactors (for lines longer than 250 kID). 

The insulation levels foreseen for substation equipment are: 

SIL 1675 kV 

BIL 2250 kV 

The preliminary specifications established for line insu

lation, with reference to the circus tower, are the following; 

JAPAN 

- phase-to-earth insulation 50 percent sparkover 

voltage:2.3 p.u. 

- phase-to-earth clearance: 7m: 

- phase-to-phase clearance.: 14-15 m; 

- phase-to-earth insulator string length : 8 m; 

- minimum mid span clearance to ground at 55 0 C (2) : 15m: 

- minimum mid span clearance to ground at 700 C (3) 8. Sm. 

Adequate capacity and allocation of shunt reactors are 

be ing studied to prevent the system voltage. from: 

a} exceeding the specified maximum voltage, 

b} reactive power from flowing into generators, 

c) to prevent the occurrence of resonant overvoltages. 

Fast mUlti-phase autoreclosing is being considered. 

The switching overvoltage level should be as low as the 

inherent ground fault surge level. Metal-oxide surge arresters and 

circuit breaker opening and closing resistors are considered as 

suitable means to control overvoltages. 

UNITED STATES/AEP/ASEA 

A 75-100 percent shunt reactive compensation is foreseen. 

Aut6reclosing will be at ultra-high speed(1/2 second): it can be 

(2) For switching overvoltage withstand requirements. 

(3) For operating voltage withstand requirements. 
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either one-phase or three-phase with trap charge decay. 

Present objectives are to limit temporary and switching 

overvoltages to 1.1 and 1.6 p.u., respectively. The use of circuit 

breaker closing resistors, breaker closing time control, shunt re

actors, trap charge decay and arresters is being examined. 

1500 kV protected equipment is being specified to have. 

an SlL of atleast 2400 kV 

an BlL of atleast 3000 kV 

The following clearances are suggested for the line, for 

.a maximum 1.6 p.u. overvoltage: 

10.4 m phase-to-earth clearance 

24.0 m minimum clearance to ground 

23.8 m phase-to-phase clearance 

Minimum length of insulator strings:13.0 m. 

UNITED STATES/BPA 

The voltage at the terminal ends of a line should not exceed 

1200 kV on a continuous basis. Elsewhere along the line, the maximum 

operating voltage will be permitted to exceed 1200 kV by 1 - 2 percent 

due to unusual loading conditions. 

Shunt reactors, permanently connected to the terminal ends of 

the line, will provide for 70 - 80 percent compensation. Series 

compensation will amount to 30 percent or more between 500 kV buses. 

The statistical switching overvoltage 

line, U2 percent, will be 1.5 per unit and the 

voltage for substation equipment 1.5 per unit. 

for the transmission 

maximum switching over

Gas and oil insulated 

substation equipment will have a minimum BlL of 2175 kV and a minimum 

SIL of 1800 kV. 

USSR 

In the 1200 kV network the insulation level of the equipment 

is determined on the basis of a permissible switching surge factor 

which is taken equal to 



1.8 U 
p.u 

with U = 
p.u. 
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1200 .fT ______ kV 

The acceptable level of temporary overvoltag~ is 1.3-1.4 

p.u. The protection system against switching surges, which ensures 

the 1.8 p.u. factor, includes the following: 

- surge arresters, also of the zinc-oxide type; 

- shunt reactors with extra-high-speed energizing; 

- fast operation of the surge arresters of shunt 

reactors during extra-high-speed energization; 

- closing resistors on circuit-breakers; 

- inductive and ohmic resistors in the reactor neutrals; 

- protective relays against voltage rise, automatic switch

ing-sequence programmers, etc. 

For non-polluted areas, the external insulation creepage 

path of all substation equipment is taren equal to 1.5 cm/kV, with 

reference to the maximum system voltage. 

The withstand voltages of 1200 ~ electric equipment are 

given in Table II. 

2.5 UHV i-i.ne. du,-i.gn : Vc.aMm-U..6-i.on c.apac..ity, fund oc.cupation, c.OJtona 
and iightn-i.ng peknO~mal1.c.e.. 

ITALY 

Bundles of eight 31.5 mm diameter ACSR conductors and non

conventional supports (circus towers) are envisaged for the 1050 kV 

1 ines. 

The transmiss ion capac it ies of these 1 ines are approximately: 

- thermal capacity 10,000 MVA 

- surge impedance loading 4500 MVA 

Expected audible noise values at 15 m from the outer con

ductor are 56 - 58 dBA for wet conductors (after rain conditions) and 
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TABLE II 

USSR 1200 kV project. Withstand voltages of electrical equipment 

< 

Withstand voltage kv 

Power frequency LIWL SIWL 
voltage 

Insulation 

1 nun 1 h smooth full chopped 
I"'ise wave wave 

Power trans- 1100 900 1300 2550 2800 2100 
formers, auto-
transformers 
and shunt re-
actors. 

Bushings for 1150 - 1300 2700 3000 2100 
power trans-
formers and 
shunt reactors 

switchgear, 1150 - 1300 2900 3200 2100 
current trans-
formers, capa-
citor type pot-
ential trans-
formers, insu-
lators (except 
for bushings) 

Between open 
contacts of: 

a) a ir blast 2000 - 2000 2900 3200 2100 
circuit 
breaker 

b) disconnect-
ing switch - - 1500 3300 - 2400 
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58 - 60 dBA under rain. 

The radio interference (RI) level at 15 m from the outer 

conductor - 80 percent value of the overall statistical distribution -

is 60 dB (above 1 ~ V /m) • 

The maximum electric field at ground, with a 15 m height of 

the conductors above ground, is between 11 and 15 kV/m. , 

As regards the lightning performance of a line, a maximum 

shielding failure current of 15 kA and no back flashovers in the 

vicinity of substations are foreseen. 

UNITED STATES - AEP/ASEA 

The des ign of conductors for 1500-1600 kV I ines is not· f ina

lized yet. Regular bundle conductors with 18 and 9 ACSR subconductors 

have been studied. Regular bundles with 10 ACSR subconductors and 

lines with non-conventional conductors are under investigation. 

The right-of-way for a 1500-1600 ~ line is estimated to be 

around 125 m. Based on the performance of the AEP 765 kV system, 

which has generally been acceptable to the public, the criterion for 

UHV conductors is that audible noise should be less than 55 dBA at 

the edge of right-of-way. It is believed that, with the audible 

noise of a 1500 kV line limited to 55 dBA, RI will not exceed 58 dB 

(at 1 MHz) at the edge of the right-of-way and the three-phase corona 

loss will be about 130 kW/km in foul weather. 

UNITED STATES - BPA 

Bundles of eight 42.4 mm conductors are envisaged for the 

1100 kV lines. The bundle diameter is 107 cm. 

Self supporting towers in delta configuration and cross rope 

suspens ion towers are be ing cons ide red . 

Audible noise levels will meet State noise regulations and 

will be limited to maximum 50 dBA at the edge of the right-of-way in 

noise sensitive areas. 
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The 1100 kV line will be designed for a lightning caused 

outage rate of less than 0.1 per 100 km and year, which is equivalent 

to criteria for 500 kV lines. 

USSR 

As regards audible noise, the 50 percent level must not 

exceed 55 dBA at 45 m from the outer phase under rain. 

The corresponding level of radio interference is 58 dB at 

0.5 MHz, measured in accordance with CISPR recommendations. 

Gradients of 3~ 5 kV/m may be considered a safe level for 

determining the right-of-way required width. 

However, the distance from the outer phase to the edge of 

the right-of-way for 1200 XV lines in USSR is above 75 m and the 

actual gradient at the edge about 0.5 kV/m. 

3. RESEARCH IN PROGRESS IN THE AREA OF AC AND DC TRANSMISSION 
ABOVE 1000 kV 

3. 1 IntVtnal and UghWng OVVLVOUa.gv.. 

ITALY 

Present objectives of internal and lightning overvoltage 

stud ies are: 

1) To evaluate the switching overvoltage distributions for 

various configurations expected in the development bf the system, and 

the risks of insulation failures for different insulation levels of 

the line. 

2) To evaluate the technical and economic advantages of various 

means for controlling switching overvoltages, and the limits imposed 

to this control by overvoltages due to line-to-line and line-to-earth 

fault inception (the latter overvoltages cannot be controlled, in 

practice) . 

3) To evaluate the effect of zinc-oxide surge arresters on 

mternal overvoltages and to provide criteria for the choice of the 

roost suitable rated voltage for these arresters. 
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4) To determine the lightning overvoltage stresses in gas 

insulated substations and the optimum position and number of surge 

arresters as well as the insulation level of substation components. 

Network simulation is made by means of CESI's TNA and of 

digital programs. 

As regards, in particular, the lightning performance of 

UHV lines, the research has the following objectives: 

- obtain more accur3te criteria (both mathematical methods 

and analogic models) for determining lightning stresses on line 

insulation7 

- optimize the shielding of UHV overhead lines; 

- determine the behaviour of insulation subjected to lightn

ing overvoltages. 

JAPAN 

switching, lightning and temporary overvoltages are being 

studied for various system operating conditions. 

UNITED STATES - AEP/ASEA 

Research 1S in progress as regards the means of controll

ing temporary and switching overvoltages (use of circuit-breaker 

closing resistors, breaker closing time control, shunt reactors, 

trap charge decay and surge arresters). 

Digital studies have been performed by means of ASEA's 

TRANSO program and AEP's in-house computer program. The transient 

network analyzer facility at IREQ was used for an extensive study. 

UNITED STATES - BPA 

Study objectives are to determine: 

1) Statistical distribution of amplitudes and wave shapes 

for phase-to-ground and phase-to-phase overvoltages; 

2) temporary overvoltages; 
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3) maximum fault induced overvoltages and relevant wave 

shapes. 

Sensitivity analyses will be conducted relative to source 

impedance, transformer impedance, line length, size of series capa

citors, line configuration, etc. 

CANADA-HYDRO QUEBEC 

Air insulation tests on substation and line configurations 

for transmission voltages of upto 1500 kVwere performed in IREQ's 

high-voltage laboratory (although the tests were performed indoors, 

the dimensions of the high-voltage hall - 67 x 82 x 51 m high - are 

large enough to ensure representative results): 

- Tower windows with conductor-to-tower clearances of up 

to 9 m were tested with switching impulses of various fronts. These 

tests allowed the U characteristics of the corresponding air gaps 

to be produced and the critical impulse front to be determined. 

- Making use of the same window, tests were performed 

with impulses of various steepnesses and a large number of voltage 

applications, in an attempt to determine the standard deviation of 

the breakdown probability as a function of the time-to-crest with 

relatively narrow confidence limits. These tests enabled the depen

dence of the standard deviation on the front of the impulse to be 

detected. 

- Tests were carried out on phase-to-ground and phase-to

phase inSUlation of substation configurations with gap lengths to 

ground and between phases of up to 15 m and 16 m, respectively. During 

these tests the coordination of phase-to-ground and phase-to-phase gaps 

was studied. 

For rod-plane gaps of upto 20 m, the breakdown voltage was 

determined as a function of both the clearance and the time-to-crest 

of the impulse. 
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These tests made it possible to deduce the voltage-clear

ance characteristic for impulses of critical front. 

- Tests were performed also on line and substation insu

lating clearances for DC systems of nominal voltages upto + 1200 kV 

using composite voltages (DC+impulse) and taking account of the 

proximity of the second pole, en~rgized or not. 

- The co-ordination of terminal-to-ground with terminal

to-terminal insulation of a 735 ~ disconnecting switch was studied. 

The conclusions of this work are also applicable to higher-voltage 

disconnecting switches. 

ITALY 

The main research areas are herewith summarized: 

- switching impulse behaviour of air gaps. The research 

in progress follows two main objectives : to produce more accurate 

semiempirical methods for predetermination of the gap strength: and 

to check the phase-to-earth and phase-to-phase behaviour of air gaps 

typical of UHV substations and lines. 

- Behaviour of phase-to-earth and phase-to-phase surface 

insulation of UHV systems in polluted atmosphere. Tests are perfo+med 

at CESI HV Laboratory using artificial pollution and steam fog. 

They are mainly intended to investigate possible non linear phenomena 

connected with very long insulator arrangements. 

- Performance of SF 6 insulation. The objective of the 

research is to provide predetermination criteria for SF 6 insulation 

as a function of electrode geometry, pressure of the gas, rough

ness of the electrode surface, presence of insulating baffles and 

impurities in the gas. 

- Development of non conventional insulators (plastic insu
lators, semi-conducting glaze insulators). Because of their good 

performance in polluted atmosphere, these insulators are particularly 

suitable for lines with non-conventional supports. Research in this 

area is carried out by ENEL in collaboration with the manufacturers, 
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with the specific aim of obtaining insulation with satisfactory long 

term performance in service. 

JAPAN 

Extensive studies using impulse generators will be under

taken before long, especially in order to determine the phase-to

phase clearance of UHV transmission lines. Non conventional insu

lators, for example glass-fiber insulators, will not be introduced 

in the Japanese UHV transmission lines. 

Tests for determining the AC flashover characteristics 

of full-sized bushings and long insulator strings under contaminated 

conditions are being carried out. Details and results are given 

in References 5.3 and 5.4,respectively. 

UNITED STATES - AEP/ASEA 

UHV insulatiop testing has been performed at the Frank 

B. Black Laboratory of the Ohio Brass Co. and the high voltage test 

facilities of IREQ. Details and results are given in References 

5.3 and 5.4, respectively. 

UNITED STATES - BPA 

The objective of the study on switching and lightning 

impulse insulation is to obtain full-scale laboratory test data 

on the dielectric strength ot 1100 XV transmission lines. 

Laboratory tests on various air gap geometries with 

and without insulators have been performed and the influence of 

air gap length, insulator string lenqth, tower width and impulse 

wave shape studied. 

Some of the results obtained are: 

- switching impulse data agrees quite well with that of 

Paris and Cortina, which is the basis for clearances in National 

Electric Safety Code (ANSI, C2 - 1981); 

- negative polarity switching impulse CFO levels are 35 

to 50 percent higher than the positive polarity levels; 
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- addition of a second ground plane reduces the positive 

pola~ity CFO level by about 7 percent from the level with a single 

ground plane~ 

- tower air gaps flashover levels are only slightly 

affected by the conductor to ground clearance when this exceeds two 

times the tower a ir gap; 

- during dry conditions, the CFO level of a 29-unit insu

lator string (1750 kV) is within 3 percent of the level achievable 

without insulators present~ 

- durmg artificial rain tests the CFO level curve appears 

to saturate for strings longer than 25 units. During these tests 

the CFO level of a 29-unit string (1620 kV) is nearly 10 percent 

lower than the level without insulators present; 

- during the limited number of natural rain tests the 

CFO levels were closer to the dry test levels than to the arti

ficial rain test levels~ 

- as the tower width is decreased, the positive pola

rity critical flashover voltage increases while the negative pola

rity CFO decreases. Since positive impulses are controlling, this 

improves performance~ 

the number of anomalous flashovers increases as the 

ground plane width is reduced. 

Power frequency tests have been conducted in the Carey 

High Voltage Laboratory at voltages up to 1.1 MV line - to-ground 

and on the prototype 3-phase 1200 kV test line at Lyons. The Lyons 

test line has, from the beginning, had a combination of porcelain, 

glass, and non-ceramic insulators (NCI). Over the years,the test 

program for observing the 60 Hz performance of these insulators has 

included the use of nightviewing devices and high speed photography. 

In October of 1979 the ceramic insulators on one tower 

were contaminated in place by spraying them with a salt-clay-alcohol 

solution. A fuse wire was placed across the last unit near the 

grounded end of each string, as an indicator. One insulator flash-
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over was reported later that year. 

The following are some of the observations: 

- in general the performance of ceramic insulators has 

been as expected. 

- surface erosion has occurred of NCI's due to corona 

discharges and arcing in cases when the ends of the strings were 

not adequately shielded by corona grading rings. 

- an NCI string with poor shed design flashed over 

during a wet snow storm. Inspection revealed no damage to the 

insulators. 

- damage was done to one NCI by maintenance personnel 

during phase pull together work. The insulator remains operational. 

- dead end and center phase ceramic insulators were 

sprayed with light contamination. 

But were repeatedly washed by rain before any meaning

ful test could take place. A time exposure movie system that is 

capable of recording low amplitude corona and dry band arcing was 

successfully used for the first time during this test. 

UNITED STATES GE/EPRI: PROJECT UHV 

Extensive switching impulse tests on many different types 

of line and substation insulation and power frequency tests on conta

minated insulators were performed at UHV voltages, particularly for 

1200 kV AC systems during the period between 1968 and 1979. The 

results of these tests have been included in the second edition of 

the EPRI "Transmission Line Reference Book - 345 kV and Above". 

3.3 

CANADA-HYDRO QUEBEC 

As part of a study to evaluate 1200 kV AC as a possible 

option for transmission of power from James Bay project of Hydro

Quebec, IREQ has conducted studies on the corona performance of 

four conductor bundles, namely 8 x 41.4 mm, 6 x 46.53 rnm, 8 x 46.53 mm 



27 

and 6 x 50.75 mm, in the outdoor test cages. The parameters measured 

in this study L~cluded corona losses, radio interference and audible 

noise, mainly under conditions of heavy artificial rain. The 

6 x 46.53 mm conductor bundle has been selected on the basis of the 

cage tests for further studies on the outdoor test line of IREQ. 

In addition to the specific study on conductor bundles for 

12'00 kV transm iss ion as descr ibed above, a general study has also 

been carried out in the test cages of IREQ to evaluate the conductor 

bundles having from 1 to 16 conductors, with the conductor sizes 

varying from 23.5 mm to 77.2 mm. Analytical methods have been deve

loped on the basis of results of this study for the predetermination 

of the corona performance of practical transmission lines. 

As part of an extensive EPRI project, IREQ has also studied, 

over the past six years, the corona, electric field and ion current 

performance of DC transmission lines in the range of ± 600 kV to 

.:t 1200 kV. 

ITALY 

Continuous recording of corona losses, audible noise and 

radio interference is carried out at the 1 km experimental line of 

Suvereto. Three conductor bundles are tested one after the other 

with 24 hour intervals; each bundle is enerq ized at an "equ ivalent" 

voltage simulating the conductor surface gradient of a three-phase 

1050 kV line. The statistical distributions of the recordings, 

made in different meteorological conditions, are investigated together 

with the correlations with the meteorological parameters. 

Three types ot symmetrical conductor bundles have been 

fully tested so far, namely 6 x 31.5/450 mm, 8 x 31.5/450 mm and 

10 x 31.5/450 mm. In the near future, new conductor bundles will 

be installed and tested, in particular, and 8 x 31.5 mm asymmetrical 

bundle and a 10 x 26.9 symmetrical bundle. 

At the test cage of Suvereto,corona losses, audible noise 

and RI are measured under dry conditions, artificial rain and during 
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the drying transients, at different conductor gradients. In parti

cular, recordings on conductor bundles of the same type as those 

installed on the experimental line were made to check the validity 

of the cage tests. 

So far cage tests have been made on: 

- symmetrical bundles of upto 14 x 31.5 mm diameter 

subconductor; 

- asymmetrical bundles of 6 x 31.5 and 8 x 31.5 mm dia

meter subconductors, with different asymmetry degrees; 

- symmetrical 8 conductor bundles with conductor dia

meters 22.8, 26.9 and 31.5 mm; 

- tubular conductors with diameters 200, 400 and 600 mm. 

Other conductor types, including bundles with subconductor diameters 

of 42.2 and 56 rom, will be tested in the future. 

~esearch is in progress on the interference levels (radio 

and television interference and audible noise) produced by UHV 

insulators and fittings. RI recordings have been performed on 

various string configurations using ceramic and non-ceramic long rod 

insulators and cap-and-pin insulators. Studies are also made on 

shielding devices for the correct screening of insulator strings; 

in particular, suitable configurations of the conductor bundle at 

the point where it is connected to the insulator string.are investi

gated, in view of obtaining an adeauate shielding of the insulators 

by means of the bundle itself. 

JAPAN 

Basic data are being collected by using the' experimental 

full-size UHV transmission lines of both CRIEPI and the manufact

urers (see Table III). 

UNITED STATES - AE~/ASEA 

AEP started testing UHV conductor configurat~ons in 1977. 

To date, the following configurations have been subjected to long 
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term testing on the single phase UHV test line; an 18 conductor bundle 

of 3.05 ern diameter subconductors in a 1.2 m diameter bundle, a 9 con

ductor bundle using the same subconductors and bundle diameters, and 

a 10 conductor bundle of 4.57 cm diameter subconductors in a 1.2 m 

diameter bundle. 

Other non-conventional types of conductors are being investi

gated as alternatives for the regular ACSR bundles. 

Line fittings are designed to be essentially corona-free 

under dry conditions. They should not go into corona before the line 

conductors. Due to their relatively small size, corona losses on 

fittings and insulators are not economically important. 

UNITED STATES - BPA 

Research and studies of corona on conductors, insulators, 

and hardware are carried out both in the Carey Laboratory and on 

the Lyons 1200 kV test line. 

Long term monitoring is made of audible noise, radio noise, 

ozone generation, television interference, and corona losses. 

The data collected since initial energization of the Lyons 

1200 kV line have been used to develop prediction formulas. 

Some results of studies of corona on conductors are shown 

below; the corona effects are given for different line configurations 

at the Lyons test facilities and at an operating voltage of 1150 kV. 

In 1980, tests were performed to compare corona onset and 

visual corona on UHV suspension hardware assemblies inside the UHV 

laboratory with a similar arrangement as on two of the phases on a 

suspension tower at Lyons. Special corona rings were developed and 

60 Hz voltage tests were performed to correlate their performance in

side the UHV laboratory, in the outdoor test tower, and on the test 

line at Lyons. The tests inside the UHV laboratory provided an indi

cation of the influence of humidity, dust and the laboratory floor, 

walls, and test transformer on corona performance. 

The highlights of these tests on the suspension hardware were: 
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Line Configuration 0) 
I II III IV V 

Electrical Effec~ 

AN - A-wt.L
50

level during 
rain (dBA), 
15 m from outside phase 53 47 50.5 56.5 61. 0 

R1-QPL 0 level 
(dB,~V1m), 15 m from 
outside phase 

a) I MHz,ANSI,Fair/Rain 42/61 50/71 

b) 0.5 MHz,CISPR,Fair/Rain 43/62 46/.64 54/73 
46/65 47/68 50/68 58/77 54/75 

TV1-75 MHz, QPL50 
during rain (dB,~V/m), 
40 m from outside phase 13 12 13 12 9 

Ozone - (ppb) None None None None 

Corona Lo s s- L50 level, 
kW/km, during ra1n,2 or 3 
phases 22 24 43 45 

0) Line Midspan Interphase 
configura- Bundle Type of energization Clearance Clearance 
tion (m) (m) 

I 8x4lmm all 3 phases energized 24.4 22 

II 7x4lmm 2 phases energized 22.9 22 
one phase grounded 

III 7x41mm 2 phases energized 19.8 22 
one phase grounded 

IV 7x4lmm all 3 phases energized 16.8 22 

V 7x41mm all 3 phases energized 16.2 12.9 
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- tests performed to determine influence of ground plane 

width showed the difference in corona onset voltage between a 0.1 m 

ground plane and a 1.8 m ground plane was less than 2 percent~ 

- raising the humidity can lower the corona onset voltage 

even though visible moisture was not present on the rings; 

- conductor height does not significantly influence the 

corona onset voltage if the conductor height above ground is at least 

2.5 times the conductor-steel air gap clearance; 

- observations at Lyons showed that the rings performed 

essentially the same as in the outdoor test tower; 

- except for the effects of the test transformers, proxi

mity effects in the indoor laboratory led to conservative results 

relative to the performance at Lyons; 

- a dry test for visual corona on UHV suspension hardware, 

which correlates with performance at Lyons, has been developed for 

laboratory use. Similar techniqUes are being developed for dead-end 

hardware. Corona activity observed at Lyons on dead-end insulator 

hardware has not correlated well with laboratory results. Preliminary 

investigations indicate that these differences are related to three

phase operation versus single-phase testing; 

- inboard mounting of non ceramic insulators to avoid the 

need for corona shield rings has thus for proven to be successful in 

that the conductors do grade the insulators. 

UNITED STATES - GE/EPRI - PROJECT UHV 

Eleven different UHV line and conductor configurations 

were tested, using a 3-phase line, from January 175 to December 179. 

Conductor diameters varied from 3.3 to 5.6 em, number of 

subconductors in a bundle varied from 6 to 16, nominal line-to-line 

voltage varied from 950 kV to 1450 kV. 

Horizontal and triangular line configurations were tested. 

Radio noise, audible noise, corona loss, electric field 

at ground, ozone, television interference were measured in different 
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weather conditions. The results were used to develop comprehensive 

design rules, included in the second edition of EPRI1s IITransmission 

Line Reference Book - 345 kV and Above II. 

CANADA - IREO 

The following mechanical engineering projects were conducted 

in relation to UHV transmission: 

1) Wind tunnel measurements of aerodynamic forces (drag, 

lif·t and derivatd.ves) on 4-, 6- and 8- conductor bundles. The data 

obtained are crucial for calculating the aeroelastic stability of 

conductor bundles. This project was carried out in collaboration 

with the National Research Council. 

2) Preliminary study of the dynamic performance of a 6-con

ductor bundle exposed to the wind. This work was performed on the 

Magdalen Islands test line. 

3) Study of the aeroelastic performance of a 12-conductor 

bundle equipped with different spacers. This study, also carried 

out on the Magdalen Islands test lines, was undertaken for the 

American Electric Power Corporation. 

ITALY 

The research in progress in this area concerns : 

- vibratory behaviour of conductors: wind tunnel tests are 

performed on conductor bundle models to define the energy introduced 

by the wind into a vibrating system. 

Comparisons are made between analytical models and experi

mental results obtained at Suvereto, Prada rena , Brugherio (see para
graph 3.7) and at sections of operating lines; 

vibration dampers and spacers: tests are carried out in 

the laboratory and at the experimental lines of Suvereto and 
Pradarena; 
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- tubular and quasi-tubular conductors, suspension fittings 

and joints: tests will be performed on prototypes and an experimental 

span will be set up to study the relevant mechanical problems; 

- effects of the wind on phase-to-phase clearances: measure-' 

ments will be taken of the diplacement of line conductors and compar i

sons made with analytical models; 

- static and dynamic behaviour of non conventional lines 

(circus, V-circus and cluster towers); research is conducted on 

reduced scale models and analytical models, tests are carried out 

on prototypes of non conventional towers, construction and assembly 

methods for non conventional supports are developed and analized; 

- foundations (mainly guy-foundations) for non-conventional 

towers: theoretical and experimental research will be carried out 

to calculate and check the foundations and to define the equipment 

for construction and proof testing; 

- integration of UBV lines in the environment: procedures 

are developed for choosing the routes and for optimizing the tower 

distribution, with special reference to non conventional lines. 

JAPAN 

Basic data are being collected by using the experimental 

full-size UHV transmission lines of CRIEPI and the manufacturers 

(s ee Ta bl e I I I) . 

Since double-circuit lines are under consideration in 

Japan, the mechanical strength of towers, the construction and 

maintenance techniques as well as the environmental problems are 

particularly important items to be investigated. 

UNITED STATES - AEP/ASEA 

The original 18 ~onductor bundle installed at the UHV test 

station exhibited substantial subconductor oscillation and created 

some concern about the practical design of future lines. To this 

end, AEP contracted with IREQ to utilize their Magdalen Island Test 

Facility for tests on 12 conductor bundles using various spacer 
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designs and arrangements. From the four different types of spacers 

tested during the winter of 1978-79, the spring friction type proved 

to be quite acceptable and was stable for wind speeds of up to 11 m/ 

sec (40 km/h). This work is described in Reference (5.23). 

In general, it is felt that bundle conductor designs should 

avoid rigid connections, and the spacer and support systems should 

provide flexibility and energy absorption patterns to minimize osci

llations. 

In the matter of liledesign, work is underway on the develop

ment of chainette or circus. support type tower systems and trial 

installation is going forward at 800 kV. This experience will be of 

value to AEP-ASEA UHV program. 

UNITED STATES/BPA 

The mechanical and structural test program entails studies 

of line loadings (wind and ice load), conductor motion (aeolian 

vibration, subconductor oscillation, galloping), construction and 

maintenance techniques, and comparison of all-aluminium to ACSR 

conductor performance. 

The two major goals in this program are: 

1) To gain knowledge about the structural/mechanical aspects 

of overhead 1100 kV transmission design so that futUre con@ercial 

lines can be optimized and troublefree; 

2) To advance the general state-of-the-art of transmission 

design at all voltage levels. 

Mechanical and structural tests are performed in the Mangan 

mechanical-electrical laboratory and at the Moro mechanical test line. 

Ice conditions' at the Moro mechanical test site have enabled 
studies of shapes of ice on conductors and effects of conductor and 

tower geometries. Up to 115 rom of radial ice on the conductors has 

been monitored. Measures to control aeolian vibration and sub

conductor oscillations have been employed successfully. 
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Activities related to transmission line maintenance for 1100 

kV lines were concentrated on the need for hot line maintenance, 

switching impulse and 60 Hz performance of hot sticks, clearance 

requirements, maintenance techniques, and cost of hot line maintenance. 

3.5 EnvVr.onme.nta.1. -impac.t on Une.-6 and -6ub-6to..:UOM (aud-ib.te. no-t-6e. and 
e..te.c.~-ic. n-ie..td, phY-6-io.tog-ic.a..t e.nne.c.t, V-t-6ua..t -impa.c.t, e.tc..J 

ITALY 

As regards the problem of the biological effect of electric 

fields, research is conducted both in the laboratory and in natural 

conditions at the experimental station in Suvereto. Laboratory experi

ments have been performed on small animals (mice, rats, rabbits and 

dogs) using uniform fields created by two 1.5 x 2 m steel plates. 

The animals were exposed to various field intensities by varying the 

applied voltage and the distance between the plates. Exposures 

lasting a few minutes to 8 hours per day with 50 Hz electric fields 

of upto 100 kV/m, were carried out over periods of upto 2 months. 

Basic cardiovescular variables (i.e., blood pressure, electrocardio

gram, heart rate, and cardiac output), blood morphology and chemistry, 

growth and fertility, teratology, and changes in resistance to induced 

infections were investigated. 

The analysis of the results indicated no effects after 

exposure to fields below 10 kV/m. Above this value some. slight blood 

changes were found in dogs and rats chronically exposed (8 hours a 

day) to 25 kV/m and 100 MV/m, respectively. Above 25 kV/m, the slope 
I 

of the growth curve of the rats appears to slightly decrease in respect 

of that of the control group. Fertility and resistance to experimental 

infections in rats and mice were not influenced by -Cwo month I s exposure 

to 100 and 25 kV/m, respectively. No teratogenic effects were found 

in rats exposed to 100 kV/m for upto 48 days. 

As regards investigations in a natural environment, experi

ments are in progress under the test line of Suvereto in order to 

study the following items: 
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- analysis of the behaviour of dogs (to be followed by 

other animals); 

- evaluation of hematochemical and hematological variables 

of the dog; 

- investigation on the productivity, fertility and develop

ment of chickens. 

As regards the physiological effect of the corona noise, 

an extensive research in the anechoic chamber has been conducted to 

assess the physiological response to this noise. Corrections 

factors to the usual weighting scales (in particular the dBA scale) 

have been proposed. 

A general research which considers the environmental inter

ferences as factors in the overall optimization of transmission 

lines has been undertaken; 

JAPAN 

UHV transmission lines and substations will be strategically 

located and constructed in order to minimize their impact on the 

environment. Except in special areas, UHV transmission lines will 

be designed as double circuit lines minimizing the width of trans

mission corridors. For the best environmental harmony, UHV SF
6 

GIS 

will be applied to UHV substations. 

UNITED STATES AEP/ASEA 

Present general criteria are that the environmental impacts 

of future UHV lines should be approximately the same as those associa

ted with the existing 765 kV system. AEP 765 kV lines have 

maximum ground level field strengths of 12 kV/m and 10 kV/m in ina

ccessible areas and farming areas, respectively. 

Edge of right-of-way field strengths are approximately 

4 kV/m. Mean foul weather AN levels are 55 dBA at the edge of the 

right-of-way. These levels have been generally acceptable bus addi

tional research is underway to provide further verification. 
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Psychoacoustic effects of transmission line audible noise 

are being investigated in cooperation with the University of ~estern 

Ontario, Canada.Growth and yield of field crops in the proximity 

of the UHV test line and the effects of electromagnetic fields on 

f;3.rm animals near 765 kV 1 ines have been studied through independent 

contracts with professors from Purdue University, West Lafayette, 

Indiana. It was determined that animals and crop growth were not 

affected by the fields associated with these facilities. 

Another investigation, a two-year study of some biological 

life by the Univers ity of Notre Dame, concluded that "There is no 

demonstrated effect from the UHV line on any of the systems tested". 

The "systems" selected for study were cell division in onion roots, 

germination of corn seeds, the dry weight of wheat plants, and the 

amount of chlorophyl in rye, soybeans and clover. 

UNITED STATES - BPA 

The objective of the 1200 kV biological study is to deter

mine if the prototype line has any measurable effects on crops, 

natural vegetation, honeybees, wildlife and cattle. 

Of primary interest are possible effects on plant growth 

and animal behaviour. No major impact on crop growth has been 

observed in electric fields of upto 12 kV/m. Results of germination 

tests on barley seed from plants grown in electric fields upto 12 kV/ 

showed no effect. Some adverse effects on honeybees in the form of 

reduced colony weight and higher mortality have been noticed in 

electric fields of around 8 kV/m and above. Effects appear to be 

shock related. 

Continued observations of Lyons indicate that the 1200 kV 

line has had no noticeable effect on bird abundance or species 

diversity. 

Cattle showed no reluctance to graze and drink in fields 

upto 12 kV/m. Corona damage has been found on some fir trees that 

were intentionally left close to the line. 
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USA - GE/EPRI PROJECT UHV 

The following studies related to electric field effects of 

UHV transmission lines were made: statistical measurements of voltage 

and currents induced in vehicles under UHV lines; nature, frequency 

of occurrence, and effects of spark discharges; possibility of 

fuel ignition; burning of wood poles or dead trees; corona from 

grounded objects; methods of shielding parts of the right-of-way 

or the areas outside the right-of-way. 

Human response to audible noise, and to different types of 

television interference was also studied. 

The results have been included in the second edition of 

EPRI IS "Transmiss ion Line Reference Book - 345 kV and Above ". 

3.6 Elee~~e equ~pment 

ITALY 

The research and development activities in the area of 

UHV electric equipment are mainly carried out at the experimental 

testing station of Suvereto, in the framework of the international 

1000 kV Project. Tests and basic research are also carried out at 

the CESI laborator les. 

After having solved the basic problems connected with the 

design and construction of prototypes, the following equipment was 

installed at Suvereto for carrying out simulated operation tests, 

which should last until the end of 1983. 

1) A single-phase autotransformer rated 200/200/50 MVA, 

1000 400 
\_ \ 24 kV. 

13 Y3 
The autotransformer operates alternatively in short circuit 

conditions (current upto 1.1 times the rated value) and in no-load 

conditions (voltage upto 1.05 times the rated value). Periodically, 

the unit is also submitted to lightning impulse withstand tests at 

80 percent of its rated insulation level. 
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The layout of the autotransformer test circuit is given in 

Figure 4. 

2) A 200 m section of oil-filled high-pressure cable for 

highest system voltages upto 1100 kV. The cable, arranged in a 

loop system, is completed with sealing ends and straight joints. 

External water cooling and internal forced oil cooling 

systems are provided to permit the three-phase transmission of at 

least 3 GVA and 8 GVA, respectively. 

Voltage tests and thermal test cycles are in progress on 

the loop. The aim of these tests is to check the long-term perfor

mance of the cable and its accessories by monitoring a certain 

number of peaningful quantities. 

The layout of the test area is drawn in Figure 5. 

In addition, electric equipment components for an SF 6 metal

clad substation are either under construction at the manufacturer's 

or under test at CESI laboratory. These components include: circuit 

breaker, earthing switch, disconnector, earthing disconnector, straight 

section and crossover connectors, flexible joint, current transformer, 

voltage transformer. Some components will be installed at suvereto 

for accelerated life tests on the insulating structures. 

As regards UHV zinc oxide-surge arresters, a few EHV units 

are being installed and checked in service on the 420-kV network 

before starting tests on UHV units. 

In December 1980, during the tests carried out at the experi-' 

mental testing station of suvereto, a failure occurred on the 200 

MVA auto-transformer unit when operating at rated voltage. The cause . 

of the failure W~L of dielectric nature and involved the insulation 

between a tank wall and the first pressed board barrier. The machine 

was untan}ed and repaired on site and reenergized after three months. 

As far as the 1100 kV cable is concerned, the experience so 

far gained is limited but satisfactory. 

starting from 1985, a pilot plant will be constructed consist

ing of an SF 6 metal-clad substation bay, with the bus-bar system 



41 

' . .. ~: .... 
. . 

LEGEND 

= Normal Power Flow 

o Net Area Load 

fZl Net A.rea Hydro Genttation 

1m..... Large Thermal Plants 
~ ACluel Generation 
(XXX) Nameplate Rating 

POWER FLOW IN MEGAWATTS 

-'I, 
I ~ ''''' • 
•••••••• ,. II- : 

· · · · · · · · · · · · · · : · · · · · 
............ Oregon Id " (15001 : 

..................................................... , ••••••••••••••••••••••• ,a •• ~ •• ........................... .1. 

VT 

FIGURE 3 

:'-'-'-'-', 
\ CT i 

,. __ ' __ L ----------------~~ i 
52l . . 

VT 

I 
I 
I 
I 

--------------f----J 53 51 

\ 

I 
I 
I 
I 

"----+--, -=..-, ::':::. _. - . _,J 

fIGURE 4 



Secl A-A 

2 

ba 
Sect. B-B 

42 

FIGURE S 



43 

included, and of a bank of three singlephase 400 MVA autotransformers 

connecting the UHV bay with the 420 kV busbar system of Suvereto. 

The substation bay will be connected to a 20 krn line, which will be 

energized at 1050 kV ph. to ph. under no load conditions for about 

two years. At the end of this period, a second substation bay should 

be put into operation at the far end of the 1050 kV line section, 

connecting this section with the 420 kV system through autotrans

formers, so that the pilot plant will operate between two nodes of 

the existing 420 kV network. 

JAPAN 

The basic specifications for UhV equipment are not yet deci

ded,. but Japanese major manufacturers are involved in the develop

ment of this equipment and are reaching the end of the preliminary 

stage. 

UNITED STATES - AEP/ASEA 

It is planned to install a single-phase 100 MVA shunt reactor 

and GIS equIpment at the UHV test station. The equipment will be 

designed for a 1600 kV system but be capable of withstanding a steady 

state 60-Hz voltage of 1800 kV. 

ASEA is performing developmental testing to determine and 

varify insulation design, and the installation at the test station 

will check long-term service performance at rated voltage and above. 

For the GIS equipment, design emph.sis is on internal support insu

lators, entrance bushings and the effects of varying gas quality 

and pressure. Load current will be simulated at the test station and 

temperature rises determined for a range of solar radiation and other 

ambient conditions. 

The performance of the Ohio Brass Hi-lite insulators used 

on the test line has been satisfactory to date. Conical shaped 

solid insulators made of epoxy resins have been designed for the 

GIS equipment. 
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UNITED STATES - BPA 

The research and tests on substation equipment are mainly 

performed at the Lyons 1200 kV test facilities and include evaluation 

of substation noise and electric fields, evaluation of the performance 

of transformers and arresters, and installation and evaluation of 

1200 kV prototype equ ipment as it becomes available from DOE and 

EPRI R&D programs. 

One of the 50 MVA, 230/1200 kV transformers at Lyons failed 

in 1978 but was-repaired at the factory and successfully reinstalled 

and energized at the test site. 

The cause of the failure was attributed to dielectric 

breakdown of the winding insulation due to partial discharges,which 

in turn were caused by poor workmanship. 

A number of flashovers has been experienced of conventional 

1200 kV surge arresters, caused by inadequate shielding and voltage 

distribution. These arresters have now been replaced with ZnO surge 

arresters. Experience with these is satisfactory, so far. 

With reference to 1100 kV prototype equipment, the u.S. 

Department of Energy is funding several projects which will lead 

to prototype SF 6 equipment. Most of the apparatus will be installed 

at the Lyons test facilities as it becomes available. The apparatus 

to be installed include 1200 kV air-to-gas bushing, SF 6 surge arrester, 

semiflexible and rigid SF
6 

cables and SF 6 instrument transformers. 

4. DESCRIPTION OF THE TESTING FACILITIES AVAILABLE IN 
VARIOUS COUNTRIES FOR RESEARCH IN THE AREA OF AC 
AND DC TRANSMISSION ABOVE 1000 kV 

BRAZIL 

The electrical equipment laboratory of CEPEL, at Adriano

polis, is equipped with an outdoor area for dielectric tests for 

UHV research. In this area it is possible to carry out dielectric 

tests at full scale on line and substation components for system 

voltages upto 1500 kV AC. 
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The main facilities available in the testing area are: 

- an impulse generator of 6.4 MV, with relevant voltage 

divider and load capacity. When necessary, a second impulse generator 

can also be installed, as well as a cascade of transformers; 

- a movable artificial rain device; 

- a platform in the middle of the testing area where differ

ent full scale or mock-ups of transmission line towers, equipment 

under test or needed for the tests, can be fixed. 

In the near future (next two years) an experimental lIDe 

and cage will be available. 

The experimental line and cage are foreseen to be used upto 

1500 kV AC and ~ 1000 kV DC. 

The experimental line will have a 360 m length span. The 

dead-end structures will be able to support two bundle conductors with 

42 tons of maximum strength each. The bundle condu~tors separation 

will cover the range between 8 to 24 m,- while the height of the dead

end towers will range from 18 to 38 m; the former at intervals of 1 

metre and the latter at 2 metre intervals. A completely automatic 

system will be provided to set the conductors at proper positions. 

The cage will have 60 meters of effective length plus 5 

meters at each end, with 7.5 x 7.5 m of cross-section area. The end 

parts will be insulated from the central part and grounded. The maxi

mum mechanical strength of the bundle conductors will be 20 tons. 

The shielding for line, cage, source and measuring equipment 

is designed to operate satisfactorily at the maximum voltage level of 

the facilities during heavy-rain conditions. The facilit~s are 

designed to test bundles of upto 16 subconductors. 

The lines will be energized through a maximum of 2 x 1.2 MVA, 

600 kV cascade transformers, with a voltage regulator at the low-vol

tage side. A corona free coupling capacitor, a standard capacitor and 

optical fiber and telemetering system together with suitable meters 
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will monitor the conducted radio noise and corona loss. The DC 

tests will be performed using a cascade rectifier (± 1000 kV maxi

mum voltage output), with additional coupling capacitors and optical 

plus telemetering systems to monitor conducted radio noise and 

corona loss. 

Audible noise, radio noise, electric field, ion currents, 

ozone and meteorological conditions will be monitored directly 

under the central part of the line by a set of suitable meters. All 

the measuring system will be linked to an automatic data acquisition 

system that will adequately collect, analyze, select and gather 

the data for later analysis. 

The cage is designed to operate at voltages of upto 600 kV, 

enough to cover the range of transmission voltage levels upto 1500 

kV phase-to-phase. Similarly to the experimental line it will be 

provided with an automatic measuring system to collect data during 

artificial rain conditions. For the automatic data acquisition 

system of the line and cage, a total of 130 channels are provided, 

not to be operated simultaneously. 

CANADA - IREQ 

The main test hall of the HV laboratory, where most of 

the extra-high-voltage testing is performed, is 82 m long, 67 m 

wide and 50 m high. Electrically shielded to act as a Faraday 

cage, it is designed for research and tests on transmission system 

equipment operating at rated voltages of upto 1500 kV r.m.s. 

The hall is divided into three separate test areas, each 

with its own control room, but it lends itself to different arrange-

ments and can be used as a single test area when the dimensions 

or voltage level of a test object require it. 

The major test equipment comprises: 

- one 6.4-MV, 400 kJ impulse generator; 

- one 3.2-MV, 200 kJ impulse generator; 

- one 2-MV, 80 kJ impulse generator; 
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- two 1.2-MV, 125-mA cascade rectifiers; 

- six 550-kV, 1.25-A high-voltage cascade transformers 

which can be connected in various arrangements so as 

to obtain voltages of upto 2.1 MV r.m.s., 60 Hz. 

- an 800-kV SF 6 test cell; 

- two test tanb" one rated 500 kV, the other 1500 kV; 

- artificial-rain apparatus with adjustable flow rates 

of 1.5, 3 and 5 mm/min for testing equipment rated 

upto 7"65 kV. 

The rain produced is a mixture of demineralized water (from 

two 27 m3tanks) and tap water; its resistivity can be adjusted in 

order to comply with different applicable test standards; 

ITALY 

- various spark gaps for producing chopped impulse voltages; 

- other equipment required for the multitude of tests IHEQ 

conducts for its clients. 

Numerous testing facilities for UHV research and develop

ment are available in various experimental stations and laboratories 

as follows: 

1) The testing area at Suvereto includes the main testing 

facilities of the 1000 kV Project. 

These are: 

- Two 800-kV, 20 MVA, test transformers, that can operate 

both in cascade or independently. They are used for power frequency 

voltage tests (upto 1600 kV r.m.s., 50 Hz) or as long wave impulse 

generators (by discharging capacitor banks in the two primary wind

ings) for switching impulse tests on the 1 km test line. 

- A 30 stage lightning and switching impulse generator, 

rated 6-MV, 500-KJ. 
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- Two 350-kV, 500 kVA test transformers, connected in cas

cade, for power frequency tests on the cage. 

- A 1 krn long test line, with a 500 m central span and two 

250 m semi-spans. The structures of the test line were designed to 

support upto three bundles with 12 ACSR 31.5 mm subconductors. The 

central bundle can automatically be moved horizontally along the 

beams of the supporting structures, while all the three bundles 

can automatically be moved vertically in respect of ground. On 

this line, phase-to-phase and phase-to-earth switching impulse tests 

are performed. Single-phase 50-Hz tests (long term recording and 

instantaneous measurements) are also carried out to investigate 

corona losses, audible noise, radio and television interference. 

- A UHV line model (cage) for corona tests. 
The total length of too cage is 40 m, rut tre active part is only 30-ID 

long. Too shape is cyl mdr ical with a diarreter of 7 m. B.lndle corrluctors hav mg 

upto 18 sul:conductors, evenly or unevenly spaced, can te tested. 

1) The cage is supplied through too t\\O 350 WA transforners in cascade. 

2) The testing facilities at Pradarena pass are specially 

devoted to mechanical tests. They include a 525-m long span which 

is equipped with a single conductor for ice and wind loadings during 

the winter and with conductor bundles for studies on vibration, sub~ 

span galloping and spacer performance during the summer. Bundles 

with upto eight 31.5 mm subconductors can be tested. 

3) At the mechanical laboratory of Brugherio (Milan), a 

vibration exciter of the electrodynamic type, with a frequency range 

of 5 to 300 Hz, can be applied to line elements and single or bundle 

conductors over a span of upto 300 m in length. A chamber is also 

available for thermo-mechanical tests on insulator strings, during 

which the load can be varied from 0 to 30 t and the temperature 

from - 35 to + 120oC. 

4) Four natural pollution testing stations are in operation 

in different regions of Italy to investigate different types of 

contamination (marine, industrial and mixed contamination). 
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5) Two experimental stations for investigation on lightn

ing are in operation in two areas of high keraunic level. 

6) Tests in the UHV field are also performed at CESI 

laboratories in Milan, where the following main facilities are avail

able: 

JAPAN 

- High power laboratory, for electrodynamic tests on 

line and substation components (currents of upto 

70 kA r.m.s. and durations of upto 1 sec.). 

- High power synthetic ·test laboratory, to test breaking 

units or fractions of UHV circuit-breaker poles (maximum 

equivalent short-circuit power:30,000 MVA single-phase, 

with maximum available current of 150 kA). 

- For room for artificial pollution tests on external 

insulation, with maximum testing Voltage of 900 kV to 

earth. 

The main UHV testing fac il ities in Japan are summarized 

hereafter. 

a) Testing facilities of CRIEPI 

- UHV fog room for testing of polluted insulators. The main 

characteristics of the fog room are the following:Floor space:35 m 

x 26 m. Ceiling height: 35 m. Testing transformer: primary voltage 

to ground 66 kV; secondary voltage to ground 900 kV~ short-circuit 
• current 50 A; voltage drop of the total system less than 3 percent 

at a leakage current of 3A. 

Steam fog generated from 200 nozzles and steam boiler of 

4,800 kg/hour. 

- Long term insulator exposure UHV testing facility. 

A new testing facility for AC-UHV and DC-SOO kV insulator 

test ing under cont inuous energ izat ion in natural cond itions will be 

constructed at the sea coast. 
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- UHV AC full scale test line. A double circuit full scale 

tedt line has been constructed. Its scheme is outlined in Figure 6. 

Major design criteria for this test line are: design voltage 1000 kV 

AC (converible to ± 500 + 650 kV DC)7 total length 600 m; 2 spans; 

3 towers; suspension insulators with mechanical and electrical stren

gths of 42 tons and 54 tons, 38 and 32 units in one string, respectivel~. 

Conductors; ACSR 810 mm2 (38.5 mm in diameter), 10 conductor 

bundles, convertible to 8 and 12 conductor bundles. 

Ground wires: two ACSR 810 mm2 conductors. The static induc-

tion shielding wire is a steel stranded wire with aluminium coating 

(cross-section 100 mm 2 ). The rnaxi~um electric field strength at ground 

is 4.5 kV 1m when 6 sh ie ld ing wire s are adopted, and 3 kV 1m in the case 

of 10 sh ield ing wires. 

On the UHV test line, the behaviour of conductors and towers 

is measured under strong wind, earthquake and artificial shaking tests. 

Also, audible noise caused by strong wind, and lightning performance 

will be invest igated. 

Construction and maintenance techniques and environmental 

problems will also be studied using this line. 

In the future, test ing transformers for three-phase energizations and 

electrical measurement instruments will be installed, and corona audible 

noise, radio interference, television interference and electric field 

strength will be investigated. The effect of electric field on vege

tation and cattle will also be investigated. 

- Corona cage 

The corona cage at CRIEPI, mainly used for A.N. tests, has a 

cross-section of 8 m by 8 m and a length of 25 m. 

b) Takaishiyama test 1 ine of Tepco 

This test line has been designed for ice and wind tests. Two 

spans with ten ACSR conductor bundles (810 mm2 , 40 cm subspacing) and 

and ground wire of the same conductor type are strung approximately 

erpendicular to the winter wind having the prevailing direction of NNW. 
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One of the two spans is equipped with a galloping control 

device while the other has no control system; they are separated 

by an independent tower to eliminate the disturbance introduced by 

the other span. 

Recording of dynamic phenomena, such as tension and dis

placement amplitudes of conductors and insulator assemblies, is 

performed automatically on the test line. 

c} UHV testing equipment of NGK 

Corona testing equipment 

Corona tests (visual corona, interference measurements) are 

performed in a 40 m x 40 m x 30 m high room, electrostatically shielded 

(75 dB attenuation at 1 MHz). The room is equipped with testing 

transformers in cascade connection, rated at 1650 kV and free from 

corona upto 1000 kV. 

Pollution testing equipment 

The 1000 kV pollution testing equipment has been constructed 

at NGK High Voltage Laboratory, and its operation was started in 

January, 1979. 

The main characteristics are as follows: 

- Dimensions of the fog room: 25 m x 30 m x 30 m (height) 

- Generator rating: 30 MVA. 

- Transformer rating: 1000 Ml to ground, 5000 kVA. 

- Voltage drop of total system: less than 5 percent at 

3A for 600-1000 kV. 

- Short-circuit current: 40 A r.m.s. at 1000 xv. 

- Artificial fog generated from 150 nozzles and a steam 

boiler of 3600 kg/hour. 

The fog room is electrostatically shielded, which results in 

05 dB attenuation at 1 MHz, so that RIV and AN tests on insulator 

as~emblies under polluted conditions can be made. 
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UNITED STATES - AEP/ASEA 

The UHV test station is located near South Bend, Indiana, 

adjacent to a 765 kV substation of the AEP network. Basically this 

station has the capability of testing single phase conductor bundles 

upto a test voltage of 2255 13 kV. It includes a test line (consist

ing of 3 spans each 305 m long) and a transformer (manufactured by 

ASEA and rated at 420/835/1785 kV, three-phase equivalents, and 

333 MVA). The transformer is designed with one wound limb and 

constitutes a prototype for a thre~-limbed 1000 MVA power transformer. 

A low-range connection provides 1110 to 1817 kV and a high-range 

connection provides 1619 to 2255 kV (three-phase equivalents).The 

lower range is designed for corona performance tests to be compared 

with other UHV project data, while the higher range is provided to 

explore the 1500-1600 kV voltage levels for AEP future lines. Reference 

(5.10) incluaes a detailed description. 

In addition, two cages are operated for simultaneous, yet 

independent, testing and comparison of two different conductor 

configurations or of two samples of the same configuration. 

They are electrically independent of the test line. The 

test cages will be used to compare the performance of one conductor 

with another in a shorter time. Each cage is 30.5 m long. The 

cages have a square section and their dimensions can vary between 

6.1 x 6.1 m and 9.1 x 9.1 m. The maximum test voltage is 900 kV. 

Test station instrumentation is described in Reference 

(5.9) . 

UNITED STATES - EPA 

The full-scale, three-phase, 1200 kV prototype line near 

Lyons, Oregon is 2 Km long over 7 spans. It is energized from a 

230/1200 kV auto transformer cons ist ing of t.hree single-phase units, 

each rated 50 MVA. Special surge arresters rated 768 XV of the 

current limiting design were used initially. They were later re

placed by ZnO surge arresters. The SIL and BIL of the 1200 kV trans

f6rmer windings are 1800 and 2050 kV, respectively. 
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The transformer is equipped with no-load taps for a voltage 

range from 1100 kV to 1250 kV on the high side and down to 236 kV 

on the low voltage side. 

Audible noise, radio and television interference, ozone, 

and corona loss levels are monitored continuously at the test site 

together with weather and atmospheric data. A 256 channel data 

acquisition system is used to gather the data which are transmitted 

via microwave communications lines to a CDC 6500 computer in Portland. 

The test facilities at the Carey high voltage laboratory 

include a low frequency 1.1 MV single phase power supply. Tests 

are conducted on air gaps, insulators and hardware. In addition an 

indoor 1.8 MV, 43 kJ impulse generator with 12 stages, an outdoor 

5.6 MV, 448 kJ impulse generator with 28 stages, and a portal test 

tower measuring 36 m x 36 m and equipped with water spray racks and 

adjustable ground plane panels to simulate tower windows are available. 

The Mora mechanical test line, especially designed to allow 

simultaneous testing of two bundles configurations with upto eight 

46.1 mm conductors per phase, is 1.8 km long and consists of two 

dead-ends and four suspension lattice steel structures. The test 

line was initially strung with 40.7 mm ACSR Chukar conductors in 

single, twin and 8 bundle configurations. 

In 1979, the twin Chukar bundle was replaced with an 8 Cow

slip all-aluminium conductor bundle which has a diameter of 760 mm. 

Both conductor bundles are capable of being remotely rotated + 170 

from their normal symmetrical position in order to evaluate the effects 

of bundle orientation on wind induced conductor motion. Both spacer

dampers and rigid spacers have been used on the bundles at staggered 

and equal spacings. The data collected on the line are transmitted 

to a CDC 6500 computer in Portland. 

Mechanical and structural studies are also performed at the 

Mangan Laboratory where the following facilities are available: 

- A 2.2. MN horizontal test machine capable of testing speci

mens up to 38 m in length. For cyclic testing, frequencies range from 
0.002 to 100 cycles per minute. 
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- An environmental test chamber is available for tests 

at ambient temperatures from - 45 0 C to + 9SoC at various relative 

-humidities. One of the main features of this 'fac i1 ity is its 

modular construction. 

A 50 m long conductor study and fatigue span capable of 

stressing conductors upto a horizontal load to 450 kN. A fatigue 
test machine is available for tests on hardware in compression 

or tension with full range of 535 kN . . 
UNITED STATES - GE/EPRI PROJECT UHV 

Existing facilities at Project UHV in Lenox, Mass., which 

can be used for 3-phase AC overhead transmission research, can now 

be used also for HVDC research. New equipment has been insta'lled 

as part of th:isProject to make possible a comprehensive research 

program with test voltages upto + 1500 kV. The HVDC facilities in 

place at Project UIN include: 

- A bipolar test line 520 m long, with the capability of 

varying pole spacing and height above ground. 

- Equipment to energize the test line witJ"l bjpo1ar vol

tages upto ± 1500 kV. Two 1500 XV high voltage sets are available, 

one being a voltage doubler installed in 1978 for the Department 

of Energy and the other being a symmetrical cascade rectifier set, 

installed in 1979 for this Project. 

Instrumentation to measure radio nOif?e, audible noise, 

television interference, ozone, corona loss, electric field, ion 

currents and meteorological variables. 
I 

A bipolar short test line, 160 m long, for research on 

corona, field, and ion effects of HYDC transmission lines upto 

+ 600 kV. 

- A bipolar conductor test bay, 60 m long, and a monopolar 

cage, 13.7 m long, for basic electrical research on HVDC conductors. 
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- A UHV test chamber, 24.5 m high, and 24.5 m in diameter 

for flashover tests on insulators. The voltage capability of the 

test chamber is ~ 1100 kV. 

- An auxiliary ~ 375 kV test set for dielectric tests on 

insulators and for research on field ,and ion effects using the 

short test line, the bipolar conductor test bay and, the monopolar 

cage. 

The facilities for HVDe research available at Project UHV 

are shown in the plan of Figure 7. 

The new HVDC facilities extend the UHV AC capabilities, 

which include: 

- three-phase test equipment for line tests with AC voltages 

upto 1500 kV (r.m.s., line-to-line); 

- conductor cages for simultaneous corona tests of upto five 

bundles in natural weather conditions; 

- equipment for tests on contaminated insulators upto 

850 kV (r.m.s., line-to-ground); 

- switching surge equipment for voltages with time to crest 

of 500 to 2000 ~s, crest of 2500 XY (phase to-ground), 3300 kV 

(phase-to-phase), applicable directly to the UHV test line. 

USSR 

A 1200-kV experimental test plant was set up at the Bely 

Rast substation. It consists of a three-phase 1170-m-Iong line with 

the appropriate 1200 kV switchyard. 

Two phases of the line are fed from single-phase 1140 / 500 
- -I 
/j- 7f 

18 kV, 210 MVA autotransformers, and the third phase from a cascade 

cons isting of: 

1) one or two s ingle-phase ~ / 500 /10 kV, 

13 13 
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417 MVA autotransformers, with voltage regulation under load (± 5 per

cent) in the neutral, and of: 

2) a single-phase 500 / 200 /35 kV, 110 MVA autotransformers. 

1"3 13 
The different alternatives for autotransformer connection in a cas-

cade enable the voltage at the cascade terminal to be varied between 

300 and 1250 kV. 

The 1200 kV installation is fed from the 500 kV switchyard 

of the Bely Rast substation through a group of 750/500/10 kV, 3 x 417 

MVA autotransformers. 

The 1200 kV test line consists of four (260, 325, 325 and 

l60 m) spaI'ls. 

The 1200 kV switchyard was designed as a prototype of the 

future line-bay. A circuit-breaker with 5 arc quenching modules, 

a disconnector, voltage and current transformers, and a lightning

arrester were installed. A phase-to-phase clearancp. of 12 m, a phase

to-structure clearance of 7.5 rn, and a phase-to-ground distance of 

13 m were appl ied. 

The studies carried out with the help of the experimental 

facility of Bely Rast were on the following subjects: 

- tests of the internal and external insulat ion of electr i

cal equipment, both at power-frequency and at switching 

surges with simultaneous heating and cooling of internal 

insulation by the operating current flow; 

- measurement of switching surges; 

- measurement and recording of radio interference and 

audible noise; 

- pollution impact on longitudinal voltage distribution; 

- bus-bas arrangement and insulation for 1200 kV substations; 

- electrical fields at a substation; 

- collected experience in installation and maintenance 

of equipment; 
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detection, in the process of operation and tests, of 

faults and design defects among test specimens of the 

equipment in order to avoid these faults when manu

facturing commercial equipment. 
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