NORTHERN IRELAND ELECTRICITY plc
AMENDMENT SHEET - ISSUE 2 - 7 AUGUST 1992

" VOLTAGE CRITERIA DOCUMENT (PLM-ST-9 DEC 1985)

General Use

" Document PLM-ST-9 is a guide to the planning of developments to the NIE system,
each scheme for reinforcement or modification being individually assessed by NIE
in the light of economic and technical factors obtaining.

Particular Modification in Respect of Voltage Step Changes

“In carrying out outage security studies with regard to the 275kV or 110kV system
the following criteria will be applied.

(a) A secured single circuit outage will not cause a step change in voltage
greater than 6%.

() A secured double circuit outage will not cause a step change in voltage
greater than 10%.

(©) The 110kV voltage at bulk supply points will not fall below 90% during
conditons (a) and (b).

) The 110kV voltage at main super grid points shall be considered for
planning purposes to not exceed 103% at any time.

Notwithstanding the above the main consideration for voltage at 33kV bulk supply
points is that after any secured outage it is necessary that the 33kV voltage can be
restored to 100% by use of local tap changing.

This is a variation to the Standard given in PLM-ST-9 in respect of the NIE 110kV
and 33KV systems and the particular mode of operation of these systems.
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1. FOREWCRD

(% Criteria for system voltage are necessary to ensure that
satisfactory conditions can be maintained on the CEGB 400 kV and 275 kV
supergzid system and that acceptable voltages are available to Area Boards
ard COGB auxiliary eguipment. The Criteria refer to steady state
conditions and do not directly encompass transient or dynamic
considerations.

1.2 This system planning document forms the first issue of Planming
Memorandum FLM-ST-9, and supersedes Issue 1 of TDM 13/9 (Design Memorandum
099/32) which was entitled 'Criteria for System Voltage Control and
Reactive Campensation Studies'. A number of changes have been made to the
format, technical content and emphasis of the memorancim. Since TDM 13/9
was released in May 1967 two particular developments have occurred;
firstly, the change in interface between the CBGB and Area Boards following
the transfer of ownership and respensibility for 132 kV assets, and
secondly, the further changes in supergrid system operating characteristics
f:mﬂaecrigmalccnceptcfappwdmtezmalbalanceofgenerationarﬂ
load to a long-distance bulk transmission system. Among the technical
changes, it may be noted that the voltage step—change limits (Critarion A)
nwreqtﬁ:edmndg:u:ploadrespmsetavcltagedmngetobemcl\ﬂedin
the assessment of network performance.

1.3 The Criteria stated in this memorancum are formulated to meet the
following requirements:

(1) To keep system voltages within a bandwidth of levels which at the
upper limits ensure that equipment is not overstressed, and at the
lower limits provide satisfactory system performance and acceptabdble
voltage to Area Boards and CEGB auxiliary equipment, under normal
and secured cutage conditicus.

(ii) To limit the step change of voltage following switching, fault
clearance, or other changes in system conditions planned for at the
design stage.

(iii) To ensure that adequate provision is made at the system planning
- stage for reactive power reserves such that system voltage
behavicur is acceptable cver the range of operating conditions
with due regard for voltage stability.

1.4 The Criteria are presented in tabular format in Section 4 and
supplementary technical information is given in Section 5. Advice on
estimation and application of load response characteristics in voltage
studies is contained in Apeendix 1.
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2t This memorandum s;:ec*.fz.es steady-state voltage limits for the 400 kv_
and 275 kV supe.rgm.d system ard asscciated points of connection for Area
Bcard networks in England and Wales. The Criteria are intended for use in
network_analysis at the system planning stage to ensure that sufficient
margins are provided for satisfactory operation under all demand conditions
in practice.

2.2 The general principles set down in the Criteria are also applicable
tothevoltagesupol:.edtomouactcﬁnamrs These are special cases
which may warrant individual consideration. For a.c. traction supplies to
British Rail, more specific information will be found in Reference 7.5.

2 The Criteria are applicable throuchout the load cycle but have been
prepared within the framework of the C5GB Transmission System Planning Standard
(Reference 7.2) and, as such, are generally fommlated for examination of peak
demard conditions with the network initially intact and then, if appropriate,
subject to secured cutage, i.e. fault tripping, conditions. An exception

to this general statement is Criterion C, referring to high system

voltages, which is usually most applicable to minimum demand conditions.

2.4 In the majority of cases, however, a system designed to these
criteria will result in a network with sufficient capability to meet
off-peak requirements and maintenance cutages. Where necessary, off-peak
problems should be studied individually and the voltage limits stated in
the Criteria applied to ensure adequate voltage performance for the planned
ruming arrangements and specified circuit trippings.

2.5 Where off-pmak studies idemtify unsatisfactory voltage performance,
the cut of merit operation of generating plant should be evaluated as an
alternative to installing reactive compensatien plant or other measures.

2.6 The Criteria defined in this document make scome allowance for
uncertainties in long term forecasting of demands, power factors and other
data. Where more accurate information is available, provision is made for
a relaxation of the Criteria in certain cases.

3. DEFINTTIONS
mefcllcwingtenusamusedinthisdoumtandaredefmedasfoum:

Cireiibs The part of a network between two or more circuit breakers
including transformers, cables, overhead lines, etc.
For the purpose of this dooument, a generator cutage is
treated as a circuit ocutage, as also is the cutage of a
single secticn of buskar.

Corrective !’anu&la:ﬁautmaticactimtakmafteranoutageor
Action: switching action to assist recovery of satisfactory
- voltage conditions; for example, tapchanging or switching

of plant. Figure 1 indicates the typical timescales.



Interconnectad: A network operating configuration in which a substation or
group of substations receives electriczl supoly from =wo
or more independent sources.

Nammel: . When used to desczibe a netwark, mefers to the planned
netwark with all circuits in service in the area of

Phase 1, 2, Time pericds following fault clearance or switching action
3 & 4 which are defined for reference as shown in Figure 1.

Secured Qutage: A single circuit, two circuit or double circuit outage for
which the remaining supergrid and/or Area Board netwerk
is designed to remmin intact without unacceptably high or
low valtages, or thermal overloading.

or switening,

Supergrid The 400 kV and 275 kV power system including supsrgrid
Netwark: transfarmers and generators connected at these voltages.
Sustained The netwark voltage orofile attained following a Secured
Condition: Outage and all available corrective actien.
P ias iyl Phasel Phase 2 Phase 3 Phase ¢
o F
‘ault a.u‘lt RQecovery -
) Periog .
eriod | Period
=0 =5 sec. =30 sec. =3 mins. =20 mins.
FAULT approx. approx. approx. approx.
ox FAULT o Transient
OFF CR Decay ana| ,_. .
CIRCUIT  AWR Fixtap o
SWITCHING Action m::::f‘m_ Automatic aczion
h =y e -
change, i t:s.es. i:c:'in Manual action
Timited auto- d v a5 gf phase (including ) o
matic tape and Megart < telecontrol) a.g. | Sustained condition.
change. 3uto-tapcrange menual tapshange No further corrective

actien availatle.

FIGCRE 1: DETINITION CF POST-CUTAGE TDME PHASES




4. VOLTAGE CRITERIA FOR SYSTEM DESTGN

4.1 INTRODUCTION
The Criteria are presented in four separate Tables as follows:
TRITERION A:  Voltage step changes
CRTTERION B: Lowest sustained supergrid voltages
CRITERION C: Highest system voltages
CRITERION D= Voltages supplied to Area Boards and CEGB
Rt ) arins

Within each table the limiting voltage corditions or other considerations
are stated as Constraints I, II, etec., and explanatory information is given .
in the adjacent Remarks colum. Cross-references are made to Section 5
which provides supplementary information for users seeking supporting
details and application notes.

4.2 APPLICATTION

The Criteria are applicable at the system planning stage to those
saecured cutage conditions that are required to be cansidered under the
CEGB Transmission Planning Standard (Reference 7.2) and Electricity Council
Security of Supply Standards (Reference 7.3). As a general principle it is
not intended that application of the Criteria should warrant system capital
investment or other measures to meet an operaticnal ocutage cordition that
is cutside Security Planning Standards. The exceptions to this general
statement are as follows:

(a2) With regard to voltage rise corditioms only, Criterion C refers,
the outage(s) due to a fault on any circuit breaker, including a
bus coupler or bus section switch, should also be considered.

(b) In the application of all criteria, consideration of single circuit
. autages (but not double or two circuit cases) should be extended
to include single busbar sections.

4.3 For overhead lines, two circuit and double circuit cutages should
in the first instance be examined as both simultaneocus and overlapping
events and the criteria applied in each case. Any unacceptable
simltanecus two circuit overhead line cutages should be identified but
campliance with the criteria for this cnercus condition may be waived
following detailed examination of local conditions. (Reference in
Operation Memorandum No.3 to Designated Single Circuit Pairs should be
noted). In the case of two cable circuits, overlapping events only should
be considered, unless it is judged that local circumstances create an
abnommally high liklihood of simultanecus fault cutages.

4.4 Criterion A, voltage stsp changes, also applies £o normal
operational switching (e.g. switching for voltage control purposes)
subject to the constraints stated in the table, and should be applied to
each stage of an operaticnal switching seguence in turmn.



4.5 —Voltages in excess of those specified in Criterion C colum (b)),

for highest system voltages, should on no account be sustained on the
system. Criteria A, B and D are interded as gquides to good practice and it
is only pemmissible to depart from them if a detailed assessment justifies
it oo techmical, reliability, econamic and, where applicable, fuel policy
considerations. Departure from the Criteria may specifically be justified
in the cases where the Constraints are necessarily generalised, and these
are indicated in the relevant tables. Where appropriate, any variation must
be jointly assessed with the Area Board.

4.6 For application of these criteria, network analysis should normally
be undertaken using an a.c. power flow program (e.g. OPFLE2),
incorporating, where appropriate, the load response characteristics,
autcmatic tap changing and cther features as applicable to the Phase 1, 2,
3 and 4 timescales.

4.7 THE CRITERIA

The Criteria are presented in tabular form overleaf.

m—
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CRITERIGN A: Voltage step Canges

CDITION

ETECT

secured Cucage(s)
o thme &00 kV or
275 kV sumergrid
NETWACK.

e.3.
misening af

nrouits o alaent
mnesal purposas.

Voltage sise
ar fall at the
goimt of supaly
£o Area Boards
{cypically the
SGT lowar

valtage side).

Par =re case of a secured
loss of supercTid cranse

D N T S

L.

4.

B.

Citerien A is apolicable ©o the tharge Lo
wvoltage vetween that of che pre=Sauls
sericd anc that of Phase 1. uncer ail

o ‘

Load respomse ChHAracteristics are o be
taken 1nto cmsideracicn (see 5.3).

Consumers may be subjected o Two
disturtances. fizst a voliage Zall due ==
the fault cutage ard chan a2 cise whea
healthy epupsent is retusoed ©o secvice.

Autcmaric tapchange action (maialy in
Phase 2} will retcuzm the voltase
resmnsive demans ang my ZscTease
svsteR valtages Surther. Volsage
stabiiicy siould be examined inm Seeaxl
if suparsTid voltages fall celow =ne
valuss stated in CSizecion B (see 5.19).

Constraine I 1s apolisable 0 = loss
of a supergrid tsansi=roes in 3 cape
Stagoer arTangerenc.

Constrains II Zoes =ot apulv o e loss
5% 400/275 XV esansiormacs.

Conszraiae III assmumes —as e
switching speration will ot Se

TepeacEi 3T lésd SNAN 2 iDuTly LitefVais.
If ore Zeguent tman 2 houss a limvs of
1% should oe apoliex. Tmase l:imits

and are relaced ©© Dwginwering recom~
oerdacion PL3/1l. Exmminazion of
individual uses mry pec=:i: scme Talax-—
ation. See Reference 7.3.

e step shange should oot exceed ==
6% where gensfating ssatiorn auxiliasy
supplies are dgrivex oom the Arsa Zoacd
DR,

cision. They 3o o cefer Z:rectly
@ the sermitted sTagusoTy vesiation
in

ceclared /oliage.




CRITERION 8: Lowest Sustained ScpargTid Velzages
|
CDITION EFECT F CONSTRAINTS REMARKS -
[
Mormel 400 kV arst | Sustsined I 400 kV voltages should L. Comstzaint I applies =5 che comsal
275 kV networks— | voltage o= oot be lower than 97.3% sre-fault cxdizion. Comsesainses I7
1 secvice, dizions on wne ard 275 kV voltages siould > V should be @et at the stars of
Wlthout cutages. 00 kY and oot e lowes wmhan 95% of Prase ¢ (susta:ne] condizicn) withoue
275 kV systems. widsspread re—t2oolng of Senerator

Secured cutage(s)
on the 400 kV or
275 kV swpergrid
MBEWSTK.

II

1

(a)

($-)]

{e)

1
¥
]

ba's

doee remarks J;—<¢ amt 5.

Volcages e che 275 %V
SYStER my be parmisc=ed o
fall omiow 353 but not
less cthan 90% (ses
remack ).

A group of generacion
stould not e required
0 suStAin MVAT CUTITS
beycexi declared limcs as
4 conseguunce of the
seczed cutage. (See
TemArks 7 & 8).

(al

(®)

transiofmers Lo lncTease MVAr SusSuts.
(See 3.25).

Volzages less than 95% should =oc be
sustained whare generacing stasion

aurxrliasy st=plies are des:ved fmm
the 400 kV or 275 kV syscess.

90% voltase cn the 400 kV or 275 <V
systes is crly acceprable whare:
Sub-stacion main and auxiliacy
plant is a0t adversely affecsed
(see 5.13).

the demarvis and cowmr Sactors used ia
the necWork stidies are judged w0 om
wmll defined and not subjecs to wide
solatances (ses 5.6)

With reference ©5 Consesmines L[II
and IV, wltaces 9¢ 308 «ould e -
acoepcable. even if achievable, ac
suc=stations wnere directly=cormecses
Fenmracion 1s$ Dwming.

Comseoainss IIZ(b) ars {c) are iazenced
<D ensure Shat 3 903 voizage =ndition
is localised. Sor two or core suo—
staticns whuch for= a2 sto=sToup wucsh
sose-fauls is elecesicaliv semote ===
e AN iNterssrnecTa SYStes, 1T .my
o coeracte at 90%f subjec:t =S examinac:en
2f ixdivicdual cases Sor wolzage
szabiliey. Alss, lower wolzage intes-
SOrwCTion @Ay be acseotanle ~ost-

13, subjec:t to sialar examisacion
(see 5.20).

should be examined carefully, with
parsicular actencion to sensitivicy
at the lower limc of 30%.

Constraing V will cenerally be
effeciive 1n cmnuncsion with e
95% voltage lLimts.

In owm suseained condision, afzes
acoeptable jenerzsor sransisroar
re=canwing (sew 5.21), tha Coizesion
B constraines snoull Se =t wisisus
GeNAracors exceeding declased var
capabilizies.




QRITERIGN C:  Hignest System Voltages

NETWCRK AKX DM OPERATDG .
{alm_mmm {b) ECUIRENT RATED VOLTASES
132 kv 139 KV (+5%) 145 &KV  (+2.8%)
275 kV 289 1V (+5%) 300 &V (+2.1%)
300 kv 210 &V (+2.58%) 420 KV (+3%)
220 <V (+5%) <=0 <V {=iC3)
= where e o3t of acnieving +2.5% is = uhere secucsion = <20 <V (+58)
ACBITLIVE AN DedAns wil. De avalrlanie 3 aSSuevanle wilus L3 sinuces.
o recuce it within 1S mumses.
Remarks: (1) Citerion C apolies o Phase L. 2. 3 and 4.

(2) Tw euipmant raced voloaces in coli=m (D) are shown for oparison surtoses:
hewgvaz, at the systam plarning scage the column (a) figures should e =eplied wits
mmummm._mmmmaqmm
dispogicion., etS. Scem selaxaction of the column (a) figures may e possible

- 3Bllewing ongulzation with incerestad parties.

(3} wzngmmozmmtmmmmnmam
mmmﬁnawum.mmmmmmm.
mim&hgnm:ma:ﬂ;:&mmumiﬁd:y;ﬂaumwm;ﬁn
&mwmnmm:mmmm:uurmmnfm
amm.m:tmzﬂummam. (Commation Masorarcun
l zefecs.)

(4)

The 340 kV fiqure in el (D) is a dispensacion agresd %ot the <00 kV sysze=,
ot a iormal eqUipment fRATINS.




SRITERIC D:

Voltages Supolied o Area Boards and C558 Auxiliaries

CRDITITN —

REMARKS

MNormal 400 kV and
275 xV natworks
in service,
WLLNOUE CUTAgES.

Secuzed susage(s)
of the 400 xV o
275 kV network.
or of sucergrid

(3]

Sscured sutage(s)
of tne 400 kV o
275 =V asework
wnich gimils—

ze loss of

sir=nts ac
—ansiormers.

Crizesion D soecifies separate ConSToALNT
for each time Phase. Constsaine I2
should seneraily Se mev at the sctare

cf Phase 4 (sustained congdicion) withous
widespread generzcor transioroes
capchanging O incTease MVar Outpucs

(see 5.25). [ower sustained "mitages
(svpically 95-1C0%) my be acceptaole
follownng decailed examinacion 2% Arsa
Board and CESS networx pesiocsants.

Coicerien D applies to all demasd

It is recconised cheec scme Asea Soard
neoorks have besen ocotizuised Sy roroally
oTmung at voltages in excess of L00%
and, 1N SODR LnCECCCMNSCSSC FRetWOrKs,
cneral of reactive sower Slow caouires
coeraticn at greactes than iC0$ voltage.

Under Conseszsne=s If and III, &2

iLs voizage ray Se Des=iTt
o fall selow lO0% if ceta:led assassment
shows taac Slane persormance Wil oot
e adversely sffected {sew 3.18).
Wizh sefecerce o Comstsaine III:
e lowest level of voitage = e
expesiansed by e Aros Joard Suring
hases . arxd 2 cannot e stacad as
an absoluce figize. The ovessidi=g
SeRurement is for the COGB anc Area
Soard =S be satisiied chac stanle
voleage crditions are acuevabis.
It i1s ansisipated chac 35-30% will
be acSeprable for the Limsted Juratich
of fhases | and 2. in most sizuations.
sibject o examnaticon 9f sensisivisias.
(See 5.5). Secability should aiso
be examined careZully :f, durisg
zhis pericd, =he supersrid voleace Salls
Selow =@ values stazed 1 Cricssien 8.

Constraint IV applies o tha nominal
20 minuee seriec teqrored SOr mamal
acmion sost-fauls, and a minimum
acteptable voltags —annot o
general:sed. It i3 1ntended Thwat
cnsumer and auxiliary slant srould
e safeguars=ed Sut that voltages
legs than tarcec may Scour. It s
antisioated Thac a voltage of 90-35%
ac mw powns 9 suoopiy o e Area
2oard will e acteszanle for Tae
curation of Shase 3. subyect =
=nsiceration 2f local —=citiens
(e.3. 132 <V cormected =nsumess).




5. SUPPLEMENTARY TNFORMATION

The following section is intended for users who require
a more detailed understanding of the reasoning behind the Criteria.
Also, general information and reminders are provided to assist
application of the Criteria to practical cases.



| TARCHANGERS

SE For a detailed examination of voltage performance in Phases 1 and 2
it is necessary to assess the behavicur of autamtic tapchangers as their
action will tend to cancel load-response effects and result in more onercus ~
netwerk conditions. The following notes are provided for general

5.2 Area Board distributicn network transfommers (11/.415 kV, 6.6/.415
kV ete) generally have either fixed tap ratios ar off-circuit selectable
taps. System transformers (132/33 kv, 33/11 kv etc) usually have on-load
autamatic tapchangers and supergrid transformers (400/132 kv, 275/66 kV
etc) are generally provided with manually operated on-lcad tapchangers.
Bowever, the latter are equipped at scme sites with autamatic control
(particularly 275/66 kV) and this is likely to become more common for all
‘supergrid transfommers, particularly in passive (non-generation) groups.
mceptimstothegenemlrulefcrwpetg:idt:ansfomersa:emwzﬁkv
units which are presently fixed ratio. Transformers supplying railway
loads (e.g. 132/25 kV, single phase) are usually fixed ratio for smaller
sizes (e.g. 10-14 MVA) and off-load selectable for larger sizes (e.g. 18-26
MVA). Generator transformers are equipped with manually operated ocn-lcad
tapchangers. It should be noted that, in same cases, automatic voltace
control equipment on system transfommers is designed to inhibit opezation
for voltages cutside a stated bandwidth, typically -20% to +30%.

5.3 Tn the ahsence of automatic voltage control (AVC) on supergrid
mnsfomersitcangenerallybeassnedthatmaoardtransfcmerswill
autcmatically tapchange to attempt restoration of 33 kV and 11 kV (ar
equivalent) voltages before the marmual operation of supergrid transformer
taps. Whilst most Area Board AVC's have a time delay of 30 seconds or
lamge:,theresponseofag:mpof_AVC‘sissubjecttovariationassane
AVC timing mechanisms may be partly through their cycle in respanse to
normal load variations. Also, same AVC's are fitted with an accelerating
feature to initiate inverse~time characteristic or immediate tapchanging in
respmsetoalargestepcbangeinsystenvoltage. Post cutage automatic
tapchanging is significant because it will generally return
voltage—respnnsivedara:ﬂazﬁr&sultinsystancnnditionsbmjngmre
cnerous.

NETWORK MODELLING
5.4 In studies of abnormally low voltage conditions (typically 95% and

lower), regard must be given to the possibi ity of voltage collapse if the
mﬁmmxtmnsfarcapabilityofthesystmigmeﬂed. Particular

particadarly in the area of interest. Paragraph 5.9 provides further
guidancecnnuiellinggmeratarmandmarmtg:ts.



S5 Sensitivity studies should be undertaken to demonstrate that
camensation or other reinforcement proposals are sufficiently robust to
prevent voltage collapse for reasonable variations in study data. Judgement
mst be made of likely variations in the magnitudes and distributions of
demards ard generation or other parameters. The following comments are
provided for guidance:

(2) For sensitivity checks in stidies using ACS demands, without
Interconnection Allowance, a 5% increase in demand above ACS figures
will correspond to an 80% confidence level in demand predictions.
(This assumes that a Gaussian Distribution of demand, with 6%
standard deviation, is approcriate to the 4-5 year planning
horizon for voltage issues). Pessimistic generation assumptions
should not be made if demands have been increased for sensitivity

planned cutput levels. Where study assumptions make the use of
. PILM-SP-2 Intercomnection Allowance appropriate, this may be .applied
for sensitivity checks in place of the 5% demand increase.

(b) It is less straightforward to provide guidance for the examination
of sensitivity to perturbation in generation pattermns. In temms of
risk, the loss of a 'further' generator in an area at’ the same time
as a double circuit cutage is a relatively unlikely event. The
most likely combination of cutages involving one or more circuits
and 'further' generators, will generally be the condition of cne
'further' generator cutage plus a single circuit cutage. Thus, for
a sensitivity check with a 'further' generater cut of service, it
is recommended that the network should be examined with ocne rather
than two circuits cut of service.

(c) For sensitivity checks of low voltage conditions it is usually
acceptable for the criteria to be infringed, provided that:

(i) stable voltage conditiaons are attained, and

(ii) the network does not became over-sensitive to variations
in other data assumptions.

The remarks in 5.21 regarding generator Mvar reserves should, however,
-mmtﬁc

5.6 The estimates for future demands in a network wder study may be

cordition to be modelled confidently. Feor relatively short temm studies
(say 5 or 6 years hence) of groups not subject to load transfers, special
development or major new loads, it should also be adequate to base study
demardds on OM1 data interpreted where aopropriate for off-peak conditions,
diversity and load duration curve characteristics. In general, netwark
leading conditions based on diversified OM1 demands should form the basis
of justification when assessing the capacitive reactive compensation plant
requirements of local groups, subject to sensitivity checks.



5d Care should be exercised in applying peak demand power factors to
low voltage off-peak studies as investigations show that in certain areas
the power factor may be reduced (proporticnately greater lagging Mvar
demand) urnder of‘-ne:ak conditions. In the absence of better ofi-psak power
Sactor data, it is recammended that demand group reactive loads (QL) in the
area of interest are maintained at the values determined for peak demand
conditigns. This is only appropriate to demands represented at the Bulk
Supply Points.

10AD RESPONSE CHARACTERISTICS

5.8 Voltage profiles, in Pericd 1 particularly, will be sensitive to
the load response characteristics modelled in the study. System tests have
been undertaken at a number of substaticns to measure the response
characteristic but, even where these are available, it is not always
practicable to model each characteristic individually in a study. Use of
measured characteristics has the further limitation that they may not be
fully applicable under different seasonal or time of day conditions and,
over a pericd of time, the load composition of a demand group may change.
Appendix 1 describes a technique for predicting load response
characteristics for use in voltage studies and may be applied on a
generalised basis (e.g. study zones) with a suitable margin for use at the
planning stage. Curves P1 and Q1 from the Appendix are recomended for

general application, particularly in preliminary studies, as they represent
a minimm response which tests to date indicate will be exceeded in

practice. Further information on the background to the Appendix is
available, see Reference 7.6.

GENERATION CAPABILITIES

5.9 For a consistent approach to generator MW and Mvar capability
representation in a.c. power flow studies, the following guidelines should
be cbserved. Application advice for the two altermative representations is
described in 5.12.

5.10 REPRESENTATION (&)

Generator non-availability should be represented by disczete
generator units cut of service to give a whole system MW
output equivalent to that calculated using the seascmal

- availability factors applicable to the variocus classes of plant.
The location of units cut of service should have regard to the
critical circuit trippings such that worst-case corditions are
represented. Non-availability should broadly be apportioned to
the sending-end and receiving-end networks (where identifiable)
in the ratio of the MW capacity of the generation assumed on-bars
in these two networks. Mvar capability limits for the
turbo-generators assunred running in the studies shouid be reduced
fran the R1 declared values to allow for randam shortfall '
affects. In the absence of better data, 90% capability is
recammended for study purposes. However, where Mvar capability
- is found to be critical to system voltage performance,
sensitivity to the generalised 90% should be examined and, where
mss:ble,theaccuracyofthef;gxremnﬁnneifcrthemachmes

in questien.



5.1 REPRESENTATION (B)

Generator MW outputs and Wwar capabilities should be calculated
by applying the appropriate (MW) availability factor for

the station directly to the declared MW and Mvar capabilities
stated in the CR1 returns. Allowance for Mvar shortfall should be
covered by ensuring that a satisfactory overall system Mvar
reserve is retained under all secured outage conditicns. 2
reserve in the order of 10% will usually be adeguate.

5.12 APPLICATION

(1) Representation (A) is recommended for detailed eamination of
network problems, particularly where critical circuit trippings have been
clearly identified and where the uncertainties associated with the network
(e.g, generation or transmission system changes) are minimal.

(ii) Representation (B) is recommended for preliminary investigationms,
where critical trippings may not have been identified where other
uncertainties exist owing to the unknown longer term conditions. (B) will
also be suitable for examination of whole-system problems which are
expected to occur with an intact main interconnected network, due o
generator or reactive campensation plant non-availability/t=ipping.

(iii) For the detailed examination of localised problems it is acceptable
to apply (A) to the area of interest and (B) to the remainder of the
netwark remote frum the critical trippings. In same cases it will not be
possible to represent average availability with discrete generator units
ocut of service, owing to the limited number of sets in the area of
interest. Where this applies, the mmber of sets cut of service should be
chosentogiveamcutputfcrthea:eamtgreaterthanthatcalculated
using the appropriate average availability factors.

(iv) The approach of Representation (A) will require careful application
for areas where single large generation units make a significant
contribution to that area. Where examining circuit trippings with the
onercus assumption of nil output from the station, the network can be
considered acceptable if stable voltage conditions are achieved even though
the criteria may be infringed.

(v) With either representation, QM1 estimates of demand power factor
should be used. Uncertainties in this data resulting from the planning
lead time are considered to be covered by the scaled-down Mvar capabilities
and the margins incorporated in the criteria voltage limits.

{(vi) Reactive compensation plant should generally be represented at full
nameplfte Mvar capability, but where a single item of plant critically
influences network performance the principles adopted for the regresentzation
of large single generaticn units should be applied.



AUXIL.IARY SUPPLIES

5.13 The integrity of auxiliary supplies is fundamental to secure
electrical operation of the power system, particularly under adverse _
corditions. Auxiliary supplies to nuclear generating plant reguire the
additional consideration of station safety aspects and this may fomm an
overriding requirement when determining minimm acceptable systam voltages.

5.14 Generating station and substation auxiliary supplies are derived
frem station transformers, unit transformers, auxiliary transformers,
tertiary windings and/or Area Board networks. In many cases diesel or gas
turhine-driven alternators are available in a standby mcde. Station
transformers are provided with an-lcad tapchangers and the awdliary
transformers associated with supergrid transformer tertiary windings have
automatic voltage regulators if shumt reactors are connected.

{Reference 7.7 refers).

5.15 For low sustained supergrid voltage conditions of 95% (Criterion B
Censtraint IT) it will be possible to maintain 100% auxiliary voltage
following tapchanger tion. In the cnercus case of awdliary supplies
bejngde:ivedfrmaremteﬂzkvmanhavingtw:supergrid
transformers, one of which is cut of service at peak demand, it is
estimated that the auxiliary voltage may fall to 96-97%. In practical
termms, awdliary voltages down 95% will be acceptable. wWhen considering
lﬁ:elyvariaticnstobee:mﬁinamd.lia:ywltagesitmybemteﬂthat
the autamatic requlator, associated with supplies derived from certain
supergrid transformer tertiary windings, is only specified (Reference 7.7) to
caitmltheﬂSVsupplywithinabandwidthofé%—S%andhreaBoa:d
supplies are subject to +6% -6% statutorily permitted variation about the
declared voltage.

5.16 For a sustained supergrid voltage of 90% (Criterion B, Constraints
TIT and IV) it is important that adequate substation awdliary supplies can
be maintained. In particular, the behavicur of motor lcads for starting
and post fault re-acceleration must not be jeopardised and satisfactory
mmemmmmmfmmsmmiumbem.

The following checklist itemises scme of the substation auxiliary plant
that should be considered when appraising system low voltage conditions:

(a) - Unlatched contactors (drop-off voltage will be 80% or less, BS5424 refers

(b) Motor loads: air compresscors, hydraulic compressors, motorised
isolators, tapchanger mechanisms, cooler pumps and fans, oil plant, etc.

(e) Air dryers, Drycol breathers

(d) Cranes and hoists

(e) Beating and llght:.ng installations

(£) ~ Battery chargers

(g9} Control and instrumentation computers.



It should be notad that high pressure discharge lam::srray
extinguish at 80% voltage (apmraximately) and may not restrike for severzl
mimites, until cooled. Panel metering, including freguency meters, will
generally operate satisfactorily down to 50% voltage and tariff metering
will remain within 0.5% accuracy down to 90% voltage (BSS685 Class 0.3).
Autcmatic synch-check relays of DAR egquipment will generzally be inhibited
whilst voltages remain below 85% and the possibility of DAR failure should
be examined if sustained low voltage conditions are predicted.

5.17 The possibility of utilising site standby generators to alleviate
low substation awdliary voltages should be examined. Automatic starting
for conditions of low veltage, rather than no voltage, may be necessary.

MATIN PLANT

5.18 The secondary current cyclic capability of main transformers may be
reduced under sustained low primary voltage conditions. This is due to the
additional primary winding heat input to the transformer, arising from the
greater primary current when the transfommer is re-tapped to campensate for
the low primary voltage condition. Detailed studies are required to
determmine individual limitations but, as an example, a supe.rgridd:x.:ble
wound transformer having a 130% capability for 100% primary voltage,
typically be reduced to 120% capability for 50% sastamedpu::ma:yvcltage
at 0.98 power factor.

VCLTAGE STABILITY

5.19 The relationship between power transferred across a system
impedance and the receiving-end voltage for assumed constant MW and Mvar
demands follows a simple parabolic shape, and a family of curves can be
drawn for a range of sending-end voltages and receiving-end power factors.
The curve becomes steecer as the knee-point is approached and, for a
relatively small increase in power demand at the receiving-end, the voltage
can collapse to a low level rather than continue to decline in a controlled
mamner. In practice, a system having generation close to the affected area
may not suffer voltage collapse immediately as same machines may generate
lagging Mvar beyond their continuous operating limit (see 5.23); however,
individual staticn operators would act to mamielly reduce Mvar ocutputs to
acceptable levels to prevent machine overheating or other damage (see
5.21). Also, in practice, MW and Mvar demands are not constant and the
overall system effect would be a decline in system voltage, constrained by
the characteristic of resistive lcad and under-voltage tripping of motor
load, but in the extreme case causing voltage collapse, loss of generation,
system splitting and partial or total cascade failure. The severity of
voltage collapse, from a system point of view, will depend on the

tion of generation and fast-acting compensation, and the position of
the critical fault cutage in the network. It may be noted that if the
maximm power transfer capability of the system is exceeded, there is a
possibility of dymamic instability occcurring in the fom of reactive or
active power oscillations. This is, however, beyond the scope of this
document and reguires separate analysis.



5,20 It may be noted that, for the supergrid system, significant Mvar

gane:aum is provided by circuit susceptance. However, this Mvar support

is proporticnal to the square of the voltagc- and is reduced considerably
under low voltage conditions and can be a significant facter in supergrid
voltage collapse. The 95% constraint in Criterion B is partly determined
by this consideration. For overhead lines, the net Mvar generation/deficit
to the system is a function of line loading and the Natural Load of the

line. In Criteria A and D, the acceptance of lower Area Board voltages

under supergrid transformer cutage conditions takes account of this; high

circuit loading/low voltage being generally restricted to the lower voltage

circuits and transformers without detriment to supergrid system net Mvar
generation. '

GENERATCR TRANSFURMER TAPPING
5.21 The 95% constraint in Criterion B includes a margin for variaticn
in system demands, generator Mvar availability and other data

uncertainties. This limit, and the step-change limits in Criteriom A,
should in most cases result in generation retaining lagging Mvar reserves.

However, as described in 5.19, extreme system conditions may cause machines
to generate lagging Mvars beyond their contimuous operating limits. If the

excess reactive generation is beyond declared capabilities, reduction in

Mvarcu!:putbygeneratcr*l::ansfomertapdmngmgma bea.ttauptedbymnual

operator action. This action is likely to be ineffective if a group of
generation, rather than a single set or station, is affected. Excess Mvar
ocutputs should be examined at the plamning stage (by attention to machine
terminal voltages or by delimiting generator Mvar capabilities in the
stidy) to ensure that a group of machines will not be required to sustain
Mvar generaticn unacceptably beyond machine limits as a comseguence of a
secured cutage. For such conditions, reactive compensation or other
remedial measures may be justified; even though the voltage limits of
Criterion B are not infringed. Individual cases should be assessed on
their merits following consultation with interested parties.

5.22 It should be noted that in the practical situation it may be
possible to alleviate excess generator Mvar cutput by action to reduce
system MW transfers.

.23 In general, 'Var limiters' where provided on a machine only
constrain Mvar absorption, not Mvar generation. However, scme newer AVR's
on large machines have facilities which are set to constzain both
absorption and generation.

5.24 At the system planning stage, the selection of generator
transfarmer taps to control system voltage profiles and Mvar allccations
should be fully examined. However, as this is a mamual cperatiom,
variation of tap position should generally be considered cnly in the
pre-fault pericd or as a longer term action assumed to take place in the
sustained condition, Phase 4. This applies to alteration of taps for
either increasing or decreasing generator reactive cutputs.

5.25 ~=The supergrid low voltage limits of Criterion B should generally be

achievable at the start of Phase 4 without widespread re-tapping of
generator transformers to increase Mvar ocutputs but limited re-tapping, at
a single station or a group of stations, is considered acceptable.



6. _REOMMENDATIONS

Byt It is recommended that the c—iteria stated in this memorandum
should be used in future system design and reactive campensation studies.

6.2 The criteria should be reviewed if future generation planting
causes the supergrid normal operating mode to revert to approximate zonal
balance or if there is a significant increase in automatically contrelled
campensation plant, particularly in heavily importing zones.

6.3 The criteria have been derived within the framework of &5&E
Plamming Standard PLM-SP-2 Issue 1 and Electricity Council Recommendation
P2/S. A review of these standards would necessitate a consegquent review of
the voltage criteria, particulariy if a whole-year reliability analysis
appraach were to be adopted.

Issued by : System Technical Branch
Approved by é}lﬂ’g‘; TZ . Date : \2,)(2_126
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APPENDIX 1

APPLICATION OF LOAD RESPONSE CHARACTERTSTICS FOR VOLTAGE STUDIES

Al INTRODUCTION

_ load response measurements have been carried cut at a number of
substations (approsdimately 30 sites to date) for a range of system demand
conditions. The tests confirm that both MW and Mvar demands are voltage
responsive: in general terms, a fall in system voltage results in a fall
in MW demand and Mvar demand. The Mvar response is generally greater than
the MW response, which is significant in studies of system voltage as such
studies are gerticularly sensitive to reactive power flows. An increase in
System voltage similarly results in increased MW and Mvar demands, the Mvar
change again being the more responsive.

The foregoing general statements hold true for any demand group
where the net demand power factor is dominated by the Mvar reguirements of
the system loads and not circuit shunt susceptance or, where applicable,
capacitor banks. Exceptions to the general rules, therefore, tend to be
responses measured at supergrid substation LV busbars where the LV (132 kV)
network contains considerable lengths of underground cable having a high
shunt susceptance. Allocwance must be made for this when applying measured
or estimated characteristics for lead responise in voltage studies. The
following paragraphs describe the methcds of application for both supergrid
LV buskars and bulk supply point busbars. Report TPRD/ST/0006/R
describes the supporting work for this Appendix and summarises the load
response measurements to date.



b

a2 REPRESENTATION OF LOAD RESPONSE CHARACTERISTICS

Load response characteristics can be represented in the form of
polynomial eguations as follows:

(a) For MW Response to Voltage (B/V):

P = Do (AIV + a2V"%), vhere

P = M7 demand at voltage Vpu  Po = nominal M{ demand

Al = proportion of static A2 = proportion of motor load (pu)
i load (pu)

(A1 + A2 = 1.0) N = 2 N2 = Zero

(b) For Mvar Resccnse to Voltage (Q/V):

Q = Qo(mvm +Bzvm+339m1,h&1e_-e

Q = Mvar demard at voltage Vou Qo = naminal Mvar demand
B‘I:propartimofreacti; ‘B2 = proportion of Fe

static lecad (pu) saturation reactive lcad (pu)
B3 = proportion of reactive M =2 M=7 M =2

motor load (pu) (Bl + B2 +«+ B3 = 1.0)

The coefficients A1, A2, Bl, B2, B3 will vary between lcad groups and
are entered as required in the a.c. load flow program OFFLEZ.



A3 APPLTCATTION OF MEASURED LOAD RESPONSE CHARACTERISTICS

Details of measured load responses are provided in separate CEGB
technical reports which include appropriate A1, A2 ard B1, B2, E3
ccefficlents for use in the OFFLO1 program repressntation. Caution is
required in applying these responses and the following points should be

: The measured response characteristics are only directly applicable
for the particular measurement buskbar and for the demand and power
factor at the time of test. For example, the Q/V characteristic
measured at a supergrid LV busbar should not be applied to lcads
represented in a study at the Bulk Supply Point busbars unless it
is ascertained that 132 kV network susceptance does not have a
predeminant effect. Particular care should be taken if the test
measurements refer to a net leading power factor group. The
polyncminal coefficients derived for a leading Mvar demand will
result in an invalid representation if applied to a lagging Mvar
- demand in the study model (the response characteristic is likely
to have the wrong sense and will increase the lagging Mvar demand
for reducing voltage).

153 8 If the characteristic was measured at a different demand level ar
net power factor, or if it is required to eliminate the effects
of 132 kV susceptance from the characteristic, then the character-
istic should be modified as described in report PL-ST/10/78
(S.W. Peninsula load response tests) Appendix IT.

pe s Same measured responses have a very marked Q/V drop—off which,
in extreme cases, changes the demand power factor from lagging
to leading. In voltage studies, particularly of peak demand low
voltage conditions, a more cautiocus characteristic is recamended
to provide a study margin unless it is ascertained that the
measured response is fully applicable for the demand condition
and event duration being examined.

v The measured characteristic represents a total demand group
- response, including the effects of circuit susceptances and,
where applicable, sinmt capacitor banks. The study mcdel must
therefore include the Mvar reguirements of the shunt elements
in the busbar Q load term and should not have system susceptances
or capacitor hanks entered as separate bushar shunt items.




A4 ESTIMATTION OF LOAD RESPONSE CHARACTERISTICS

GENEL, REMARES:

Analysis of measured P/V and Q/V responses shows that a valid €
am%noncanbenmezfthedemandmbactoramﬁlmdtym(eg.
industrial, damestic, etc.) are known. The estimated response
characteristics are presented such that a more cauticus characteristic can
be selected if required and a minimm response is indicated for application
where load type or power factar is uncertzin. It is not intended that the
estimation techmigue should be applied to unusual loads (e.g. experimental
facilities); in such cases a measured response should be cbtained if

darazﬁsshmldbeassmaifcrmus:alloads

IOAD TYPES:

The reference to load type provides an estimation of the procortion
of motor load to passive load in the demand group and, in the absence of
better data, can be regarded as a constant proportion, independent of
demand. The load types and corresponding assumed proportions of motor lead
are defined as follows:

DOMESTIC LOAD: 10% Motor Demand LIGT INDUSIRIAL: 50% Motor Demand

COMMERCIAL LOAD: 30% Motor Demand HEAVY INDUSTRIAL: 70% Mctor Demand

AS ESTIMATION OF P/V CHARACTERISTIC

The power/voltage characteristic for the four load type
classifications are shown in Figure FV1.

The selected characteristic may be applied either at the Bulk
Supply Point bushkar or the supergrid LV bushar as it can be considered
unaffected by the intervening (132 kV) network. If the locad type differs
between Bulk Supply Points an average value of % motor load should be
determined, weighted by Supply Point MW demands as follows:

Smidmmage%mlmd=€{%mloﬁ)x(mdamﬂ)

BSP's
i (MW Gemand)
BSP's

Study voltage profiles are not generally sensitive to P/V response
and, for this application, an accurate assessment of $ motor demand is not
essential. It can be seen from the Figure that, at 0.9 pu voltage, a
change from cne load type characteristic to another only alters Ppu by
apmmtalyS%,Mismthintheamcyofmeasureﬂrespcnse
characteristics.

The notes on Figure PV1 should be chserved.




A6 ESTIMATION OF Q/V CHARACTERISTIC

GENERAL:

‘The reactive power/voltage characteristics for the four lead type B
classifications are shown in Figure QV1, sub-divided by load group (lagging)
power factor. .

Study voltage profiles are sensitive to Q/V response and care should
be taken in applying the estimating technique, with carticular regard to
representation of shunt capacitive elements, as detailed below. Validaticn
of the technique shows that the estimated Q/V response, at 0.9 Pa voltage, is
generally within +/-10% of the measured response and where it exceeds this
tolerance it errs on the side of caution for low voltage studies by predicting
a less-responsive Q/V characteristic. It may be noted that the measured
results are subject to approximately +/- 5% to +/- 10% accuracy.

Ifandvemllloadtype(%mtnrlcad)isrequiredfcrassessingthe
characte:isticofagmxpof&mcsl:pply?bints,theaverage (weighted by MW
demand) should be determined using the formula in Secticn AS. If an overall
power factor is reguired it should be determined from the diversified total
P load-and Q load of the Bulk Supply Points, excluding the Mvar contribution
of circuits or, where appropriate, shimt capacitors.

i _MPFMMMMSUPPLYPOD@

(a) Set the busbar Q locad equal to the Mvar demand estimates for group load.
(b) Apply the Q/V characteristic from Figure QVi.

(e) Representﬂzedanandgrmpc:“faﬁtmegtance,arﬂanycapacitcrs,as
a bushar shunt. Circuit susceptance can be ignared if it does not alter the
denardgrmpmfactarbymthann,whimisgmallytheasefor

33 kV systems and below.

v LEADING PF IOADS REPRESENTED AT BULR SUPPLY BOINTS

Aleadirgmfactorisum:snlata&ﬂk&:pply?omtarﬁ,emeptfor
spedalloadsmidifaumtsidethemcfthisrwpmseestimﬁngtadmique,
mﬂdmlya:iseforanebmﬁ:havingzalativelylmgmlelengthsandalcw
demand” In the absence of measured respomse characteristics it is recomended
that fixed MW and fixed (leading)btva:dmﬂsa:eenteredinthesuﬁy.

III LAGGING OR LFADING PF LOADS REPRESENTED AT THE SUPERGRID LV SITE

(a) Set the busbar Q lcad equal to the sum of the respective Bulk Supply
Point Mvar demands, diversified where appropriate.

(b) Apply the Q/V characteristic from Figure QV1, note the remarks above
regarding the calculation of overall load type and power Sactor for a
group of Bulk Supply Points.

() Represent the LV (132 kV) netwark susceptance, and any capacitor banks,
as a bushbar shimt.

(d) If the net power factor, including system shumt requirements, is leading
or if the magnitude of the Qlcad temm is less than twice the magnitude of
the bushar shunt term, then note the comments in Section A7.




A7 FURTHER Q/V CONSIDERATIONS: GROUPS WITH LARGE SHUNT TERMS

This sectic:n applies to representation at supergrid LV buskars
whe.reeitherthenetpwe.rfact:risl%g, or it is lagging but the QOshmt
tam iS5 large (in magnitude: Qload < 2 x QOsmmt).

It should be noted that the Mvar contribution from smmt elements
reprasaztedatﬂ:eh:sba:willbera&uqaﬂinprcpartimtovoltagesq:msi
asbustarmltagefalls,a:ﬂthebivardarmﬂtem@oadﬁllberﬂuaadby
the value of Qm, the load response polynomial expression. The relative

side of caution, notwithstanding that measured characteristics may confirm -
that these effects could occur under some conditions in practice.

Qurve Q1, the least responsive characteristic, is close to a
voltage-squared response and should be a ed where in doubt, as the
Qshuimt and Qload terms will remain y in proportion over the voltage
rangearﬁwiupremtmepmerfactnrd:angingsignificantlyfrmlagto
lead or a net leading power factor group becaming significantly mare

Curves Q2 to Q12 may be applied but it is recommended that the
temms (Qshint x V pu) and (+Qload x Qpu), where Qpu is the value of the
lcad response polynamial at V = Vpu, be evaluated to determine the
acceptability of any net power factor change fram lag to lead or increased
leading Mvar contribution. The Qpu temm can be read directly from Figure
Qv1 if required.

NOTE:

If, in magnitude, Qload > 2 x Qshunt the applicaticn of even the
most responsive carve (Q12) at V = 0.9 pu will not cause the Mvar demand to
change from (+) lag to (-) lead and the reservations expressed in this
section need not be applied. If, however, voltages below 0.9 pu are to be
studied the foregoing remarks should be cbserved.

Ref: TPRD/ST/0006/R/JGPS




VOLTAGE (pu)

Pou
MW SCAL ING
FACTOR

L3 f

L.z p

1

P4

o

- .5
- .4
"""" OPFL@ PARAMETERS
LOAD TYPE
Al A2 A3 N1 N2 N3
Pl HEAVY INDUSTRIAL 0.3 0.7 2.0
P2 LIGHT INDUSTRIAL 0.5 0.5 2.0
P3 COMMERCIAL 0.7 0.3 2.0
P4 DOMESTIC 0.9 0.1 2.0
NOTES: (i) Curves Pl to P4 are in order of increasing MW response to voltage change.

(i1 To give a greater study margin select a characteristic higher in the table.

(iii) If load type is uncerzain use curve Pl as a minimum response for low-voltage

studies.

FIGURE PVi:

ESTIMATION OF PCWER/VOLTAGE CHARACTERISTICS

P3
P2

Pl



AEAVY.-INDUSTRIAL (703 MOTORS)  ™* ! LIGHT-INOUSTRIAL (S MOTORS)  WPU T -
F1 !
Vpu 6\ Ypu '
" ; 8 9 1 7 8 3 TL_
8 10 3
. g L & i 6
L & L .8
.2 b .2
0o, 12
COMMERCIAL (30% MOTORS) Qou [ 4 DOMESTIC (10% MOTORS) Qou | 7
b1,
Vpu
.7 .8 8 1.1
.8
.6
7 =4
9
.2 L2
fie
LOAD LOAD ; OPFL® PARAMETERS
s o a3 81 82 83 Mmoo | w2 M3
Q1 | HEAVY [NDUSTRIAL .87 .48 .34 .2 2 7 -2
32 | HEAVY [NOUSTRIAL .95 .07 .57 .36 2 7 -2
Q3 | LIGHT INDUSTRIAL .87 .51 .34 .15 2 7 <2
Q4 | COMMERCIAL .37 .57 .36 .9 2 7 -2
05-| LIGHT INDUSTRIAL .95 .18 .57 .25 2 7 2
Q6 | HEAVY INOUSTRIAL .39 -1.16 1.23 .33 2 7 -2
07 | somesTIC .37 .53 .28 .02 2 7 -2
03 | commERCIAL .95 .28 .37 .15 2 7 2
Q5 | comssTiC .55 .28 .57 .G5 2 7 -2
Q10! LIGHT [NDUSTRIAL .59 -.53 1.33 -50 2 r -2
| 911 commercraL I 3 -89 | 1.:3 .36 2 7 -2
: qrz} JoMESTIC g9 -85 ' 1.33 -12 2 r -z |

NOTES: (1) “Curves QL to Q12 are in orger of increasing Mvar response to voltage change.
(i1} 7o give a greater margin in lowevoltage studies, select 2 cnaracteristic higner in the cadie.
(117) If loac-type or pf is uncertain use curve Ql as a minimum response for lowevoltage studies.

{(iv} “Loag PF" is exclusive of system snunt cagacitive elements.

FIGURE QV1: SSTIMATION OF REACTIVE SOWER/VOLTAGE CHARACTERISTICS
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