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POWER MODULATION OF SIDNEY HVDC SCHEME
PART 2: COMPUTER SIMULATION
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ABSTRACT

The btack-to-back Sidney Ceonverter Statlion
{3C8} provides an asynchronous 200 MW tie bet—
ween the east and west ac power systems of the
United States. The addition of the 3C5 to the
network  required a  Remedial  Action  Scheme
(RAZ) integrated in the HVde control in order
to meet ac systems reliability criteria. One
of the basic components of the RAS is the fre-
quency dependent power modulsticn  combined
with an effective woltage control in the
western network. Computer simulations waerse
performed to cheok design and to provide ini-
tial settings for the RAS. As ane part of the
commissicning of the 3C3, field tests of the
REAS were conducted. The digital caleculations
correspend  very good to the fisld test re-
sults.

INTROMICTTON

The Zidney Converter Station {503) iz a 200 MU
pack-to-back High Voltage Direct Current
{(HVde) Station located in  Sidney, Nebraska

East systern 230 kv
min. shert circuit capacity: 700 MVA

gy = 50 kY .
| gy = 4140 A switched reactances. capacilars,

filters and TOV limiters

Rated Power: Pd = 200 MW

Waest systern 230 kv
min, short circuit capacity:
450 MW A

Fig. 1: 3Sidnev Converter Station

simplified single line diagram
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Wwhich provides an asynchronous tie between the
eazl  and wWest ac power systems of the United
States. Figure 1 is a simplified single line
diggram of the 305. L remedizl action scheme
(RAS} integrated in tha HVde control was found
to be necessary Iin order to mest Western
System Cocordinating Council (WSCC) and Mid-
continent Area Power Tool (MAPP) reliabiliuy
eriteria.The Western Area Power Administration
{Western), owner of the 503, iz a WSCC and
MAFPF member. Basically stated, the addition of
the SC5  should not degrade  the ac system
reliability. Once a conceptual design criteria
for the RAS was agreed upon by a Joint study
group, it reremained for an actuzl design to
he developed and tested. Computer simulation
was essential in order toc ensure proper design
of the RAS.

PROBLEM DESCRIPTION AND SOLUTION

Fowerflow and stability studies in planning
stage were run for both the sast and west ac
aystem Which identified the need for the RAS.
These studies used a generic de model with 5CS
data. On the east ac system, it was shown Lhat
various outage disturbances caused ac system
electro-mechanios]l instability with 3C5 power
transfer west Lo ezst and Western Nebraskz
transfers to the east at a maximum. On the
west ac system, two N-1 {prior system intact)
autages were found to cause steady state prob-
lemz. Figure 2 illustrates the ac system con-
Figuration in the vicinity of the 3C5.

EAST SYSTEM

CHEYENNE

LEGEND:
— 115 KV
— 230 KV

AT1 STORY
= || BEAVER CREEK
— 345 KV

Fig. 2: Sidney fArea Transmizsion
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B Remedial Action Scheme was required which Sldney - Keystone 345 kV lipne as a live
could handle a variety of disturbances on the zyatem test of the installed RAS. The results
fast ac system as well as the two west system of the field test and the NETOMAC simulation
outages. The basie functionz of the BAS are- for this case will be compared in this paper.
Cages C, D and E check the west portion of the
1. East System disturbances, west to east 3505 RAS design.
power transfer only The reader may wish to refer to the companion
al) Frequency dependent power modulation paper "Power Modulation of Sidney HVde Scheme,
(proportional and bang/bang modes, for Fart 1: HAS Control Concept, Realization and
stability) Field Test" |3]| for more detailed background
b! Ramps (for steady atate problems and information on the RAS,
back up modes)
THE NETOMAC DIGITAL PROGCHAM SYSTEM

P

West System outages

a) Ramp down for loss of Laramie River The =study of transient behaviour and inter—
Station (LRS) - Story 345 kV line, 5C5 action between complex ac networks and HVde
tranaferring power east to west systems requires extensive computer simula-

b) Ramp down for losa of Sidney - Stegall Lions. For this purpose the NETOMAC digital
230 ¥V lipe, B5C5 transferring power program system is used. The NETOMAC program
either direction. system has three calculation mocdes, which are

applied depending on the specific task:
Actual design of the RAS began at this point.

Studies have been performed on Transient Net- - instantanecus values mode

work Analyser (TNA) |1| and with NETOMAC digi- e.g€. used for calculationm of fast transient
tal vprogram system |2|. In the TNA study the phenomena and HVde simulation with commuta-—
performance of the complete 5C3 control {(hard- tion model for converters,

ware and software) has been demonstrated with - rms values mode

a reduced ac power syslem representation. The e.g. used for stability studies in ac power
digital study, which included an extensive systems,

ac power system, was done in order to check - frequency domain mode

the design and to provide initial settings for e.g. used for studying torsional gseilla-
the RAS parameters such as modulation gain tions of turbogenerator shaft systems.
(MW/Hz), ramp rates, and upper and lower power

levels for modulation. For the representation of network elements

various detailed or simplified models are
Table 1 1ists the rcases run in the NETOMAC available. These network elements including
study. Cases A and F are the two worst priop generators, HVde stationz and control systems
system-intact east system disturbances. Case B can be freely interconnected forming complex
was run since 1t was planned Lo trip the networks. For simulation of HVde systems in

Table 1

Case list sumary

) - FAOLT = ] SIDNEY FUWER TRANSFER
_LINE{S) TD REMIVE TYFE LOCATION MODULATION | RAMPING W =s-F Eoz=H
| 1
A | Sidney-Keystone, |lphase-ground| Keystone Yes Yes Yes ¥o
GGE-Keystone Stuck Breaker| Open 0G5 End
3H5-kV lines at Keystone gt 4 Cycles
Open Sidney
at 12 Cyoles
B | Sidney-Keystone Hone | - Yem Yes Yes N 1
5LV line
C | Sidney-Stegall | Norme _— No Yes Yes Mo
230-1V line
D S%dney—ﬂt&gal] 3phase Sidney
230-kV line to ground 5 Cycle Fault| No | Yes Yes Tes
E | LRS-Story Kone —_ No Yes lsl Yes
230-kV line
F | Sidney-Kevstone iphase Sidney Yea | TYes Yes Yes
FUE-kY line to ground 4 Cycle Fault |




the time domain tWwe different models are
avallable in the NETOMAC program |4|. Using
rms value mode the HVde syatems are represent-
ed by mathematical egquations, which define
the relationship between de-current, deo-vol-
tage, firing angles and the active and peac-
tive power on the ac sides. In the instanta-
necus value mode the HVde stations are repre-
sented by the commutation model. Inm both cases
control systems for HVde systems can be model-
led by using the block-oriented simulation
language of the NETOMAC control module,

The ecalculations discussed in this paper with
an extensive ‘ac network including SCS and
large numbers of generators have been perfor-
med in the rms value mode.

SYSTEM MODELLING

The stability study is based on the represen-
tation of the east and west ac power systems,
503 with control and the RAS. The modelling of
these components will be described in the fel-
lowing.

O —=—1—F==—] @
u
;
; |3—phasefauh

Legand

1 tested generator
2 infinite network
3 load

a) Single line diagram of the test network

Field voltage
Terminal voltage

N M=
R i S S,

0 04—

I

Field {_:urrenl

b} Results

Test of the generator excitation

Fig. 3:
control system (type 3T3)
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Representation of the ac power system

The east and west ac power systems have been
reduced to an equivalent network model with
150 busses and 240 branches. The gecgraphical

extension covers the states of Wyoming, Colo-
rado, South Dakota and Nebraska. The adjacent
systems are represented as equivalent genera-

tors which are running with fixed frequency.
The egast and wWest ac networks are represen-—
ted by 345, 230 and 11%-kV lines and transfor-
mers, 4400 MW east and  9BO00 MW west side
loads distributed over the networks and 26 ge-
nerators. The generators are simulated accord-
ing to the two-axes theory including excita-
tion systems, power system stabilizers and
speed-governing systems. The models used are
based on Lhe 1EEE Committee Report |5|. Each
generator has been individually tested in or-
der to verify the representation and finally
connected to the whole system.

An example of such test is given in figure 3.
The generator excitation contrel system is
analysed considering a simplified test net-
woark. As shown in figure 3a a single generator
is connected to an infinite system and a sing-
le lpad. The 3-phase fault lasting 160 milli-
seconds initiates oscillations of the genera-
tor due to the low vwveltage at the generator
terminals. The excitation wvoltage is driven
to ceiling voltage, leading to an increased
excitation current, resulting in a higher syn-
chronizing torgue. The excitation system has a

positive influence on the transient stability
during short g¢ircuit conditions and in the
subsequent periocd. The generator oscillations

are well damped (figure 3b).

The 3tegall Converter 3tation iz simulated in
the caleulation &as feeding unit or load and
only the 5C3 is represented as an asynehronous
connection between both ac systems.

HVde contrcl representation

The open and elosed-loop econtrol circuits
ipgluded in the simulation for the digital
study are those necessary to represent the be-
havior of the real contrel for steady state
operation, power modulation and for the reao-

tions of the control on network faults (three
phase, c¢lose and remote faults, line switch-
ing}. A =simplified block diagram of the con-

trol including R4S is shown in figure 4. This
figure shows only those parts, which are Geoti-
vated for one special power direction (west to
gast].

The nermal contrcel mode during steady state
operation is the F/V-mode, with which the pow-
er Lransfer and the terminal voltages are kept
at their reference values. The voltage control
iz abhle to control the sum of the voltage de-
viations of both ac sides via the firing angle
of the inverter. The additional contral cir-
cuit, which acts in a longer time range and
controls both voltage deviations separately
via tap changer and switching of reactive ele-
ments haz not been simulated in the study as
these measures are blocked during the HAS
action. The power transfer is controlled by
the Master Power Control {MFC), which deter-
mines the current reference value for the cur-
rent <control circuita. During RAS action an
additional signal AF¥.,. is added to the pow-
er reference value.
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—
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Pl
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control

RAS vallage
control with |-
prec. signal

Inverler Control

Fig. 4: Prineipal block diagram of the
305 control including RAS

During normal and RAS operation the rectifier
waorks in current contrcl mode. On the inverter
2ide the wvoltage control circuit is active,
while current— and f—cnntrol cirecuits are in
stand-by. During RAS action, howWwever, the vol-
tage control is done by an additional RA3Z wvol-
tage controller, which has as input the wvolta-
ge deviation of the west zc network. The rea-
zon for this iz that the voltage os=ecillaticns
in the weak western network should be limited.
The EAS veltage controller output is added to
a signal from BRAS, which is dependent on the
actual KAS power reference value zh?'RgS and
on the initial steady state copnditions.

In additicon the automatic bypass functicn has
been represented in the control scheme in or-
der to simglate the behaviour of B5C3 during
networlk faults close to the 2C5.

The HVde control, represented for this phase
of the study, consists of about 300 control
block=s. It has been tested including the re=-
duced network representation as used in THA
for performance of the control hardware. The
behaviour of the control during and after net-
work faults on both sides, after line switch-
ing and power reference value steps has been
checlked. & typical example is shoup in figure
5, together with the comparizon to THA results
for a =2imilar case. Starting from a steady
state 200 MW power transfer west to =ast a
3-phase remote fault has been simulated in the
western a¢ npetwerk. It can be seen that the

Calculation by NETOMAC Measurement on THNA

Pdtf_r—— P
Gr]_'\__—_f‘: L T e s
e B et

GIL*'“—‘-\_J-—-—---'___ ch

AV, r"‘"_"“"-——— AV,

dVI]zﬁ.,__--"_"'_'_‘_‘—-—- ﬁll"r|
A T e e — s ke b alinta
1o ms GLLS A,

Fig. 5: HVde simulation compared with meas-
uremenl. on THA
200 MW power transfer west to east,
Iphase remote fault on rectifier side

HETOMAC results are in a good agreement with
the TNA simulation, the differences, mainly in
the veltage reduction during the fault, are
due to a different fault location.

Simulation of the RAS

The FRemedial Action Scheme is a supplement Lo
Lhe ESCS control system and al lows poWwer modu-
lation and ramping of the de tie. The RAS sys-
tem iz activated when the positive speed devi-
ation exceeds an adjusted limit wvalue of the
Laramie east generatoer andfor when the system
fault conditions laid down are met (e.g. brea-
ker tripping).

Lecording to the basic design |3] the RAS has
heen represented in  detail wsing NETOMAC
block-criented simulation language. The simu-
lation of the RAS is performed with about 400
contral blocks and mainly comprises the funo-
ticns given in figure B. This digital repre-
sentation with the possibility to record any
given internal signal permits the design of
the RAS to be analysed and to study the influ-
enee of control settings on the modulation.

The performance of the RAS representation has
been extensively tested. TFigure T gives an
exanple of the basic response of the RAS with
proporticnal modulation using following zett-
ings:

- initial power 200 MW, west to east 5035
transfer

- upper (200 MW) and lower (20 MW) meodulation
power levels

- medulation gain 500 MW/ Hz

- ramp rate 4000 MW/=s.




Dispatch
infarmation

Speed information
gignals from
LRAS east generalor

AC power syslam
conditions

I RAS
Modulation tigger and logic
Ramp modulation start

| Ramp bang/bang end

[

L

Ramp during modulation

Fast ramp

Fast ramp as back -up 1o modulation

Ramp for ioss of 230 &V line Sidnoy - Stegall {west side)
Famp for loss of 345 kY line LAS - Story (wes! side)
Powar limitation

Voltage preacontrol

z contral
=3 ar n;.sff_] L"“’“‘EJEPEE-’/J L_'“'“L:f_fcﬁ/J
S5C5 Control I
Fig. G: Femedial Action Scheme main functions

Tripping the 345 kV Sidney-Kewstone lins l(case
E, table 1) effects a roter frequency devia-
tion of the LRES east generator. This speed
signal is transmitted approximately 200 km wvia
microWwave to the 3C5 and monitored by the RAS.
s soon as the positive speed deviation ex-
ceeds a preset  threshold the trigger signal
for damping measures is set, thereby initial-
ing the fast ramp down of the transfer power
to 20 MW. The modulation iz then only initia-
ted when the speed deviation signal becomes
less then zereo, i.e. when the generator rotor
angle passes a reversal point. The RAS output
&P*FAS is added to the initial wvalue of the

ransfer
ralue F :
* ref

power resulting im a power refercnce
Modulation is terminated when the

speed deviation signal remains within a presst
deadband for an adjustable period of time.

STUDY RESULTS

Settings for RAS

The determinaztion of settings for the RAS pa-
rameters has been based on following require-
ments:

Group 1 settings:

Te limit the LRSS east generator rotor freguen-
ey deviation. An optimum damping of generator
os¢illations is achieved by maximum gain and
maximum ramp rates.

Group 2 settings:

Toe limit the Sidney west 230 kV bus voltage
gxeursions., Minieum woltage devizstions are
aohieved by minimum gain and miniomum ramp
rates.

Group 3 settings:

Te optimise the LRS east generator rotor fre-
quency deviation and Sidney west 230 kV bus
volhage eXcursions.

‘coording bo the case list given in table 1 an
xtensive study with more than 100 HNETOMAC
zaleculations has been carried out. Some pri-
mary settings are presented in Table 2.
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Speed deviation signal [LRS]

1%
U‘—&'&:_,.-—
_1%.
RAS trigger signal
on oM
i
Modulation inftiation signal
off on
, ) Froportional gain modulation signal
P
ik Y 2
i RAS output
1 pus
Power reference
1w_\_/\

Fig. T: BRAS internal signals

Case B (Table 1} with proportional

modulation

Table 2
Frimary setiings of the RAS

ltem Setting
threshold for initiating the 0.1% Hz
modulation
modulation gain with BO0 MWS Hz
proportional modulation
modulatien depth with 100 MW

bang/bang modulation

ramp rates

PHOO0 MWss for proportional
madulation)

upper and lower power 200 MW to 20 MW
levels for modulation

modulation timer for
terminating unzuccessful
modulation

Ln
@

deadband of the speed deviation

and Limer for terminating successful
modulation {e.g. 0.075 Hz and 1.5 =
far proportional modulation).
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Examples of stability caleulations

The effectiveness of the RAS to perform re-
quirements shall be demopnstrated for one of
the worst east system disturbances, i.e. for
a 3-phase fault at Sidney and tripping the
IUS  kV Sidney - Keystone lime after U4 ocycles.
The case F has been calculated for different
operations of the SCS:

(1) east ac power system without 5C3,

Cidd 3C3  running without RAS activated
twithoul power modulation},

Liii) RAS drives the modulation of the 5C5.

Figure # shows the results of calculations

without 5C5. As the do tie i3 not in operaticn
de power and dc current are zerc and the west
ac power system Is naturally not influenced by
the east =ide disturbance. The west side ac
bus wvoltage remains constant. The rotor angle
af LRS east generator shows large swings, how-
ever the east ac system is stable.

Bt W R TR

L

Vi

e A LR T T T —
0 1 2 a 4 tlsec] 5
rotor angle of the LES sast generator

Pd de power transferred by 3CS from west
to east {(rated power: 200 MW)

I'._‘1 de current (rated current: 4.18 ka)
UE ac voltage at Sidney east side bus
UH ac voltage at Zidney west side bus

Fig. B 3phase Fault in the =ast ac aystem
and tripping 345 KV Sidney-Kevstone
line, 2C3 out of operation

Figure 9 gives the results with a 200 MW west

te east power transfer of the SC5. The RAS
control is not activated. During the fawult the
3CE goes into bypass-operation. After fault
elezaring the 3C3 tries to recover to narmal
operation. The power infeed accelerates the
LF3 east generator and thus the eastern ac
ayatem iz becoming unstabie during the first
sWwing. This confirms the need for the RAS.

ad
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A
|I,r|
et
1
1
Ve _U\
1:_‘1,_._.-—
Vi
T N AR T 1
[+ 1 2 a 4 A[sec] &
Fig. 9: 3phase fault in the east ac system
and tripping 345 kV Sidnex-Keystone
line, 200 MW west to east transfer,
RAS not activated (Legend see fig. 8)
Figure 10 shows the same case az in figure O

but with RAS being activated. The operation of
SC5 at fault initiation and during fault is
the zame. This leads az io the simulations be-
fere to an aceeleraticon of the LES east gene-
rator. RA3 reduces the power reference value
te 20 MW, After fault clearing the 508 remains
on this reduced power level until the rotor

ag
a1 o _

J
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b oo TN AN
i W O —

14
s

1 —
I_,I'..,'I
T 1 e T L S TR 1
i) 1 F 3 4 [lsec] &
Fig. 19: 3phase fault in the east ac zystem

and tripping 345 kV Sidney-HKeystone
line, 200 MW west to cast transfer,
RAS activated (Legend see Fig. 8)




swing of the LRES e¢ast generator changes direc-
tion as ean be seen on the cacillogram. Fower
modulation of the SC3, initiated by the RAS
dampens the rotor swings successfully. Inm
addition to the phase position of the modu-
lation signal, the powerftime area of the
firat modulation 1ift is of major importance
for generator power swing damping and is
mainly determined by the setting value "modu-
lation gain". The setting parameters must,
however, be chosen Lo ensure that the further
modulation blocks have a damping effect and do
not cause additional activation. It can be
seen from the trace V. that the ac voltage on
the west side iz keﬂt well in narrow limits
during medulation. The voltage deviations on
the east side are larger, but this is under-
atandable as the priority of the voltage con-
trol is given to the unfaulty west side and
the voltage control on the disturbed sast side
would oppose to the damping of oscillations.

Compariseon of field test and NETOMAC results

A=z one part of the commissicning of the SC5,
actual line trip field tests of the RAS have
made. Details of the 1live testing are pre-
sented in |3|. Therefore it was possible to
make some verificaticons of the digital studies
using MNETOMAC program as a case foreseen for
live +testing has besen caleulated before (case
B, Table 1),
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Figure 11 shows the comparison for the case of
tripping the 345 kV Sidney - EKeysteone line
Wwithout fault. Due te disconnection of the
line the RAS i3 activated by the speed devia-
tion aignal of the LR3 east generator resul-
ting in a reducticn of the SCS transfer power
to 20 MW. Power modulation between 20 and
150 MW dampens the rotor freguency deviation
within two swings. The effective voltage con-
trol during modulation provides minimal vel-
tage deviation in the weatern network. On the
left =side records of the field test and on the
right side HETOMAC calculationa are plotted.
It can be seen that the calceulation corres-
pends very good to the field test.

CONCLUSIONS

Stability =tudies with extensive ac networks
including an HVde system are only possible
uzing a digital pregram like NETOMAC. In the
paper digital simulation of network elements,
their testing and main results of a stability
s2tudy for S5CS are presented. This includes two
extensive ac petworks with generators, their
excitation control and speed-governing svatem
representation, an HVde with it's standard
controls and the additional HAS for modulation
and ramping of the power transferred. The re—
presentation of the components is confirmed by
compariscn with THA results.
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Fig. 11:
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Comparison between field test (left side) and NETOMAC calculaticn (right side)

tripping 345 kV Sidney - Keystone line, 200 MW west to east transfer

tLegend see Fig. T and B)
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The RAS, which was found to De necessary in
order to meet woltage and stability regquire-
ments, 15 presented and it is shown how the
optimum parameter settings have been found,
with the overall representation of 3C5 and the
ar network representation. Comparison with re-
sults of a 1live field test {(line switching)
shows pgood agreement with the results of the
digital simulation study. This econfirms that
the representation is alsce valid for all the
pemaining line outage cases of the digital
study which were not possible to be tested ab
zite., In these cases it was shown by the simu-
lation that HRAS iz able to meet the require-
ments for maintaining area stability and mini-
mizing resultant veltage deviations in the two
ac networks.

REFERENCES

[1] M. Erche, "Network Analyzer for Studies
of Electromagnetle Transients in High-
Voltage Networks", Siemens Energy and
Automation WII (198%), pp. 285 - 230

|2| W. Bayer, K. Kriiger, D. Povh, B. ¥ullcke,
wStudies for HYDC and SVC using the NETO-
MAC Digitel FProgram System", IEEE/CSEE
Joint Conference on High Voltags Trans-
missicn System in China, Beijing, 1987,
pp. 334 -340

|3] W.S. Klemm, H.de Laneuville, R.K. Johnson,
G. Koetschau, §. Wild, "Power Modulsztion
of Sidney HVDC Scheme, Part 1:; RAS Contrel
Concept, HRealization and Field Tests™,
TEEE Winter Meeting 1988/89

|4] K. Kriiger, G. Thumm, "Digital 3imulatiocn
of Transient Phencmena in HVDC Trans-
missions", Siemens Forsch.-und Entwickl.-
Ber. BEd. 15 (1986) Nr. 4, pp. 195 - 198

|5] IEEE Committee Report, "Procedures for the
Exchange of Power Plant and Load Data for
Synchronous Stability Studies”, IEEE
Trans. on PAS, Vol PAS-10C, HNe. 7, 1981

BIOGRAPHIES

¥lauzs H. Schilling was barn
in Dortmund/Cermany, in 1950,
He received Ehe DRipl.=Ing-
degree from Technical Univer-
gity Darmstadt in 1976. 1In
the same year he joined the
High - Voltage Transmissicon
Engineering - System Planoning
Department of Siemens AG in
Erlangen/Germany . He works on
studies for high wvolrage AC
. =yztem planning and in the
* field of transient simolation
and substation grounding.

Gerhard Thumm was born  in
Ludwigsburg/Germany in 1951.
He received the Dipl.-Ing.
degree from Technical Univer-
sity Stuttgart in 1977. From
1977-7T8 he was with the In-
stitute for Process Technies
and EBeiler Technology, and
from 1978-82 with the Insti-
tute for Electrical Energy
Transmisszicn and High Voltage
Technics at the Technical
Upiversity of Stuttgart. In
1982 he joined the High-Vol-
tage Transmission Engineering - System Plann-
ing Department of Siemens AG in  Erlangens/Ger-
many. He worked in the field of interaction of
machines and networks, alsc including freguen-
cy converters and HVDC systems with amphasis
to power oscillations, and in the field of
static Var systems.

®

Eobert K. Johnson was born in
Denver, Oolorado, on May 26,
1948, He received the B.S.

. degree in electrical enginee-—
ring from the Haiversity of
&= Colorade at Boulder in 1971.
g He joined the lUnited 3tates
3 Bureau of Reclamation (USER)
ihv in 1971 im the Fowsr Opera-
” tion and Maintainance Eroup.
3 After assignments at the MALPP
'3' Coordination Center in Min-
i neapolis, in Minnesota, and
at the Billings 0ffice of the
USBER, Mr. Johnson returned to Denver in 1578
and moved to the Weatern Ares Power Admini-
stration, 0.3. Department of Energy.
Mr. Johnzon has since been involved in  system
studies in the Systems Engineering Division.
Since 1980, Mr. Jeohnson's grimary responsibi-
lities have been in the area of AC/DC inter-
acticn. He has been involved in the feasibi-
lity and predesign studies as well as design
review analysis for the Miles City and Sidney
nack-to-back DC staticns. Mr. Johnson has co-
authored a number of technical papers on the
two DC stations. He is a member of the IEEE.

Micholas 5. Klemm was born in
Camden, New Jersey, on May 9,
1956, Mr. Klemm received a
Bachelor of 3cience degree in
physics from the University
af DPelaware in 1978. He be-
came  an employes  of Lhe
Western Ar=sa Power Admini-
stration in 1980, and has
been responsible  for techni-
cal studies and power system
protection  for the Loveland
Aren Dffice, Loveland, Cole-
rado. The Sidney Converter
Station became a major project for Mr. Klemm
in 1983, beginning with studies aimed at defi-
ning a remedial action scheme for the station.
¥r. KElemm's mzin duitlies included performing
initial =stability studies to determine the
feasibility of remedial action and developing
a conceptual remedial action design. He also
worked ¢losely with the manufacturer during
checkeout and testinmg of the remedial action
equipment.




Digoussion

R. 0. GUNDERSON (Nebreska Publico Fowar
Digtriot, Columbus, Nebraska): The authors
are congratuleted on an  interesting and
timely paper. Thie paper dJdemonstrates a
Sltuation where fileld tests of & Remedial
Actlon System (RAS) pghow a good agreement
wilth digital gimulastions.

When determining a threshold for initiating a
RaS, it 1s not the worst omse disturbance
that must ba coneidered. REathar the
disturbance which 1s the lemst severse anod
requires action by +the RAS should determine
the threshold for initiating the RAS. Thig
is to insure that the RAS will be initisted
for all disturbances requiring corrective
aotiocn.

The authorg gtate that the digturbancses in
Table 1 are the mogt severe conditions
requiring remedial action. Would the aunthors
commant on  conglderations glven to  less
severg disturbances requiring remedial action
when determining the threshold for initiating
the modulation?
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HN.5. KLEMM: The authors are grateful to the
discussor for the interest shown and for the
valuakble comments.

Mr. Gundersoen is correct in that least
severs disturbancesa should be considered in
sstting the threshold. This particular
application was complicated by the fact that
the RAS nesded to cover the east AC power
system both east and weasat of the Gerald
Gentleman Station (GGS). In particular, the
RAS ig required to maintain stability of LRS
and ccordinate with the fast wvalve/unit
tripping scheme at GGS. This created the
problem of discriminating between minor
faulte near the 5CS and major faults far
east of GGS. It is Western’s opinion that
the present thresheld of 0.15 Hz is the bLeat
compromiaes, There are many conditions that
can affact the strength of the power ayatem,
such as system configuration and generation
units on line. Actual system experience
will enable Western to refine the threshold
setting to a pessibly more optimum value.

Manuzcript received Macch 28, 1989
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