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ABSTRACT

| ‘ ,TQQ ?fiﬁrjty One activities have received major attention during this
repo}ting period. “Application credits" for HVYDC systems imbedded fn ac
links are expected to evolve out of a system study whefeinAdc is introduced
into a system where fhe breakeven criterion is not satisfiéa. ;A]ternative
Benefits of the dc 1ink will be quantifiéd in an atfempt tb'develop an
exbanded economic basis for HVDC.systems. . -

HVDC circuit breaker development is being examined, as there appears -
to be a relationship between the acceptance of multiterminal dc systems
and the avai]ébi]ity of a dc breaker. At the present time fhere is a large
technical gap between lTaboratory statug and field availability. Further -
investigatiqn of dC.interruption techniques 1is reéommended, togéther with
the estabTishmeﬁtuof bperéting crftéria andldesign sbécffiéations. | |

A variety of other HVDC activities waé undertakéﬁ,‘iQCTUdihg pfoposal
" review, contract progress .report assessmeﬁt; inverter commutation with

series capacitor assistance, and conference planning.
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QUARTERLY REPORT

Th1s is ‘the f]rst quarterly report under Contract No ET-78—$—02-
5014.A000, "An Assessment of Research Directions for H]gh Vo]tage Direct
Current Power Systems." The 1tems reported herein are listed chronolog1-
cally to evidence the évo]ut1onary nature of this 1nvest1gat1on. Th1s is
appropriqte in view of the_objeétive of the study, as quoted from the
~statement of wbkk iﬁ the original proposal: | 7 |

"The objective is to jdentify hardware dévelopmehts and; Where.appro-
priate, system applications which éan exemplify cost and operafional.

. advantages of integrated ac/dc power systemé.“ |

Initial discussions were held at the DOE E]ectrlc Energy Systems
Division offices-in Wash1ngton regard1ng directions to be pursued 1n thls
study. Reference is made to the final report for Contract ET-78-X-01-2836,
"HVDC Power Transmission Technology Assessment Study}" A number of
reseafch directions were listed by priority in that report, and diséussion
centered around ways to initiate activity on the two Prfority'Ohe jtems.
Immediate attention is to be given these items as follows: |

1.. An investigation of "application credits"” thainable from an inter-
connected a;—dc sy;tem. GEC Switchgear through Alex-Gavri]ovic has expressed
Ainterést in a study of inverter infeeds into é weak ac syStem (Tow shorf
circuit ratio). It appears that a Study_invo]ving an actual ac system
having repeated operating difficulties could provide the basis for defining
these application cred{fs. o

Talks with-several utilities are to be'schedu}ed.. Florida Power and
: Light'Company is reported to be investigating an underground 1ine through
swamplands; overhead transmission is difficult because of tower footing |
problems. HVDC might have an application here, perhaps in Coordinatioh

with the ac ties along the east coast that are vulnerable to disturbances



T becépse‘of qugraphy. Another candidate for HYDC is Utah Power and Light

because of the inadyertent flows oh'the~"western,donut”.. These and other-
system appTications for HVDC will be explored to see if "appiiéation
credits" can be quantified. | .

2. HVDC circuit breaker development. This investigator pérficipated
in a quarterly review meeting of the General Electric Company's dé Bréaker
project. A number of questions were raised about the efficiéncy.of the
techniques, especially as re]atinj to the size of the capacitor bank.
Another area of uncertainty is the simultaneous interruption of a string
of eight vacuUm’intérrupteks-—can the recovery vo]fage be madé'to share
equally among the interrupteérs? |

The draft final report on this circuit breaker projecf.wés reviewed -
in depth. A nuhber'of items (26 in all) in the report ﬁeritéd specific
comment; this information Was transmitted to DOET Among the more important .

items were simulation study results relating to_enérgy absorption and over-

-voltage, two critical design parameters fdéiany dclcircuit breaker. Interim

reports from the EPRI DC Circuit Breaker Specification Studies atllREQ #re
beiné reviewed by the investigator. It is'hoped that when the final report
is available, some quantificatioﬁ of design paraheters can be achieved.

At the present time there is a large technical gap between laboratory

status and field availability of all dc circuit breaker concepts. Further

- exploration of all dc interruption techniques wi]] be recommended, together

with the eétab1ishment of operating criteria and design specifications.
This investigator attended the Transmission Static VAR Systems Seminar

jointly sponsoredAby EPRI and Minnesota Power and Light Company October 24-

25, 1978; This seminar was enlightening, in that Static Var Controllers

can perform many of the system dynamic stabilizing feats that HVDC systems



can.. Cosf éstjmatesAindicate that Static Var Systems.can be instal]edﬁfbr
$30/kVAR, which is below the cost of dc terminal equipment. Capacitor
banks, however, can be installed for about $6/kVAR, so a substantia1'cost '
‘differentia1 exists. | |

A preliminary interim report from Commonwealth Associates on Assessmentb
of Power Delivery Alterﬁatives was .reviewed, Issue was takén with'iﬁe cost
figures for HYDC terminal equipment, as the historical trend fof this'equib-
ment appears to be contradicted. No verification of these data éppears in
the interim report. |

Two unsolicited proposa]s were reviewed; recommendations were made that
neither be pursued at this time. |

A graduate student has begun modeling studies on an inverter feeding
an ac éystem thrﬁugh serjes capacitors. It is well known that system
disturbances cause -commutation  problems when én‘invertef feeds an ac
system with a low short circuit ratio (e.g., weak system or high system
impedaﬁce). Additionally, instability in&%he jnverter firing control loop
can occur. - It has been previously. proposed tﬁat the addition of series
capacitors on the ac side of the inverter can improvg commutation by
developing a counter voltage. Steady state operation presents no difficulty
other than concern for the magnitude of the capacitor.voTtages; Transieﬁt'
conditions, specifically changing currents, are a different situation.
Unbalanced voltages are inherent in start-up, and firing procedures need'.
to be developed with care. It is anticipated that én operational model
will be functioning within the next quarter.

A presentation on DOE Research Plans in HVDC was made to a visiting
delegation from the USSR Ministry of Power and Electrotechnology. Back-
ground was provided regarding'DOE's interest in HVDC, especially relating

to its inherent controllability features. If some form of national grid
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< were to be {mp1émented it is clear fhat HYDC wbu]d'play a key.rQ]e'in
' }regiona] interconnections. As there is little doliar volume in HYDC

business at the moment, manufacturers are not able. to pursue research
activities with sufficient'Vigor; | |

"Specific reference was made to the final report for Contract ET-78-
X-01-2836, "HVDC Power Transmission Technology Assessment Study,” p}épdred
by this investigator in October, 1978. Copies of this report were proVided.
to the delegation, Ongoihg'activitfes were identified: |

1. Continue to talk with key persons/organizations negarding'reséarch
. directions in HVDC; e.g., John Bowles at IREQ on.dc circﬁit bréaker
specifications. |

2. Implement an integrated ac/dc system study to identify "application
credits."

-3. Organize a conference meeting the needs of system planners to
understand HVDC appiications. |

4. Continue to provide assistance to DOE in moniforing angoing con-
tracts involving HVDC power transmission.

A question.was raised by the visiting delegation regarding the status
of the national grid study, and whether technical aspects of-a natjonal
grid would prove to be difficult to solve. The opinion was expressed that
technical problems were not likely to be troublesome, -

A technical review was made of four proposais submitted under RFP ET-
78-R-01-3108, "Technical and Econbmica] Feasibility Study on An HVDC
" Compressed Gas Insulated Transmission Line." Thfs study is directed |
towards a total assessmenf of the technical and economic feasibility of
utilizing a CGIT 1ine for an underground HVDC powér de]ivery system,

Specific comments were made relating to the fo]ToWing areas:



- if 'Prbposers' apparent knowledge of the structure and opération bf
HVDC syétems. | |

| 2.A Proposers' understanding of simulation technidues éppropriatevto
‘HVDC systems. ‘ |

3. Proposers' ability to combine 1 and 2 in ofder to ascertain test
parameters suitable for CGIT systems for HVDC. | |

4. Proposers' apparent ability to extend théir preseﬁt khowlédge'of‘
ac CGIT cable systems into dc. ‘ | | | | |

5. Capabilities of subcontractors included in.fhe proposal, if‘any.

The four proposals were ranked according to apparent technical com-
petence; this information was transmitted by letter to Tom Garrity of DOE;

A visit was made to Virginia Po]ytechnic University to discuss HVDC
applications in the American Electric Power Service Corparation System with
Dr. Arun G. Phadke. He js Staff Consulting Engineer with AEP, currently. |
on leave as Visiting Professor at VPI. ‘ | |

Increasing shoft—circuit duties iﬁ tie AEP system appear to be severe
enough that means to. limit these fault currents require investigation.

AEP has had an ongoing research activity with Hughes Research Labdratories
developing and testing a current 1imiting device (CLD). In a recently
completed stagéd fault test, a prospective 3600 A fau]t was 1ihited to

1056 A on a 138 kV transmission line. Impedance insértion occurred in

abouf 2 ms.. It is not known at this time if the current interrupting
capability of this CLD is ;ufficient.for it to be utilized}at higher current
levels. 4 |

If a study were to be proposed to AEP, it should comprise fhe following::

1. Examine the utilization of dc 1inks as an alternative to CLD's in

- 1imiting fault currents. |

2. Examine stability enhancement via the dynamic control capabilities
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" . of dc links;_.
" 3. Examine other benefits of utilizing dc links in the AEP system

(application credits). | |

Dr. Phadke will pursue this with appropr{ate persons at AEP.

Planning was initiated for a conference, schgddled for spring, 1980,
that would bring utility system planners together with utility'"use}é", |
equipment suppliers, and other persons knowledgeable about HVDC power
systems. Six topics would be explored: | |

1. What constitutes an HVDC system

2. Present-day operating experience

3. Ongoing research activities

4. Environmenfa] and electrical field effects

5. System studies

6. Future directions and applications.

The purpose of this conference is to facilitate an understanding of
the present and future capabilities and eé%nOmicg of HVDC power transmissidn‘
by-system'planners and other interested persons. - A request for paﬁers Qi11
be issued within the next several months,

A11 requirements of this contfact have been complied with to'date. Dr,
Long has been devoting 40% of his time to this contract, and has engééed the
servjces of a graduate student as well. Travel expenditures are in line with
projections in the cbntract, excepting that more trips were hade to Washington

to visit DOE than were initially envisioned.



