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ABSTRACT

This memo summarizes a brief state-of-the-art
survey concerning ozone formation due to coronas on
high-voltage transmission lines. |t includes reference

- to older studies with lines carrying up to 500 kv and

to experiments now in progress with lines carrying

765 to 1500 kv. The contribution of weathered lines,
at least up to 345 kv, to the atmospheric ozone inven-
tory is probably within the 2 ppb (by volume) sensitivity
of analytical instruments.
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OZONE FORMED BY HIGH-VOLTAGE TRANSMISSION LINE C(RONAS

V. Davis, Jr.

1. IMTRODUCTION

The Environmental Protection Agency, on pege 18 of its comments
concerning the Draft Environmental Statement relating tc¢ Indian Point
Unit 2, suggested that we discuss the production of ozone by the high-
voltage transmission lines and that we estimate the concentrations
of ozone along these lines under various atmospheric conditions., The
request also suggested that we relate these concentrations to potential
effects on man and wildlife.

Ozone was not mentioned in connection with Other Wastes, section
III.E.4 of the Indian Point Impact Statement. Since we can expect to
be questioned about ozcune by EPA, or other agency or person, in connec-
tion with future impact statements, I am summarizing what I learned from
contacts I developed via numerous telephone calls and from a rei‘erencel
brought to my attention by W. G. Stockdale.

2. TITLE 42 - PUBLIC HEALTH

On A»ril 30, 1971, Chapter IV - Environmental Protection Agency,
Part 410 - National Primary and Secondery Ambient Air Quality Standard,
was published in the Federal Register. In addition to sulfur oxides,
nitrogen oxides, and particulate matter, which we have discussed under
Other Wastes of the Impact Statement, there are included csrbon monoxide,
photochemical oxidants, and hydrocarbons. Ozone ir discussed as part of
photochemical oxidants under 42 CFR 410.9 and in Appendix D of 42 CFR L4l0.
Paresgraph 410.9 states:

"The national primary and secondsry ambient air guality
standard for photochemical oxidants, measured snd corrected for
interferences due to nitrogen oxides and sulfur dioxide by the
reference method described in Appendix D to this part, or by an
equivalent method, is: 160 micrograms per cubic meter (0.08 ppm) -
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maximum l-hour concentration not %o be exceeded more than
once per year."

¢

3. STATE OF THE ART

{2
L.

{zone and other gaseous pollutants, such as nitrogen oxides, are
formed 23 a result of ionization of air molecules that surround the
cylindrical conductors used for transmitting electrical energy at high
volisges. The ionization is accompanied by a glow phenomenon that is
called corona. This topic is discusced in considerable detail by
Zaborszhky and Rittenhouse in Chapter 4 of ref. 1. The degree of ion-
ization, hence of ozone formation, is dependent upon several variables
including veltage, humidity, conductor diameter, surface roughuess, and
spacing between the conductors.

Transmission lines at Indian Point Unit Z are at 345, 138, and
13 kv potential; all of these are below the 500 kv involved in the Tidd
project.l However, several factors, particularly the sensitivity of
instruments to ozone concentration, to be mentioned later, and changing
conductor roughness (the weathering effect) introduce complications in
any atiempt to provide a detailed description of the rate of ozone
formation and decay around high-voltage and extra-high-veliage (EHV)
transmission lines. Zaborszhky and Rittenhouse kcre discussed the
effects of conductor surface roughnez.; in parti. __.r, they present
data that show a gradual reduction in corona over i half-year's hLime
before loss stability is achieved.

According to the data in ref. 1, the ozone concentration increase
due to corona around weathered 13 and 138 kv lines at Indian Point
Unit 2, or other reactors, must be negligible in compariszon with the
limits of detection of 1972 analytical instruments, namely about 2 prb
(by volume). The same statement probably aoplies to the 345 kv lines
since the electric utilities and EPA are now trying to assess the nature
of the ozone problem around conductors carrying 765 and 1500 kv, As
will be noted below, ozone concentration increase due to 765 kv lines

over the ambient value is probably withi- the instrument uncertainties



\n

of 0.002 ppm, which should be compared with the once-per-year maximum
of 0.08 ppm given in 42 CFR 410.

To obtain a 1972 state-of-the-art summary concerning ozone formation,
primarily in the EHV range of 765 to 1500 kv, I made numerous telephcne
calls, which are summarized as follows.

General Electric Co. - James Stevenson and Jochn Anderson of G.E.,,

Schenectady, advised me that they are performing experiments concerning
ozone formation around 1500-kv lines as part of an Ultra High Voltage
(UHV) Project. This work has been revorted to all members of Edison
Electric Institute (EEI) and to some of the public utilities, More
experiments are being performed and these will be reported in the open
literature in the near future (perheps during the next year). Stevenson
and Anderson summarized the work as indicating that any contribution of
1500 kv~-transmission lines to the ambient ozone concentration is within
the uncertainties of the analytical eguipment.

Westinghouse Electric Corp. - Westinghouse personnel performed
experiments a? their High Voltage Laboratory at Trafford concerning
ozone formstion for American Electric Power Service Corp. (AEP). The

results ol these experiments are summarized in a paper recently pre-
2 of AEP. Frank Roach has stated that
additional studies are being performed by Westinghouse people.

sented by Sherer, Ware, and Shih

Edison Electric Institute. - I contacted C. K. Poarch, Director of
Engineering at EEI., He referred me +o Howard C., Barnes of AEP,.

American Electric Power. - AEP personnel presented (on July 10,
1972) two papersz’3 at the IEEE Power Engineering Society Meeting in
San Francisco summarizing results of very recent tests to measure ozone
formation around 765 kv transmission lines. The results of this study
indicate that the increase in ozone concentration above ambient values
is within the approximately 0,002 ppm sensitivity of the measuring
equinment. (Compare with the maximum allowed by 42 CFR 410 of 0.08 ppn.)
These two papers are hased on work performed for AEP by Westinghouse,
Battelle Memorial Institute, Ion Physics Corp., Smith-Singer Meteorolo-
gists, Inc., and personnel of The City College of the City University
of New York, as well as by AEP personnél,




Environmental Protection Agency. National Environmental Research

Center. - Elbert Tabor, of EPA-NERC at the Research Triangle Park, is

actively following the question of ozone formation around high-tension
lines and is concernedxwith two su.bcontraf:tsu’5 concerning this topic.

One is with Versar, Ihc., of Springfield, Va., that involves theoretical
and laboratory studiés.u The other is with the Research Triangle Institute
(RTI) that involves field m.easurements.5 These field measurements will

be made in the mountains of West Virginia and Maryland where previous
measurements — where there are no high-voltage lines -~ have shown ozone

at levels up to 0.16 ppm, namely constantly at up to twice the national
once-per-year maximum defined by 42 CFR 410.

4. PRESENT STATUS OF THE OZONE QUESTION

The status of the ozone question is not completely settled at the
present time. Ir., Peyton Young6 has certainly been active in advocating
studies of ozone formation around 765-kv lines and has expressed his view
to appropriate people that such high voltages may lead to the formaition of
significant amounts of oxidants. In any event, he is urging that the degree
of air pollution caused by EHV lines be determined before the electric
utilities commit themselves to using this new technology. To support his
case he presented calculations based on an energy requirement of 9 kWhr
per pound of ozone formed and a half-life for ozone decomposition of
three days. His calculations are primarily concerned with periods of
temperature inversions or still weather conditions, in which cases he
considers thet the ozone would collect under the lines. He states, "In
one hour of still weather the concentration of ozone would build up to
0.4 parts per million — a concentration four to ten times greater than

the amount known to cause damege to plants and animals."

Studies performed by and for AEPE’3 lead to numbers quite different
from those used by Young. ©Sherer, Ware, and Shih2 conclude that power
lines carrying 765 kv will not create a significant problem in terms of
ozone formation. This conclusion is based on measured energy require-
ments in the order of 100 to LOGC kWhr per pound of ozone and a half-life

for ozone decomposition of less than 1 hr, (Compare with Young's values. )



However, AEP, GE, and EPA-NERC are performing or sponsoring more work
concerning ozone formation. A major Jjustification for the EPA work is
very high ambient ozone concentrations in certain locations where there
are no high-tension lines. One such area is at Mt. Storm,; as indicated
in an EPA Procurement PlanL’L under title "Investigation of Source of High
Ozone Concentration — Mt. Storm, West Virginia.'" The Procurement Plan
entitled "Determination of Coronal Ozone Production by High-Voltage
Electrical Transmission Lines" contains the statement, "Concentrations
higher than 5 ppm have been observed for extended periods — both day
and night." This refers to areas devoid of activities commonly asso-
ciated with ozone formation. Note that 5 ppm exceeds the once-per-year
maximum or 0.08 ppm listed in L2 CFR 410 by a factor of 60. This 5 ppm
should also be compared with a value of 0.02 ppm at which damage to

vegetation has been observed.7

At the present time it seems inappropriate to attempt to answer
the question of ozone formation around high-tension lines in detail.
It is my opinion that we should briefly mention in section ITI.E.4 the
state of knowledge concerning this question, that research is now being
performed under contracts from the electrical power industries and EPA
to answer this question in more detail, and that presently available
information indicates the increase in ozone concentration due to coronas
to be within the uncertainties of the measuring instruments. The re-
sponse may have to be modified as data become available during the next
couple of years.
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