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OPENING REMARKS

Ry Bruce Wilkins, Assistant Professor, Department of Natural Resources,
Cornell University and Program Leader, Sea Grant Advisory Service

Objectives of Meeting

Power plant siting is the subject of a major research thrust within
New York's Sea Crant Program. We chose this topic for discussion at the first
New York meeting sponsored by Sea Grant because Cooperative Extension agents
and decision-makers have expressed interest in learning about the subject.
The problems invelved in locating power generating stations are numerous and
complex and they cannot all be dealt with today, of course. However, through
the joint efforts of the speakers, Sea Grant and Cooperative Extension, problems
basic toc power plant siting may be better understocd.

Description of Ses Grant

Sea Grant is an organized attempt on the part of state and federal govern-
ment to do for the resources of the oceans and the Great Lakes what the Land
Grant System has done Tor the resources of the land., This effort has come to
New York State only recently, beginning in November 1971.

The Advisory Service component of Sea Grant is the group that organized
this meeting, in cooperation with Oswego County Cooperative Extension Service
and the State University at QOswego. The Advisory Services' role is to take
resesrch findings to potential user audiences, people who can use research
findings to aid them in their daily lives. In its first year, the Sea Grant
Program concentrated on a number of different areas viewed as important to the
coastal regions, both the marine and Great Lakes areas: activities pertaining
to wetlands, recreation industry, commercial fishing and aquaculture. Another
major area of interest and concern to both research and Advisory Service components
of Sea Grant is power plant siting. We'd like to develop a program in which you
and others can gain a better understanding of the complex guestions involved, not
in reference to particular sites, but understanding the general factors in-
fluencing this question today.



THE STATUS OF NEW POWER PLANT PROPOSALS IN NEW YORK

Address by Mr. Ronald Stewart, Senior Research Associate
Atmospheric Sciences Research Center
State University of New York at Albvany

FPower Planits in New York State, Present and Projected Population and
Power Demand

Tf we demanded the same amount of electrical power today as demanded bv
persons when we were born, we likely would not be at this meeting., But when
you and I demand eight times as much electricity as we did some 40 years ago,
then we have an entirely different problem. For while the population has
doubled in the past 35-40 years, the demand for power has increased more than
eightfold. Hence, demand, not necessity, igs the pivotal factor spurring de-

velopment of greater energy generating power.

Information Sources

There are various sources of information on electricity demands, power
plants and related topics. For instance, literature is published by power
companies specifically to inform the public. OSome of the data used in this
gpeech is from such sources.

Reports (three volumes) on thermal pollution are available from the
Congressional Hearings for the Subcommittee on Alr and Water Pellution.
These cover both sides of each issue, and include a bibliography of references
available on heat, radioactivity, and power plant siting. They can be obtained
by writing to one's congressman or senator. There is also the Dennison and
Eider Report from the Canadian Center for Inland Waters, a report on thermal
inputs to the Great Lakes. Another one of interest is Thermal Pollution, State
of the Art, by Parker and Krenkel, from Vanderbilt University in Nashville, $4.00.
It is a good rundown on the problem: how the data is gathered, how you can
analyze problems. Various organizations put out annual reports. Some of the
information presented here is from the Niagara Mohawk Annual Report. Every
power company does this, telling what they are doing and what they have planned.
For a broader view of power plant siting and the energy problem in general, the
September 1971 "Scientific American” has a very nice summary of a whole geries
of problems arising in relation to energy and power, including how these affect
the biosphere, the energy resources of the earth, how energy flows through our
industrial society, and decision-making.

Questions

1) Question
Could I ask one that is non-technical concerning the use of power of

words? My Dblood pressure went up every time you emphasized demand and
I noticed throughout your talk you referred to people demanding power
eight times and mentioned casually need twice, T was wondering if this
is a personal bias of yours--are you trying to brainwash us, or is this
so important that pecple are actually demanding it as a lifestyle?
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Response
1 you chocse to think back 20 years to how you lived in 1950, at

that time you were using about one-half the power for you to live
as you do today, What has caused this tremendous increase in the
total use of electrical energy? Have you really needed that
tremendous increase to survive? To enjoy life? To live at a
reasonable rate? To live better than any other country in the
world?

Question
In 48 years I've used wood, fuel oil, coal and many other things,

T can't remember every demanding electricity. I simply use it
hecause it's more convenient, it's there, it's available and so forth.
So, tying in with the users today, I am questioning whether we are
actually demanding this lifestyle or whether it 1s being forced upon
18 because it's so much more convenient,

Response
Nobody forced you to turn on your first light switch,

"Okay, I just wondered why you hate to use 'need’',”

T feel rather strongly it is our demand and not our need that presents
a power precblem,

Question .
Do homes or industry really create the "demand" you refer to?

Response
I don't have all the figures on that. I do know that 50 percent of,

let's say, Niagara Mohawk's generation is for industrial use and the
other 50 percent for residential, But regardless of where it is going,
we as a people get the benefits, require the benefits and demand the
benefits.

"No, my point is this, when people talk about the doubling of power
demand every 10 years, I'm wohdering whether it 1s reasonable to assume
that this doubling is going to continue at the same level,"

Response
It's impossible to say that it's going to end in Year X. TIf we were

to assume that, we would be short changing the ingenuity of certain
manufacturers that provide electrical gadgets we may buy. They will
definitely continue to produce these gadgets as they have in the past.
The electricity demand curve goes back to 1900, and has been increasing
approximaetely the same way since 1900, T have absolutely no evidence
to indicate that the curve is changing substantially--if I allow 15
percent on either side.
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Mow many people are looking to mass transportation and the guestion
of what do vou usc for mass transportation always arises. Very often
they come up with cither turbine-driven vehicles or electrical-driven
vehicles. This curve could change slightly, but for the moment 1 see
no large change in our way of living that is going to make that curve
hend over and come down to even doubling in every 30 years, so we
would have a greater lead time in our planning. Iif you can show me
any evidence to the contrary, I'd be very interested in seeing it.

Question
Do you have any other data on nuclear or thermal generating sites on

Lake Cntaric? Some total of what exists now and what has been proposed
for Lake Ontario?

Response
The plants I mentioned are plants for which I have written reports,

not newspaper reports, but written reports indicating these either
exist or are planned., The ratings they are given, whether it be

500 or 800 megawatts, always come from a report I consider to be
reliable. There are hearings on power plant siting, but beyond that,
T have vet to see a report listing sites and approximate megawatt
ratings. (See map and table at end).

In the long range, if you go to the Elder report, and look beyond 1980,
you can get any number of planned power generating stations. Exact
siting is still being discussed, simply because all of the sites haven't
been bought. When they are bought you'll have a better idea of where
the power companies are going to build,

Question
For environmentalists, isn't it a little too late to initiate discussion

once the sites have been bought?

Response

For environmentalists, I talk about the Bell Station or the Easton or
Shoreham--three power plants that have been planned and, for the time
being at least, have been delayed or stopped entirely. So in the terms
of planning a nuclear power plant, you're talking of perhaps seven or
eight years before it goes on-line, years in which an environmentalist
can resact,
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With the amount of data available today the environmentalist can apply
il to o proposed site, e can also begin taking his own data there.
likewise, there are many studies going on that may be applicable to
siting, We had been studying the 9-mile point site two or three years
before we had any interest in nuclear power generation. We were
interested in some other things ouf there and had this as background
Aata. One of our greatest problems is that so much data has been
collected which isn't getting out and being used. But there is a
tremendous amount of data for Lake Ontario., The International Field
Year on the Great Lakes should be doing a tremendous amount to draw
that together., The New York State Sea Grant Program should also
bring a substantial amount of information to the public on power
generation as 1t becomes available through the program's research
prejects, And, we are trying now to ally with several other organi-
zations involved in the problems of power generation so we don't
duplicate but provide a good use of efforts,

IT. Power Plants and Thermal Control

Condenser Requirements

Let me begin with some data related to water use by power plants put
out by the Water Resources Council. In 1965 in the North Atlantic region
{Delaware to Maine), 10,000,000 gallons per day of fresh water were used
for condenser steam in power generation plants, An additional 11,000,000
gallons of saline water were used for the same purpose each day in that
region, By the year 2000, fresh water daily use will have increased nearly
threefold to 28,000,000 gallons and a sixfold rise to 68 million gallons is
expected in the use of saline water.

Water-Cooling Methods

There asre several methods of obtaining cool water to condense steam used
by power plant turbines. These are:

1. The "once-through' system, in which water is taken directly from
some natural source, cools the steam by means of indirect contact, and is
returned directly to its original source. This raises the bLemperature of the
water roughly one gallon per kilowatt per minute by 20 degrees Farenheit.

2. Cooling towers allow air to pass through the water traveling to the
top of a tower and back down, evaporating it. It works on the same principle
as if you splashed some cold water on your hand and let it evaporate to cool
you off. A natural draft cooling tower uses the natural flow of air in the
tower, while in a mechanical draft cooling tower, forced air may be substituted
for natural air drafts, Fans, of course, use up some of the electricity

produced by the plant.
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Drawbacks of cooling towers include:

a) They are highly visible, of'ten 300-100 feet in width and height;

L) They are very costly, ranging from 5 to 15 milllon dollars plus
one-quarter to one-half million dollars a year for operation and
maintenance; ’

©) They may change the weather conditions of their localities by
producing clouds or fog which, in turn, produce rain, storms or
icing.

3. Research is also being done on dry-cooling systems, in which cooling
water would always be contained in pipes,working on the same principle as a
car radiator. This system would be more expensive than wet cooling towers.

4, Another alternative, viable only where there is sufficient land
(approximately oune acre per megawatt), is a cooling pond. This is an
artificial lake where water is simply held until it returns to its natural
temperature., To reduce necessary acreage and/or time, pumps may be used to
spray water into the atmosphere. These ponds also may cause local ic¢ing and

fogging.

There is no way known to avoid the production of thermal output. Even in
a Tossil fuel plant, heat is being rejected into the environment. The
efficiency of fossil fuel plants run from 35 to 42 percent; that is, less than
one=half of the heat energy produced is directly translated into electrical
energy. Nuclear plants reach a maximum efficiency of 33 percent, but more
often run at 30 percent efficiency. Thus, for every one megawatt of electricity,
approximately two megawatts of heat must be eliminated. That heat must go
somewhere,

Thermal Discharge into Great Lakes

For instance, the heat flow released in Buffalo was 5.37 BTU (British
Thermal Unit) per hour per unit area in 1968 from fossil fuel and nuclear plants,
steel operations and sewerage, It is expected to increase fourfold, to a figure
of 21.48, by the year 2000. (Information from the Dennison and Elder report).

This means that whereas in 1968 Lake Ontario received .09 BTU per hour per
square foot, it is expected to have risen to .27 by 1980 and to quintuple that
figure by the year 2000. Tn that time, Leke Erie will go up by a factor of
ten; Lake Huron by a factor of 38-40; Lake Michigan, which has not received
much waste thus far, is not expected to go up, due to preventive legislation;
Lake Superior is seen as rising by a factor of 10, but is far below all other

lakes right now,.

Lake Ontario will receive the most heat per unit of the Great Lakes; Erie
is not far behind. Thermal discharge problems can definitely be anticipated
in these lakes.
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You then may face being caught saying, "All right, a power plant is
qolng in, what kind of thermal discharge will it have” and "what do T want
to do about 1t? Could I actually go and ask it to go to closed circuit,
dry-cooling, so that no vapor would be released into the atmosphere?”

That is the most expensive solution you could ask for. It would mean a
considerable amount of power would have to be used tc run the fans, and

the area would become noisy. The technology for that size of unit (about
1,000 megawatt) has not been tested--at this point. However, Consolidated
Edison is doing a series of studies to look into closed-circuit dry-cooling.
For the moment, most people are looking into some form of wet cooling but,
especially in valleys, are trying to stay away from the ccoling tower. So
we are back to asking the guestion which way does an industry go?

In Wisconsin and Michigan power companies are pushing more and more
toward having the cooling pond on their own site and they are using the idea
of the spray pond. A spray pond might only be 1/20th or 1/50th the size of
a natural cooling pond so cooling water could be kept on their own site and
the ieing and fogging problems, hopefully would be localized,

One acre per megawatt may be g cooling pond design figure but this
depends greatly on where the plant is located and on meteorological conditions.
A4 1,000 megawatt nuclear plant can use as few as 50 acrés in a spray pond and
still cool. These other design figures--one acre per megawatt, for example,
are just not necessary. Spray cooling is currently being tested by Detroit
Edison for a remote cooling site. They are going to take their facilities off
a lake, off a river, and they want to go back in the boondocks and say I am
going to put my plant there, I am going to have my own spray pond, I'm going
to cool my own water. This is just how they feel at this point.

Question
Wouldn't they still need water to make up for evaporation loss?

Response

Yes, in fact they hope to find a good enough site where they might
not need a river but could use wells and their own reservoirs to
provide "make-up" water., You can quickly calculate the amount they
would need, it's roughly 1-2 percent of their total flow. The
University of Wisconsin is doing studies in central Wisconsin on
the effeects of spray ponds, in terms of ecological change., Will a
spray pond or will a cooling pond cause ecological changes we
wouldn't care for. There is substantial data available on the
natural heat cycle of lakes and what it does to nearby areas., This
can be applied to the use of cooling ponds.
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RADTOLOGICAL CONSIDERATIONS IN NUCLEAR PCWER PLANT SITING

Address by Mr. Vance L, Sailor, Physicist
Brookhaven Naticnal Laboratory
Upton, New York

Introduction

1 shall discuss some of the radiologicsal considerations that must be
taken into account in the siting of nuclear power plants and facllities
associated with the nuclear power industry. These involve three general areas:
1) routine emission of radiocactive effluents, 2) the management of Jow- and
high-level radioactive wastes, and 3) accident potential.

I shall first describe how things are supposed to work. Later, T will
review how they have actually been working. Then we can draw a few general
conclusions about siting restrictions,

The Sources of Radioactivity

Most of the radiological problems assocliated with nuclear energy are
related to the fission products formed as the nuclear fuel is consumed.
These are the "ashes.” As you probably know, energy is released from the
uranium nucleus by causing it to fission--to bresk apart into two or more
chunks. Most of these leftover pleces are not ordinary stable atoms, but
must undergo a series of radioactive decays before they become stable. Abgut
90 radioactive isotopes have been identified among the fission products@b

Bach of these isotopes has a characteristic half-life, which is the time
required for half of the atoms of that variety to undergo radicactive decay.
T™e half-lives vary from a fractlon of a second to more than a million years.
Some examples are shown in Table 1,
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Table 1. Examples of Radioactive Fisslon Products

Element isotope Symbol Half-Life
Hydrogen (tritium) 3 T3 12.33 years
Selenium 85 Se85 39 seconds
Krypton 85 Kr85 10.6 years
Rubidium 86 Rb86 18.6 days
Strontium 90 Sr90 28 years
Strontium g2 Sr92 2.7 hours
Ruthenium 106 RU.106 1,01 years
Todine 129 I129 17-million years
Todine 131 i3 8.05 days
Cesium 137 Ce137 30 years

Some additional radiocactive isotopes are formed by neutron bombardment
of materials in the reactor core. These are called activation prcoduects. Oge
notable example is nitrogen=16 (N16) which has a 7.13 second half-life. Nl
is important because it is formed from oxygen, which is quite abundant in the
reactor {the water coolant) and emits a very penetrating gamma ray. Other
activation products are formed from the elements in stainless steel,

The main safety problem associated with nuclear facilities is keeping
these radioactive products out of the biosphere az completely as possible,

Routine Radicactive Emissions

As a practical matter it is impossible to contain 100 percent of the
radicactivity. Let us consider the ways in which the difficulties arise. As
the cooling water circulates through the reactor core it picks up some radio-
activity in the form of dissolved salts and entrained gases. These are partly
activation products from the water and core structure and partly fission products
from the fuel., The uranium fuel is sealed in metal tubes but usually a few
fuel pins will develop leaks that allow fission products to escape into the
cooling water, Also, in spite of the fact that new fuel pins are carefully
cleaned, a smell amount of uranium dust remains on the outside {this is often
called "tramp" uranium), Fission products from tramp uranium are free to
dissolve in the water,



~12-

1, Liquid Wastes

During plant operation it is necessary to remove dissolved materials and
gases, to keep the water very clean. A small part of the water inventory is
continuously repurified. Other liquid wastes accumulate at the plant from the
cleaning of tools used in refueling, from the laundering of clothing worn during
maintenance operations, and from cleaning up minor leaks, etc.

The dissolved materials pass through a series of 5 aporators, filters,
resin beds, etc., that traps most of the radiocactivity=. These treatment
facilities are periodically cleaned out and Ghe trapped wastes are packaged
as soiids. Thi_?ackaging mist meet federal and E}ate regulations that apply
to the shipmen 3/and burial of low-level wastes. There are several special
vurial sites in the country which have been selected on the basis of favorable

geological characteristics,

After the liquid wastes pass through the many stages of treatment, the
end product is a lot of very clean water containing a small residual amount of
radioactivity. One isotope that does not get removed appreciably is tritium
(T3) since it behaves chemically like ordinary water. The processed water 1is
held in tanks so the residual radiocactivity can be measured; then if it meets
federal regulationsé/it is released at a controlled rate into the condenser
water discharge. An example of the isotopes and maximum quantities released
are shown in Table 2 Because of the large volume of condenser water the

discharge is diluted by a large factor.

Table 2. Maximum Liquid Radwaste System Release Concentrations
From a 820 MWe Boiling Water Reactor {BWR)
Discharge Limits of
Release Rates Concentration 10CFR20
Isotope Half-Life (pc/day) {Mc/ml) {(Yc/ml)
L - -
Sr89 50,4 day 8.0 x 10 3.0 x 10 8 3 x 10 6
50 28 yr 4.0 x 107 1.5 x 1070 3% 1077
cst37 30 yr © 8.0 x 10% 3.0 x 1070 o x 1077
pa RO 8 5
a 12.8 day 2.4 x 107 9.2 x 107 3 x 1077
3t 8.05 day 8.0 x 10" 3.0 x 1075 3 x 10'7_
i _ 2L
0058 72 day 4,6 x lO5 1.8 x 10 7 1 x 10
Coéo 5.27 yr 4.6 x 10l+ 1.8 x 10'8 5 x 1077

T3 12,36 yr 1.2 x 106 b6 x :Lo'7 3 x 107
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2. Gaseocus Wastes

The gas extracted from the cooling water goes into holdup tanks where it
can be surveyed for radioactivity, then passes through a series of filters for
removal of particulate matter and after a delay is discharged to the atmosphere,
The amount of radioactivity discharged into the air depends on the delay time.

At this point we must distinguish between the two common reactor types,
the pressurized water remctor (PWR), and the boiling water reactor (BWR), since
they have different charscteristics.

In the case of a FWR, the steam that drives the turbine is formed in a
secondary water loop so none of the reactor coolant passes through the turbine.
The volume of gas removed from the reactor coolant is small, thus it is practical
toc store this gas for several weeks before the tanks fill up. Conseguently
there is time for all of tge short-lived isotopes to die away. About the only
radioactive gas lefi is Kr o,

The situation is different with a BW, The steam for the turbine is formed
in the reactor vgssel, so the reactor coolant passes directly through the
turtine, The NL® formed from the neutron reaction on oxygen travels with the
steam and produces a strong radiation field around the pipe that carries the
steam to the turbine, (To reduce exposure to plant employees, this pipe should
have several feet of concrete shielding around it.) Since Nlé decays very
quickly it does not create any additional problems.,

On the exhaust side of the turbine, the steam is condensed to form a
partial vacuum, As a result of this vacuum, there is a tendency for air from
the room to leak into the condensed steam through various seals in the turbine,
pumps, valves, etc. The radioactive gases in the condensed steam mix with air
and consequently the total volume of gas which must be handled is much larger
than in the case of a PWR, Because of the large volume, the gas from a BWR
cannot be retained very long. The older plants have holdup times of only 20
minutes or so, but newer plants are installing various trapping systems that
will allow holdup times of several hours or even several days. The longer
holdup times are desirable to allow the shorter half-lives to decay. Table 3
shows how emissiong decrease with holdup time

To recapitulate, huclear plants discharge small quantities of radioactive
liquid wastes st a controlled rate via the condenser water and radicactlve gases
into the air. Both types of discharge are continuously monitored and both must
be less than the limits set by the Atomic Energy Commissio ?/ The environs are
regularly surveyed for buildup of rediocactivity, I will discuss the radiation
doses to humans later.
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Refueling

Most of the radioactivity produced by the plant remains sealed in the fuel
pins. About once a year it is necessary to refuel part of the core. The plant
is shut down and the burned-out fuel is removed to a storage pool where it re-
mains for several months to allow some of the radicactive isotopes to decay.

Subsequently, the fuel is transported to a fuel reprocessing center. There
is one in New York State, near Buffalo~-Nuclear Fuel Services at West Valley.
This is also one of the low-level wagte burial sites menticned earlier. Fuel
shipments are made in massive casks which weigh from 30 to 120 tons. These
shipping containers must meet the sgecifications against damage in event of
accident set out in the regulations_[

At the fuel reprocessing plant the spent fuel is dissolved and processed
to recover the remaining uranium and the plutonium formed in the reactor. The
waste products contain an enormous quantity of radicactivity--those isotopes
which have half-lives longer than a few weeks, These high level radicactive
wastes are stored in underground double-walled tanks for as long as five years
to allow further decay.

The fuel reprocessing plant discharges some radioactivity inteo the enviggn-
ment. At the present time all of the remaining radicactive gases--mostly Kr
and some tritium as water vapor--are discharged through a stack. Unless iodine
filters are provided, 1129 will also be discharged. Water used in the chemical
processing, laundry, cleaning, etc. dissolves some radiocactive salts., This
water is passed through a series of treatment facilities to remove most of the
radicactivity. As in the case of the power plant, after many stages of treat-
ment, the facility ends up with a lot of water containing small amounts of
radiocactivity which is discharged into the environment,

The liquid and gaseous discharges from the plant are contlnuously monitored
and the environs surveyed for buildup of radiocactivity.

The Management of High-Level Wastes

The system for handling high-level wastes from commercial nuclear power
plants has not yet been implemented but the procedures have been fully engineered
and tested, Because the amounts of high-level wastes that have accumulated to
date are small, the need is not yet pressing., However, it would be desirable
to have the system working routinely within the next five years. The delay has
been caused by the_}nability of officials to agree on a site for its first
Federal Repository7°
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The 1iquid wastes will be converted to solids--in the form of ceramic-like
beads or glass,., These will be packed in steel containers and shipped to the
Federal Repository fTor permanent storage. Articles contaminated by any
Lransuranic isotopes (neptunium, plutonium, americum, etc.) will be placed in
the same federal repository as the high-level wastes. The wastes will remain
radiocactive for the rest of human history and long beyond even that.

About 15 years ago a committee of the National Research Council (Naticnal
Academy of Sciences) was given the task of selecting a suitable location for
permanent storage of the radioactive wastes to be anticipated from the commercial
rse of nuclear energy. In 1957, the committee ldentified the bedded salt de-
posits, which underlie_large areas of the United States, as the most likely
candidates for the job8 . These had several desirable properties: 1) they were
common formations giving a wide choice of sites; 2) they were geologically very
old and tectonically stable; 3) salt (sodium chloride} has good heat conduction
propertiesg, undergoes plastic flow to seal holes, and does not exhiblt any
disqualifying radiation damage effects; 4) the bedded salt is totally isolated
from aquifers; and 5) in some regions of the U.S. the formations are deep under-
ground, making them inaccessible to casual exploration in future centuries,

The feasibility of using such formations was tested in an experimental
program over a ten-year pericd and the results demonstrated that the salt forma-
tions did indeed behave as predicted under radiation of far greater intensity
than the wastes would emit, and that high-level wastes could be safely and
easily handled in salt minesZ/:Q/.

The total volume of wastes to be generated is small, A power plant
producing 1000 MWe will yield only about 80 cubic feet per year. A 1200-acre
salt mine will hold all wastes expected for the next three decades,

Radiation Doses

l. Units of Measurement

Radiation doses to humans can be expressed in terms of a unit called the
"rem" {roentgen equivalent man)lai The practical working unit of this is
1/100C rem--the millirem (mrem)., I will express all values in terms of the
mrem. This unit expresses the energy absorbed in a unit weight of tissue, and
thus is related to the bilological effect of absorbed radiation, Different types
of radiation Ei? be expressed in terms of the mrem and thus reduced to a "common

denominator" 11/,

In crder to specify a radiation dose more completely, the parts of the body
or the particular organs subjected to exposure must be described, e.g. ''whole-body",
skin, gonad, thyroid, bone marrow, lung, etc, Unless otherwise noted I shall list
"whole-body" doses.
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2. Regulation of Radiation Exposure

In the United, States, radiation standards are set by the Federal Radiation
Council {FRC), a cabinet level, Presidential advisory body. Recently the staff
of the FRC was incorporated into the Environmental Protection Agency.

The FRC has recommended that the annual doses from man-made sourcesg other
than medical do not exceed the following values:

Occupational (to workmen in radiation

professions and industries) 5000 mrem/yr
Tndividuals in the general public 500 mrem/yr
General public* 170 mrem/yr

The guildelines specify maximum permissible concentrations in air and
water of individual radioactive isotopes and combinations thereof. The AEC,
in its statutory duty to regulate atomic energy, must use the FRC guidelines
as the basis for its detailed regulations.

Since public exposure to man-made radiation (other than medieal) has been
very small, no attempt has been made to allocate the doses among various activi-
ties which produce exposures. (In the UK., 20% of the recommended limits has
been assigned to disposal of radiocactive wastes from nuclear power plants.) The
AEC regulations state that exposures to the public shall be kept "as low as
practicable” relative to the upper limits, without defining in detail what is
meant by "as low as practicable,” However, the technical specifications for
each license that has been issued has converted this vague terminology into
specific limits for each individual facllity which cannot be exceeded.

The AEC is currently considering a change in regulations that would limit
nuclear power stations of the TWR and BWR variety to a maximum anpual "fence-post”
dose of 5 mrem/year from gaseous releases, and a similar dose from liquid releases
(taking into account pathways to man).

3. Monitering of Radiation

Several agencies monitor radiation releases ineluding the U.S., Public Health
Service (now s part of the EPA), the AEC, and state agencies. In New York State,
the Bureau of Radiological Pollution Control, Department of Environmental Conserva-
tion, holds responsibility for continuing surveillance of all nuclear facilities in
the state.

*
Standards mean that while some individuals in the general public may receive
a dose of 5C0 mrem/yr. the average dosage for the entire population should
not exceed 170 mrem/yr.
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I, Natural Envirommental Radiation

During the past 25 years, the health physicists have been very busy measuring
the radiation levels in our surroundings, and we now have & good understanding of
the natural radiation that has always existed on earth. This natural radiation
comes from radicactive minerals in the soil, water, and alr; and from cosmic rays
from outer space. It is of the same general type and quality as that produced
by man from his medical and nuclear activities., T think it is quite instructive
to review the sources and amcunts of natural radiation}ﬁl

One of the largest sources comes from potassium--z common element in the
earth's crust and in sea water. The "standard man" contains 140 grams of
radioactive potassium, emitting a very penetrating gamma ray and also a less
renetrating beta particle. Thus, we continually irradiate ourselves. The dose
is about 20 millirems each year. When we gather in a crowd we irradiate each
other--the dose rate would about double in a dense crowd., Married couples who
sleep in a double bed irradiate each other about 1 mrem's worth each year. Some
of the typical dose rates are listed in Table 4. As you see there are other
natural radioactive minerals in our bodies. The amounts of these depend on the
sources of the drinking water, For example, in some regions of the Mid-west, in
I1linois, Towa and Wisconsin, the drinking water ig taken from artesian wells
which have very high radium content. The people who live there have as much as
four times the amount shown in Table L,

Table 4, Typical Whole-Body Dose Rates Standard Man from Natural Sources

Source Dose (mrem/year)

Internal

Pobassium-40 in Human Body 20

Other Radionuclides in Human Body

(C-1h4, Rn-222, Ra-222, -228, etc,) 3
External

Gamma rays from soils and rocks 50

Cosmic rays ab sea level 28

Cosmic rays at Denver 67

TOTAL (Depending on Location): 75 to 225
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The dose rate from rocks and soil depends very much on. the local geology.
Wherel live, on Longlsland, the rate is lower than shownin the table since
the local sand has relatively little radioactivity. In parts of NewEngland,
where there is alot of granite, the soil and.rock dose can be several times
larger.  We, of course, alter our environment by building shelters.  These
paztially shield out the radiations from the outdoors, but, often the building
material itself is very rich in radioactivity. Grand Central Station, for
example,is constructed of fairly "hot" rock, andthe doserates inside run
as highas 500mremer year~3 Incidentally, the stonefor GrandCentral
was quarried at Millstone Point, Connecticut, near NewLondon. It gots its
name because it. was one of the main sources of millstones in colonial days--our
predecessorsground their grain. with rock that is actually a low-grade uranium
deposit. This samestone is in. manypublic buildings--the  U.IV., the Statue of
Liberty, and manyof the better-built  court houses in the east.

The dose rate from cosmic rays depends on altitude--as you go up, the
radiation intensity increases. It averages about 28 mremsat sea level and
reached 67 mremsin Denver. The cosmic ray activity fluctuates  from day-to-day.
Of course, if you travel in an airliner you get up pretty high and the cosmic-ray
dose rate gets fairly big. Onaflight to the West Coast and back a passenger
accumulates about 5 mrem.

Thus it can be seen that radiation is apart of our natural environment
and ajways has been. The dose people receive varies over awide range depend.ing
onwherethey live. Theaveragedoserate in the U.S. is aboutl127mrem/yr.
This varies from around 75 mrem/yr for people wholive in woodenhouses on the
beach to as muchas 225 mrem/yr for residents of parts of Colorado.

Man-Made Radiation Doses

The laz'gest single source of man-madeadiation is from medical x-rays.
Accozling to a recent announcemerf the Foodand DrugAdministration tq
estimatedaveragagenetic dosewas36 mremn the year 1970in the U.g.~. The
correspondingwhole-bodydosewould,be about,twice this, i.e. approximately 70

mz em.

Fallout fzomnuclear weapondesting is in the range of 2to 5 mrem/yz.
Other man-made radiation sources include  wristwatch dials, color TV sets, eftc.

Doses from Nuclear Power Plant Effluents

Continuous monitoring plus detailed. site surveys by the various agencies
showthat "fence post" doses the dose that a hypothetical person would z'eceive
if he stood at the plant boundary, unsheltered, 24 hours aday, all year, in
the direction of maximunmaverage wind! from gaseous emissions from Arrterican
commerciahuclear powerplants havegenerally beenin the rangeof 5 mrem/year
or less, andno significant buildup has beendetected in water, silt, or mazine
biotal5,16/,



-20-

't'hc largest off-site  dose- for which | can find records occurred at, the
IhunboldtHayFowerPlant. Unit No. 3! near Eureka, Cali,fornia, wherethe esti-
Jllateddoseswere 'tOmremn 1965and 35 mlemin 1966~17

The dose decreases with distance approximately as shown in Table 5. Thus
if the annual fence post was 5 mrem, the annual dose to people living within
twomiles of the pla~t would be approximately 1/3 mrem.

The data show that the doses from nuclear power plant effluents are
generally muchless than natural backgroundandvery small in comparisonwith
variations in natural background. An official of EPAhas recently s qted the
averageannualexposuredueto nuclearpowers less than 0,01 mr~.

Table 5.  Approximate Dosesfrom GaseousEffluents Averaged Over Population
Living within Circle of Radius R of a Nuclear Power Station.  Model
Assumes$)niform Population Distribution, and 1/4 Mile Site Radius.

Radius Fractional Part
Miles! of "Fence Post" Dose
1/4
1 0.31
0.07
0.02
10 0.01
50 0.001
Doses from Fuel-Re rocessin. Plant

Nuclear Fuel Services NFS!, located at West Valley, NewYork, is the only
commercial fuel reprocessing plant in operation in the U.S. as this report is
being given.  Others will be in operation soon.

SurvepgNeWorlState~e8y@helU.SPublielealt®ervice~9indicate

that off-site oses are below the 500 mrem/yr guidelines, but are probably in
that general range. Radioactivity has beendetected in fish, deer, miik, N
vegeta'bles,soil, etc. in the vicinity of the plant. Newvater treatmentfacili-
ties . beganoperation in Mayl9 which were expectedto reduce the release of
radioactivi I¥|n liguid wastesd. Althougboncentrs.tiodenotappeato
exceedthe AECQguidelines, they apparently fail to meetthe "low as practicable"
criteria, becausenDecembe0, 1971the AEGssued interim regulations fear
NFSwhich are designedto restrict emissionsto 19%of the AECguidelines~:

Zt is indicate  that NFShas been emitting someplutonium and iodine-129
from the stye 1. Plans for modification of stack filters havebeen
mentione~20 .
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Nuclear Accide~ts

There have been no accidents in the commercial nuclear power industry that

have caused death or injury to members of the general public. This safety record
and the technology behind it is reflected in the actions of the private insurance
industry  which shares the indemnity risk with the federal Price-Anderson insurance.

The IE]rivate_ _pools have increased their coverage and have refunded more than half
of the original premiums—~2j-Theprivate insurancenuclear pools representthe
largest single event coverages ever provided by the insurance industry.

Reactor safety has been based. on the following philosophy:

1. select a reactor design. which is inherently stable and tolerant
of abnormal opera,ting conditions;

2. provide instrumentation, control systems, and essential operating
systems which have high reliability, many redundant backup systems
that are mutually independent;

3. assume, nevertheless, that failures w'ill  occur and provide engineered

safeguards  which mitigate the consequences of failure.

The AEC has the responsibility of protecting the public against reactor
accidents. The criteria for _power plant. designs are set forth in the Code of
FederaRegulations~. Ztis recognizethat,the accidenfprobability cannever
be reduced to zero, even though it can be made very small. The engineered  safe-
guards are provided to protect the public from serious consequences in the event

of a low-probability accident.

Among other things, these safeguards consist of containment and emergency
core cooling systems ECCS!. The containment is designed to prevent uncontrolled

release of radioactivity in the event of arupture of the reactor pressure system.

It consists of amassive, air-tight, reinforced concrete "bottle" around the reactor.
The ECCS provide cooZing to the core in the event of amassive instantaneous

break in. one of the primary coolant pipes. The purpose is to prevent the reactor

fuel from melting which would very likely cause containment failure.

At the present time, public hearings are being held by the AECin Nashington,
D.C. to examinethe adequacyof the criteria for ECCS~Z®veral substantial
questions have been raised as to whether or not the ECCSwogg provide the desired
protection in the event of the worst conceivable pipe bre~~4 . The outcome of
these hearings cannot be predicted at this time.
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Sitin Limitations

Siting criteria for nuclear power stations are published in the Code of
Federal Regulations~25These provide the basis for evaluating whether or not
a proposed site and a specific reactor design. will provide adequate protection

for the public. The criteria are such as to effectively require  zones of low
population in the vicinity of areactor. Siting in densely populs.ted areas
becomes prohibitive in terms of engineered safeguards.

Many members of the scientific community are basically opposeP to siting
powereactorsin denselypopulatedreasunderanycircumstancesDaad
probably the mood of the general public agrees with this stand. It seems un-
likely that nuclear power stations  will be permitted in such areas for along
time to come.

The denial of sites in metropolitan areas, e.g. in New York City, creates
aserious problem that has been ejoquently described by L. Roddis, President of
Consolidated Edison of NewYor~27~ It is, of course, economical to generate

the electricity as close to the load as possible. Furthermore, people living
in rural areas remote from the city have no burning enthusiasm for providing
sites in. their neighborhoods to generate electricity for the city. The solution
to this impasse will be difficult.
Conclusion

It appears that, at the present time, restrictions on nuclear power plant
siting  are imposed primarily by criteria for protecting the public in accident
situations, rather than by population exposure from radioactive  emissions during
routine operation. These restrictions will  probably continue to prevent the
construction of nuclear power plants within  the large metropolitan areas where

the power is needed.
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PROBIZMS OF ENERGY AND THE AMERICAN ECONOMY

Address by Joseph C, Swidler, Chairman

New York State Public Service Commission

'The remoni.tion of the aocal se s s eternal in the human. breast.' - a
statement appropriate  to the sense of doomfelt in considering the contra.st
between the declining energy resources on the one hand, and the rapidly expand-
ing use of them on the other.

Antici atin Fuel Shorta es

The American people are accustomed to cheap energy--to such adegree that,
very few people realize it is the foundation of our affluence. It is an affluence
borrowed by mining expendable resources, depletable resources and, by taking for
granted unlimited amounts of readily available fuel and electric power. Most

people see very little connection  between the frustration. of efforts to increase
energy supply and their own comfort and standard of living. They think that
somehow there will always be enough energy--there wil. be enough electric power
to take care of them. They do not visualize that aday could come when our
economy could falter,  when we couj d. have a, severe burden of unemployment, when
we could have a. drastic impact on standard of living, when we might be unable
to meet our responsibilities of providing new economic  opportunities for  people
newly on the job market. They do not see aday when we are handicapped in
attempting to take care of our problems of race and poverty because we are
dealing from an inadequate resource base with  respect to energy.

So far we have managed to paper over this problem, partly by using up fat,
and by importing; but, | think that we are reaching apoint when. we must face
up to planning for adequacy of energy supply or meet the consequences.

Let. me teil you about, the fuels situation, as distinguished from the electric
power situs,tion. Of course electric power depends upon fuels. Between 25 and
30 percent of primary fuel sources are used in. electricity.

We require agreat deal of energy that does not, take the form of electricity.
Two-thirds of our energy needs are now being met directly by petroleum in one
form or another; Dby either oil something like 6g! or gas which alone accounts
for about one-third!. Most people are surprised by this statistic. Natural gas
accounts for about, 1/3 of total energy requirements in the United States. That
includes the energy wused for mobile equipment and automobiles.

As far as gas is concerned, the situation. is already very critical, Our
reserves, which kept increasing every year from 1968 these are proven resources!,
have begun to decline. They have declined every year since 1968--if you exclude
the Prudhoe Bay reserves in Alaska. At the same time, demand has crept up at,
the rate of about a, trillion cubic feet ayear. When Iwas chairman of the
Federal Power Commission the rate was about 10 or Il trillion cubic feet ayear,
it snow more than twice that--in  the order of 24 trillion cubic feet ayear.
Tota3. reserves are down now to about 260 trillion and that isn't like having a
reserve of oil on the shelf you could pour out as fast as you need. it until it s
all gone. As wells are depleted, they lose deliverability. You can't take it
out as fast as you'd want, as pressure declines.
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The actual rate of deliveries is declining. Every major pipeline serving
New York, except Tennessee Gas, has been curtailing deliveries for the past two
years, despite their contracts. Its not only impossible to get additional
supplies, but, without any notice or warning except afew hours perhaps, their
customers are told that there will be acutback of 5, 10, 20 percent for such
and such a period. In the meantime they are trying desperately to buy emergency
supplies in the fields of Texas and. Louisiana. I think  this is astate of

disarray in energy supply most, people az'e not even aware of, and it is very

serious.

Gas distributors and the pipelines are reacting to some degree by
purchasing Liquid Natural Gas LNG! from abroad. Deliveries have begun to
arz ive. This traffic is in an infant stage now and will be increasing. But
this is indeed. an expensive alternative and of course it involves the security
problem of depending upon foreign  sources. They are also building some substitute
natural gas plants in this country, so cahot.ed SNG, mostly from petroleum  sources:
from naptha, some domestic in origin, and agood deal of which is imported. Even
this will not make up all the deficits which  will increase  from year to year
unless something drastic and unexpected should  occur.

With coal the situation is quite different. Its fsiz to say that there
are large coal supplies, perhaps enough for acouple of hundreds of vyears. But
the Eastezn coals are high in sulphur, snd the air pollution regulations now
preclude the use af coal in most locations along the East -coast. There hasn' t
been a coal-burning electric generating plant started in the Northeast in agood

many  years.

Many plants have been converted from coal to oil The last coal burning
unit in New York City, at one time entirely supplied with coal, has been switched
ovez", no more coal is being burned there. This is true of many other places on
the East coast. So, despite the desperation of our need for additional fuel
resources, coal use is on aplateau and, by the estimates of Public Service

Commission economists who are very knowledgeable our Chief Economist was formerly
the Chief Economist in. the Bureau of Mines!, coal use is expected to decline
substantially between now and 1980 and 1985, perhaps picking up thereafter as a
result of developments in. coal gasification.
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Barriers to  Nuclear Plant,s

It is afairly familiar story that it's almost impossible to complete
anuclear plant. It, is vezy hard to get one started. And.even if you do get
one started, there are many>manyhurdles before it can be completed. A series
of operating licenses are required, in addition to numerousregulatory delays
accompaniedby orders requiring installed equipment to be tom downand replaced

with sorrethingelse. This is a process politely knownas "retro-fitting." The
contractoz s have their own pzoblems building the plants, partly as aresult. of
the retro-fitting problem, and they too are delayed. As aresult, it takes

about twice as long to build apower plant in this country as it does anywhere
else in the world. Eight years is now kind of a minimum for building a power

plant in the United States, and,the costs of these delays are very, very great.
So, our ownestimates of the growth in the use of oil are not as optimistic as
those of' the petroleum industry. That is, we think the growth will be faster,

and the national deficits will be lazger.

Perilous Predictions

The petroleum industry, in making its calculations for oil use, has
assumed that coal would be burned. at the rate of about 800 million tons ayear
by 1980, and.that 120 thousand megawatts of nuclear capacity would be completed
by that date. Weare not nearly as optimistic on either of those assumptions.
According to either the petroleum industry's assumptions, or our own, there will
be avery considerable shift to oil, because there is no other place for the
deficit in enezgyuse to go. If you can't use coal, and you don't have gas, and
you can.'t get your nuclear plants on the Aine, then you insinuate a new oil
burning plant into your progrsrr~ Qr if the consumerswho burn fuel directly
can't, get gas, they switch to oil.

Dan ers of Im orting

Our current use of oil is at the rate of about 16 mill. on barrels a day,
of which about five milAion are imported. Over 9Pjoof the oil used in the
power plants on the East coast is imported. That's not avery comfozable fact
for those of us who have some responsibility for power supply as we look at some
of the risks of interruption of oil delivez ies, perhaps as apart of a conflagration
in the Middle East due to bargaining between sheiks or other rulers of the oil
produci~ countries. It's very easyto visualize incidents which could lead to an
interruption in oil deliveries.

As a nation we are now dependent on imports for almost one-third of our oil.
At. one time the question of oil irrrport policies was quite an important one: "Should
we open up the gates to provide competition?" Wedon't have muchchoice about it,
anymore. There was an announcementin the papers today that the President is
raising oil import quotas by another 400,000 barrels a,day. Youwill see further
announcements of that. sort. Our estimates are that by 1980 we wiAA be importing
about as muchoil as we are using today, and our imports then.will be 16 million
barrels aday. Of ths.t, about ! million barrels will be coming from Western
Hemispheresources and about Il million barrels will be comingfrom the politically
volatile areas of North Africa and the Middle East.
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Limited Su lies

Lookat the implications of that kind of dependencen oil imports. Only

a few years agowewerean oil exporting nation, wewezerich in energy. Me
had flush fields in East Texas. Wepasseda lot of laws in the 30's to prevent
overproductioaf il becausi waswastingour resources. Thestateslimited
the productivity of their wells. Nowthereis almosinoexcesgroductiorof
oil--we have no elbowroom--there is no fat anymore. At the time of Suez,w'hen
supplieswereinterruptedto the WesterkVorld,wecouldincreasedomestic
%roductlorbecauswehadsomeparecapacn . That'sgonenow. In another

uezrationingwouldbeinevitable. Soyouhavea very,veryticklish, risky
situation  so far as national security is concerned.

By 1980l also expectwewill be spendingabout20billion dollars a year
for oi |mpozts;aridopr balanceof trade, whlchh%salr?(adyturne_d negative
partlyasa resultof'theincreasegearealreadynakinigy oil imports!,
will bé that muchworse. Howare wegoingto maintainour international trading
position in these circumstances'?

It's obvious to methat 20 billion dollars a year for oil is going to be
a verydamagirthing f'or this countryto suffer. “Andoerhapgvemmoreserious
than that is the question of' the availability of world supplies.

Thepzoducingcountries of the world havebeengraduallyincreasing their
royalties> theiz participation, andtheir shareof the profits, Thegnave_ _
beguro realize a certain degreef affluence,sqgtheir tradingand aigamln_
posSitionshavamprovedNdongeraretheydealingromdesperationKuwait,
the otherday, said it wasnot goingto increasdats oil production that it
didn't want more moneyfaster. It wouldstretch ouQits reserves and.hold pro-
duction.steadyat 3 million barrels a da%/._ | think youwill seemoreof this
throughouthe wozld. Therate of growthin oil uséis faster in therest of
the world than it is in the United States because they are economiesat an
earlier stage of developmentand their rate of gzowth is quicker.

A combination of declining resources in someof these countries, a
stabilization of production in other countries, an expandedlemandn Europe
and throughout the rest of the world., are all going to makeit very hard for
us to find this Il million barrels a dayby 1980. Therewill also be a 1985,
a 1990anda 2000andl just don't havethe courageo project thesefiguzes

that far.

Oneof the most worzisame things beyond.the shifts from gas, coal, and
nuclear energyto oil taking place is the very ominousshif't from gas demando
electricity that's just beginning to appearbecausethe controls on gasuse az'e
f'airly new. Nowveare starting to seepeoplewhowouldotherwiseput in gas
switching to electricit?/ f'or manyof their uses andprocesses. Noneor very
little of this is included in. forecasts of load, For instance, the Public
Service Commissiomeld a meeting with the executives of all the powercompanies
andgascompaniekst weekin NewrorkCity to try to appraisethis factor. One
or two companiesaid they hadtaken somef this 'into account,but mosthadnot.

This is s. new phenomenon.
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It adds an increment to the power loads that will be very hard to meet,
because with an eipht-year planning and construction. cycle, you can' t. start
anything nowthat will be ready by 1980.

Our estimates for electric  power next summer this state now hits an

overall summerpeak which is worst, downstate!, indicate there will be a
negative  margin of reserve unless some plants which we dont expect to be
on the line Dby then are unexpectedly completed early. | don't expect, this s

going to be aca,tastrophic  summer, but |think we will see brownouts in
New York City, and possibly in someof the rest of the State.  Conceivably,
if none of the doubtful units get on the line, and if we have poor experience
in keeping the rest of the c'apacity operating~ you might, see some limited

blackouts. | hope that is some comfort to you. It is very little to me
because | expect to be azound the summer after that. and the summer beyond and
the situation gets worse in succeeding years. As these loads gzaw, and as we
see some of the shifts from gas to electric power, we will begin to suffer
fzom this juxtaposition of loads in light of the fact that, it seems to be

impossible to get new power capacity on the line.

Manypeople ask the question "Is all this power necessary?”, "Isn' t
the thing to do just not build the power plants?". Our studies tend to show
that, by and large, this country uses electricity fairly  ef'ficiently--and that
any drastic reduction in the rate of growth could. only be puz'chased by risking
a breakdown of the economic system we rely on for our economic needs. ELectric

power is about 2~/oof the GNPand fairly stable at that level. | don't see any
way, short of using the weapons of a dictatorship, to achieve the kind of ex-
pansion that our society requires in national product, without growth in energy
use and growth in electric power requirements.

Some people say, "Why don't we just cut out the electric toothbrush, all
these appliances that, are so non-essential?". I must admit to a constitutional

objection to the kind of azegime where somebody says this appliance is all right
but that, one isn' t. You can't have an electric toothbrush> you can't have an
electric blanket, electric shavers are out, but hair curlers are aU right Nore
important is that the so-called frivolous appliances are very small users of
energy. An electric toothbrush  uses 5 ki3owatt hours ayear, athousandth of
average annual use. People who are really serious about conserving energy should
look at the major uses of energy;, space heating, a.iz conditioning, and heating
water.  Somepeople who work themselves up to agreat anger about electric  tooth-
brushes probably do so while taking a half-hour shower where they use up 50 or
100 times as much energy as an electric  toothbrush does. The bulk of energy is
used for the tasks of society and. foz the tasks of the home, for heating and
cooling, taking care of food or temperature control, for cleaning d.ishes or
cleaning your clothes. That's where the energy goes--not, to mention T.V.
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Economy-based Solutions

If we really want to do something about energy use, let's not, be dis-
tracted by the frivolous appliances argument. Let us realize we can only do
it by focusing on the uses which really showup substantially in the totals.
These are the things that affect your standard. of living. Somepeople say
why not use inverted rates--why have rates that go downas you use more energy.
Let's teach people alesson. let us charge themmore per unit;, the more they
use. The trouble with that is, aside fram great difficulties in administration,
it means the abandonment of price as adirector of the use of resources. Price
is our prime guide to the use of resources. I'd like to dissociate this business
of inverting rates from eliminating promotional rates. |favor eliminating
promotional rates, andthe Public Service Commissiohas donea lot to eliminate
them. But the electric power industry is a prime example of the economies of
scale whereby costs go downwith volume. If you use the transformers and wires
which serve you, and the related generating plant for more hours of the day,
your energy costs less. If you have alarger generating machine you produce
power at s.muchlower cost than with asmall machine.

If you don't recognize these cost fundamentalsyou get a,lot of strange
results. For example, if you charge a manufacturer more per kilowatt hour,
the more kilowatt hours he uses, when in fact it costs less and less the more
kilowatt hours he uses, you get to apoint where he says "I' Il put in myown
generating station.." It's less efficient than that of the powercompanyit
produces more pollution, but it enables him to get awayfrom abad pricing
system that has no relationship to the cost realities. Moreover, inverted
pricing can't be done on a,single state basis because manufacturers would say,
why should | pay two or three times what energy costs to produce here when |
can go to the next state where they price it in relationship to cost and can
buy it there at amuchlower rate. A great deal of the industry and employment
upon which our state economydependswould be lost that way.

Ener Conservation

There are ways to hold down growth and.one of them is to look for waste.
There is no excuse for waste as energy becomes scarcer and more expen.sive. A
grea.t;deal of energy waste occurs in our homesfor climate control, for heating
and air conditioning. If all homes, for example, were insulated to the standard
of the electrically heated homes,you could save about 4Q of the energy. Our
studies show that large buildings could be designed, with shielding from the sun
and wind, with heat absorbent glass, with various other features, so they would
need only about half the energy they do now. Youcould avoid fixed. windows
which makeit impossible, evenin pleasant weather, to let the outdoors in.

There are even greater savings available in the transportation field if we
could have smaller, more efficient cars running at an average of 20 miles to a
gallon. Themiles per gallon for automobiles has been declining from year to
year, a fewyea.rsa%on wasover 15milesper galLlon,nowveget aboutl33/4
miles to a gallon. e could save about 3 million barrles of oll ayear by 1980.



We could have moze efficient equipment.  For example, most aiz condi-
tioners aze much less efficient than they need to be, The manufacturers save
a little by putting in less insulation and less efficient motors. The best
air conditionezs use about 2/3 as muchenergy as the less satisfactory ones.
This is agrea,t area for energy saving.

We could do alot, by just being careful. Something comparable to
Consolidated Edison's "Save a.Watt" program---in  just being sensitive to
minimizing the use of hot water, being careful about the use of appliances,

turning  out light,s, setting back our thermost;ats, all  the little things--there
can be avery substantial savings. With all of that we might bzing down sub-
stant,ially the rate of growth in total energy use~ nowabout 4.2'fcayear. Zf
we could halve that--this would make atremendous difference in the extent, of
our desperation in the energy picture. | think we ought to be working toward
that  goal.

Let me bz'iefly tell you some of the things Ithink we ought to do besides

carry out the energy conservation program. We need to recognize that power
plants must be built somewhere and that society's needs must, govezn. It is
impossible to have an organize4~  successful, viable society if any one of

our 200 million people can interfere with the needs of 811.

Realit, Research Reason

There must be some authoritative way to reconcile environmental require-
ments and energy needs, We must zecognize that power plants cannot be built
in space, that they must have alocus here on earth, and that the neighbors of
the power plants may not be happy. | know when |worked for TVA, as ldid for
almost 25 years, we took it foz gz'anted if we weze building adam there would
be some unhappy people whom, if necessary, you moved with the aid of ajudicial

order. It just seemed obvious that if a project was required for the benefit
of all the people of the Valley, we couldn't throw it, out the windo~ because
somebody in the middle of the reservoir said "1 dont want to move." Now the
whole approach is changing, so we have come to the point where we don.'t have
the resolution to deal with dissenters even after they have been given afull
opportunity to present their position and, to rea,son for the changes that they

think are necessary.

We should maximize development, of domestic fuel resources, we should have
encouragement  for drilling, and more lease sales by the Department of the
Interioz on terms assuring that the oil companies won't sit on the 1leases but,
will drill. We need more research, especial.y in the azea of coal gasification,
the breeder reactor, the fuel cell and combined cycle technology, and many other
things. We should be spending at least twice as much money on energy research
as we az enow spending. We need to develop better procedures for  environmental
siting so we can resolve these environmental' pzoblems. We should find the best
possible reconciliation, the best sites, the best way of adapting to environmental

problems--and then get the plants bui3.t!
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think Chere aze two final wozds |would like Co say--one is that even
on environmental questions we can.'0 have perfect, answers. It's obvious that
s,sour society grows we must pay more and more attention to the environmental
impact,. }3utwe can't go back Co1619. ThePijgrims are off the boat, and
they have had children. Weare nowa society of over 200million people, and
we will ncvez have the degree of pristine purity in our atmosphez'e that
existed 3z0 yeaz.s ago. Each increment of improvement becomes more and moze
expensive--you pay mozeand more to buy less and.less. |think we need common
senseto determinewherewe stop. Youcan go fzomoil with 2'fosulfuz Co1$ oil
for so muchpez unit of improvementbut whenyou go to 7/10 percent, sulfur
removalbecomesnore expensive; whenyou go from 7/10 to 3/10 percent that
"tep costs you about five times as muchper 1/10 percent of sulfur as the
initial  step. And, if you go below that you are paying so muchfor just that
one-tenth of 1'fpimprovement as cctmparedio the manythings that ouz society
should be spending moneyon! that you have a hard job to justify it. To
eliminate that last one-tenth oz sulfur content, costs more than the nine-tenths
did. Thez'efoze, | think we need a benefit-cost approach: is it worth it at
each stage?, how can we best spend our money?

Iwant Co repeat that |dont think we can solve the problems of our
society by lying flat on ouz backs. Our problems of the environment, of
poverty, and of employment, can only be solved in athriving, not in a
prostrate, society.

Question

I' ve got to be brief but Imust say that |found your comments a backlash
approach. The environmentalists have been saying "Look, there are certain things
that bother us very much. We see emphysemarates are climbing at an astronomical
rate and we can. correlate this with increases in air pollution, We see the
population explosion creating a situation where we've got an unsustainable growth
rate on this planet earth, andwe've got to somehovevel off the rate of economic
growth because it can't continue indefinitely. And energy is one of the factors
in this equation. This is how this environmental thing got stazted. It wasn't
just acry to get sulfur fuels down to one-tenth of one percent, instead of one
percent sulfur, or something like that,, That is a nit-picking detail on what
is really amuch broader, more fundamental concern.

One of the things I'd like to commenton is that Inoted very carefully in
all aspects of your talk on energy you eliminated any reference to solar energy
and we have spent about 20 years and correct meif I'm wrong! and.2ll billion
dollars in nuclear energy research and development in this country. At the
present time this is giving us about Ig of our electric generating capacity.

In view of the fact that there are large solar power plants, heating units,
thermal electric  genezators, and so forth in operation in various parts of the
world--it seems to me almost incredible to believe that if we had spent anything
on the order of 20 years and 24 billion dollars on solar energy z'esource we
would not nowbe producing far more than 1'gof Cheelectz ic generator capacity.
Bo here's an alternative that has, |presume for somereason, been deliberately
omitted fzom all your listed priorities. Iwant. to know why was this ignored
when we have substantial scientific organizations working in this area and a
number of companies like Texaco with solar energy research  stations at, M.I.T,,
at Stamford, at the University of Arizona and so fozth? Whydid you omit it?
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~Resense

| evidently didn't makemyself clear. 1 favor tapering off the rate of

3rowth. Whatl am sayingis that it hasto be donein an orderly way,wecant

ustchopt off--you'can't usethe meat-axapproach.l madesomeery specific
andpractical suggestionson howto do that and| believe these aze as advanced,
as practical, andas realistic as any that have beenpresented. |listen to a
lot of rhetoric about howto level off the ra.te of growth but very few practical
suggestions. | have devoted,andaskedour staff to devote, intense labors to
try anddevelopa practical wayto do this without disrupting Amezicasociety.

| made somesuggestions on howto do it andl favor morea,swego alon_ﬁ. I
agreewith youthat at someoint wemustlevel off but I think youwill have
a catastzophe if you try to chopit off--there mustbe a transition.  The
whole point of what | said is that we mustcut downon uses of enezgy--I tried
to explain howdesperate our situs.tion is becoming. Wemust cut downon uses
of energyand | think this involves cutting downultimately on the part, of our
growth that represents the products of society with alarge energy input.

Onsolar energy | have to take the word of other people, not being a.
scientist. My understanding is that solar energy presents a very long range
solution with very, very great technological pro%lems. Theheat sourceis so
diffuse that it would take manysquare miles of someheat absorbent material
to get any substantial amountof electricity. Youwould have to cover over -,
large  area.

Moreover, it isn't a steady source, Obviously, you don't get solar energy
at, night andyou don't get it whenit. rains soyou haveto thiiA. in terms of
areas like desexs--of high heat intensity and of fairly reliable sunshine and
even then you mayneed to couple it with somestorage arrangement. | think
you would find a,lot of people whowould obJect to having our desexs covered
over mile after mile with these heat absorbent structures. Every time you look
at someway to eliminate one kind of environmental problem you get into another.

At any rate |understand this is something we couldn't possi'bly rely upon
as a practical source of large scale energyinput for along time to come. As
a laboratory curiousity, as akind of thing that you use without regard to
expense,on a lunar probe--certa,inly, it's beendemonstrated. But as a,practical
wayof taking care of the needsof Oswegor Newyork City, it is very, very far
off--a generation or so--even if the breakthroughscome. In the meantimeve must
look to technologies which are further developed. Nobodyclaims to have any
ideas as to howyou could build a solar powerplant today. |favor using some
of our research moneyfor solar energy--I believe in it, but Ithink we must use
our zesearch money in other directions too.

~cation

Will or would a major decision on reliance on masstransit have significant
influence on uses of oil?
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Ycs, Ithink it, would. And Ithink one of the things we need to 60 is
to plan our cities so they don't require as muchtransportation. Ny ownview
is that rationing is coming. ljust, don't see where we are going to get
i~definitely ~ the energy inputs our society now seemsto require, at least,
until there are major technological breakthroughs.

Let me say one more thing and then | will go. Talking about the fact
that in trying to avoid one environmental problem you get into another.
don't, know whether you saw the book review section of the Washington Post a
few weeks ago, they had a picture of achurch in England on the Downs, a
lovely little  church between two cooling towers. If you want.to know quite
how massive a cooling tower is--you should see the way this lovely church is
dwarfed by these giant towers--they are about 350 feet high. Now, their
stations in England are smaller than ours--cooling towers here would be about
500 feet. So, in trying to avoid the problem of heat dissipation into
surface waters, whenpeople say "Let's have cooling towers"--they just don't
realize the environmental problem created by the cooling towers. I'm not
saying that cooling towers aren'0O appropriate under somecircumstances, but
Ido say they have their minuses and you are not apt to find a perfect
solution--one that doesn't involve some adverse  environmental impact. There
is an environmental impact every time somebody builds ahouse, cuts down the
trees and destroys property, and |don't think that apower plant is any
different except that it is worse. You can minimize the environmental im-
pact--and we should. It should have the absolute minimumenvironmental
impact that you can justify on a benefit-coat basis. But you can't hope to
avoid all the problems of combustion, all the problems of radiation, all the
problems of heat dissipat'ion, all the problems of land use.

Thank you very much.
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I, Predictin the Past

Consider for amoment a hypothetical analyst working for the Fedezal Power
Commission or the Edison Electric Institute in early 1965. At his morning cofiee
break he has been asked to project national electricity  requirements for 1969 and
1970. Heknowdis job, anddoesit, in a fewminutes. Total salesgz'ew,35'~",
per year for the last five years from 1959 to 1964-. So he predicts total sales
will gzow7.35joper year foz the next five years to 1.28 trillion  kilowatt hours
in 1969 and to 1.37 trillion kilowatt hours in 1970. For good mea.sure he draws
the graph in Figure |before leaving for lunch omitting, of course, the actual

sales for 1969 and 1970!.

Seven years pa,ss, atime of war and rebellion, inflation.  and unemployment,
increasin afflyence . and hardenin overty. In early 1972 be recal, sthat _pre-, .
alctlong,anf!aemdetoc ec gatE;alnysaa,ctua aresasreportem the statistical
Year Book.~l Actual sales were 1.31 trillion kilowatt  hours in 1969 and 1.39 in
1970. Our analyst calls afriend in his local utili.ty to meet him for lunch, and
together they note with enthusiasm the accuracy of their methods. They discuss
the views held by some economists that rising environmental protection costs will
change the pattezn of growth. But they note the recent coexistence of zecession
andrapid inflation  which economistsbelieved to be mutually exclusive!, and
conclude that economists could learn something from them about prediction. Total
sales, they agree, will grow to 11.82 trillion KWHn 2000.

Perhaps this suggests a useful cri.terion for judging the value of economic
analysis: can projection based upon more complicated assumptions give more accurate

results than extrapolation?

In fact, the economic history of the post-war era indicates all causal factors
influencing  electricity demandhave themselves changed quite predictably, and
these changes have all pointed towards regularly increasing demand, As we shall
see, this pattern will break in the near future if indeedit has not already!, and
it seemsunlikely that, electricity demandwill behave as nicely in the fzzture as

it has in the past

First, we note that population and disposable personal income have inczeased
regularly  since the war, and these are important positive influences upon the
purchase and,utilization of appliances and lighting. For business and industry,
value added or gross national product would probably be amore relevant income
variabj e, and.we note that here too theze has been anearly continuous increase

since the war.
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~|» addition,  the averagﬂorices_ that consumershusiness,andindustry have
paidfor electricity havdallen sincethewar,andhis hashappen®adhilemost

prices were increasing.

. Wherwe consider_ the past relationships betweenelectricity prices and the
ricesof competitivgoodsweseethat electricity hasbeconamincreasingly
etter buy sinceWWI.  Figure 2, for example showsiowaverageindustrial
electricity price hasdeclinedrelative to caﬁ!tal_costs as measuredy the price
index for nonresidential fixed investment. This picture is equally true for
other factors. Theaverageindustrial andcommercialelectricity prices have
fallen relative to unit labor costs, natural gas prices, total energyprices,
and overall wholesale prices. Theaverageresidential electricity price has
declined relative to overall consumeprices, natural gas prices, and.fuel oil
andcoalprices. Thes@atternsare showm the appendix!. All of theseten
relationships have changedin a generally smoothmanner,and.all of themare
causal factors in increasing electricity use.

Theinfluence of the prices of complementargoodsis the same. Thecost
of electrical machineryfor business has declined relative to overall wholesale
prices since1959andthe costof householdppliancefasdeclinedrelative

to overall prices since 1945.

Tosummarizeyopulation, income glectricity prices, the prices of goods
comp_et_ltlveto electricity, andthe prices of app mnce_andmachmerys_lntg
electricity haveallchangeuh, directionswhichresult in greaterelectricity
demandand each of these changeshas beengenerally smooth.

Further, this pattern is essentially the samdor all areasof the country
for all consumer classes for the entire period since WWIL.

Theelectric utility industry is to be credited. for meeting our expectations,
Wehave had accelerating consumptionat a nearly constant exponential rate, a
generally firm supply, and declining prices.

Howeverit seemskely that the factors causingthis past growthare in
the processof rapid changeandin the nearfuture weare likely to seethese
factors pointing In different directions andchangingat different. rates than

they have in the past.

~If this divergenceof causal factors from past patterns doesin fact occur,
it seemslear that electricity demandrowthwill depart from past pat,terns.

The‘:)rimaryeff_ects wouldseeno be a reductionin. the growthof consumption.
of metal products including cars!,cialastlcs, chemi.calsdrugs %etroleumand
gasolinepan-méibers, and;ardboaascpapeproducts.3
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In residential use, retardation in demandrowth would probably affect
growthn air conditioning,electric rangesndheating,lighting, "clothes

dryers, and possible electronic appliances.

Three forces are likely to modify future demandgrowth. They are
I noticeably increased cost of' envrionmental protection f'or one or more
stagef Chegeneratingprocesdor eachmethodf generation,! possible
reduction in the growth rate of population, ! possible reduction in the
growth rate of per capita income.

In the next section we review past and current research on electricity
demando determinethe likely values andreliability  of quantitative esti-
matesof these different influences and.the time path of responseof electri-
city demandto changes in these factors.

“Thelast section analyzes various administrative, legislative,  and social
policies in the contextof available information.on Cheirlikely consequences.

[I. Quantitative Analysesof the Factors Influencin Electricity Demand:

An Appraisal.

In the previous section, five different factors are assumetb be responsi-
ble for the growth of the quantity of electricity consumed. Thesefactors are
population, income,the prices of electricity, prices of competitivegoodssuch
as substitute fuels, andprices of complementargoodssuchas electrical _
appliances. Althoughthe directions positive or negative! of the relationships
between each of' these variables and demandcan be described from economic theory,
the relative importanceof eachfactor cannot be determined. Themajorobgectlve
of mostquantitative analysesof electricity deman to estimatea magnituddor
eachrelationship.  Theseestimates can then be used Copredict the impact of' a
specific policy changenthe quantity of' electricity demandedFor example,
suitable estimates wouldprovide aguide to answering the following questions.

Will  the reduction in electricity = demandbe Iar?e or small if atax on sulphur
emissions results in. a five percent increase of electricity prices, or if income
per capita increases by six percent instead.of three percent annually?

~Zn most economic applications,  the magnitude of Cherelationship between a
variable and demands measuredas an elasticity.+3 Hence, one objective in a
guantitative analysis is to determineaccurate estimatesfor the ela.sticities

of each variable.

Another consideration that should be discussed concerns the adjustment path
throughtime of the quantity of' electricity to changesn the eprJanataryvarlabIes.
As electricity consumptionis related to the stocks of electrical machineryand
appliances,andthe sizes of these stocksreflect past aswell as current decisions,
the current quantity of electricity demande also related to past as well as
current, values of the explanatary variables. This type of' situation is familiar to
economists and can be incorporated into the analysis.
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FIGURE | PREDICTING THE fUTURE FROM THE PAST
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It, is possible to estimate both the short run elasticity
and the long

that,
after
of electricity

occurs in asingle time period!
the adjustment process

demand consider the

Table | summarizes our view of likely
These estimates
as our ownwor~5 Giventhe difficulties

for selected major factors.

as well

is completed!.
time path of

the response
the response
few studies

run. elasticity
However, relatively
response.

short run and long run elasticities
are based upon other studies&
in analysis discussedhere,

making such estimates is clearly a risky affair at present. The reader is
given fair  warning: Table [ will be substantially revised in its final
version, We have more confidence in the price, population, and long run
estimates, and less confidence in the income, fossil fuel price, and short run
estimates.
Table I.  Summaryof Electricity Price, Income, Population, and Fossil Fuel
Price  Elasticity Estimates
Long Short Income Price
Run Run Influences Influences
Electricity Price
Residential -1.1 0.1 Rising Rising
Income Price
Commercial -0.2 Lowers Raises
Industrial -0.3 Price Price
Elasticities Elasticities
Income +.6 +.08 Rising Rising
Income Price
Lowers Lowers
Income Income
Elasticities Elasticities
Populat ion +.9 +.1
Fossil Fuel Price +.1 + .0l
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lll.  Implication for Legislative  Administrative  and.Social Policy

A. Internalizin Kxternalities.

This phrase is usually used.n. the sensethat Federal and.State legislation
and administrative  policies should cause private and public organizations to
eliminate  or reduce their actions which cause environmental degradation. The
costs of such environmental protection are expected to be financed. out of higher
prices, appropriations, or profits,  For electricity generation, the important
types of environmental degradation are well known. The nature and extent of the
damagefrom such activities is in general not well understood. Similarly, the
costs of eliminating  or reducing these effects are known with varying degrees of

reliability.

driven the estimates of price elasticities summarized in the preceding
section, it is apparent that substantial "internalization of externalities” will
in turn cause reduction in future growth. Analyzing this impact can proceed in
various ways. Memay consider general cost increases or the cost of specific
protection activities; we may attempt, to analyze consequenceson an aggregate
national basis, or we can work with specific geographic areas.

Since the summer of 1970 the major purpose of our research has been to
develop quantitative estimates of demandresponse to environmental protection
policies> and we are now in. a position to undertake the examination of demand
response to externality internalization, In one study, we have explored the
response of electricity =~ demandin 1Vework in each of the major classes to the
increased costs that would follow the implementation of a Federal sulphur
emission tax.j~ In somewaysthis is moredifficult than an examination of
general cost, increases. It. was desirable to work with 39 economic and engineer-
ing variables over atwenty vyear period. The results for the projections  for
1990 for NewYork are of some interest, and are shown in Table 2.

Somesurprises are evident. First, as expected, atax high enough to
motivate  control causes a reduction in sulphur emissions and damage. But
unexpectedly the tax-induced cost would have no noticeable impact on electricity
demand growth.  Consequently, given the assumptions of proportional capacity
growth used in the paper, 21 new nuclear power plants of 1000 bWe capacity---or
their  equivalent---would. be required with or without a sulphur tax.

In a qualitative sen.se the results of the New York study are applicable
to the nation: it seems unlikely that the imposition of a sulphur emission  tax
in and of itself would have a visible impact on electricity growth.  In this
case "internalizing the externality" markedly reduces the externality and. its
damage, but does not modify demand growth.
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Table 2. 1990 Projections f'or NewYork without
Generation, billion KWH
Total
Coal
oil
Nuclear
New Generation, billion KWH
oil
Nuclear
New nuclear planta, 1000 MW
Sulphur,  million. tons
In  coal and oll
Proportion emitted
Sulphur  emitted
Damages, tax, control costs,
million  dollars/year
Damage to New York

Change in damage
Control cost

Damage plus  control cost
cost

cost,

Tax plus control

Tax plus control cents/KWH

plus tax and
cents/KWH

1970 average price
control  cost,

Source: see text.

and with

Case A

276.9
32-5
49. 2

153.5

181.5
24.9
149.2

271
1, 000

271

$157

157

1.97

a Federal Sulphur

Case B

271.9
32'5
48.5

149.4

176.5
24.2
1451

21

.269
.100

.027

5.4
64.0
80
69.4
.026

2.00

Tax
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Theseconstudybegafroma differentpoint of view.J~Weostulated
different sets of assumptionsfor the Nation about future ! environmental
protection costs in electricity generation, ! population growth, ! income
growth. Then, given the type of quantitative estimates in Table I, we examined
how electricity demand growth would. be modified by different possible patterns
of these factors. Now internalization becomes an important  modifier of demand
growth. Let us take as a "baseline” projection the moderate price decline case.
Here, as in the five other casesreported in Table 3, population andper capita
income continue to grow at past annual rates of 1.3'$ and 3.9% respectively.

The change in direction in cost pattern in CasesD, E, and F show significant
reductions in demandgrowth.  Similarly, if prices should fall rapidly over the
rest of the century, demandgrowth may accelerate.

In summary,we can conclude that internalizing  somespecific costs such
as sulphur removal may not noticeably affect demandgrowth, while a general
policy of internalization  mayresult in substantial modification of demandyrowth.

B, Efficient Environmental Protection Now Means Fewer Future Problems.

This is essentiaU.y arestatement of the preceding discussion from a
different perspective. It meansthat effective regulation of airborne emissions,
strip  mining, oil spills, heat discharge, radioactive material disposal, etc.
will  reduce the scale of future problems by reducing the growth rate of demand
and the need for new plants and capacity.

C. Extra ojation of Past Growth will be Inaccurate

In the first section it was noted that more accurate prediction than is
possible with extrapolation should be a criterion  for judging the efficiency of
guantitative analysis of the factors influencing demand.. It is clear to us
that---in the absence of major new technological developments such as electric
cars or nearly costless fusion power---increasing environmental protection  costs

will  reduce the growth of electricity.

D. The Environmental Si nificance of Inverted Peak Demand Rates

There is much confusion surrounding this subject, and it is justified.
Rate structures in most states will,b, at agiven time of day or year, generally
charge large users less per average KWHthan small users. The last KWHwill
generally cost less than the average KWH. These characteristics have developed
in response to a variety of economic influences. The more important of these
influences are 1! economies of scale resulting in lower average cost for higher
levels of generation and transmission, ! the fair rate of return principle
influencing profit and therefore rates, ! joint costs of production are
substantial, ! load levelling with lower night rates is common,! very large
users can negotiate rates with a utility, I most public and private utilities
and. the regulatory agencies expect efficient management to produce and sell
electricity at minimum cost.



Tahle 3.

Effects of'

A. 1970 Levels

B. Moderate

1. Rate

2. 2000
C. Decline

1. Bate

2. 2000

Price Decline
of change

levels

at Past Rate
of change

levels

D, Level at 1970 Value
1. Rate of change
2. 2000 levels
E Moderate Price Increase
1. Rate of change
'g of 1970 price
per year!
2. 2000 levels
Y. Rapid Price  Increase
1. Rate of change
'$ of 1970 price
per year!
2. 2000 levels
Including other

Internalized

uses and losses

Environmental

Residential

2.10$/KWH

-2.1$/yr.
LIlg/KWH

-4.2%lyr.
0.58!/KWH

0
2. 10$/KWH

+.420 milks/
KWH/yr.

3.36!//KWH

+1.05 milks/
KWH/yr.

5.25!//KWH

Protection

Prices

Commercial

2.0k!//KWH

-2.3%lyr.
1.00//KWH

-4. 6%/yr.
0. 48!/KWH

00
2.01g/KWH

+.402 mills/
KWH/yr.

3.22!/KWH

+1.005 mills/
KWH/yr.

5.03!//KWH

Cost on Demand Growth

Industrial

0.95!//KWH

-1,4/lyr.
0,62$/KWH

-2.88%lyr.
0.40'/KWH

0. 95g/KWH

+.190 mills/
KWHI/yr.

1.52$/KWH

+.475 mills/
KWHY/yr.

2.38!//KWH

Total
Generation

trillion KWH

15

11.5

35-"

4.0

1.7

0.7



Tnverted peak demandates are connected to environmental protection in
twoways. First, peakload.units, whether pumpedtorage capacity or small fossil
plants, seemto have a higher than averageenvironmental cost per KWH. Second,
in. some areas environmental controversy surround,ing new plant sites has restricted
capacity growth, thereby increasing the peak demandapacity problem. Advocates
of inverted, peak demandates see this as a partial solution to both problems.
Higher rates for higher levels of use are expectedto reduce the needfor new
plants by load levelling.  Theserates are expectedto reduce air pollution from
existing fossil peak capacity units. Finally, inverted rates are expectedto
reduce the peakload stress on systemcapability, thereby decreasingbrownouts

and voltage reductions.

The research described here indicates that. peak demandwould decline if
peak demandates wereincreased. Theviability of this policy as a solution to
short run problemsmust be qualified by the delayed nature of responseas discussed

below.

E. Social Policy: Po ulation and Income Growth

It would. be folly to suggest that electricity = demanddictates population
and incomedecisions, but the reverse relationship has beenandwill. be important.
Although electricity = demandhas grown muchmore rapidly than population or per
capita income and muchfaster than the product of the two!, Table 1 indicates
that these factors will influence future electricity growth. It is unlikely that
ZPGand ZEGwill commencetoday but it is possible that future growth in both
population and incomewill be less than it has been since WWILI.

Oneof our proj ections in the national study discussed above assumedthat
population growthwouldbeginthis decadet its past growthrate of 1.3$, but
slowly fall year by year until zero growth occurred from 1999 to 2000. A similar
assumptionwasmadewith real per capita income, so it rose 3'fpthis year, but the
growth rate slowly declined until zero growth occurred in. 1999-2000. Weadded to
these "ZPG 2000" and "ZEG 2000" assumptions an environmental protection policy such
that electricity  prices would no longer decline relative to other prices. This
means that future savings in efficiency and returns to scale are a.ssumedto be
used to purchase growing environmental protection.

The result is shown in Figure 3. Note that sales to each consumer class
as well as total generation grow at past rates in the near future, but stabilize
at the end of the century, well below Il.g trillion KWHgeneration.
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TI>e Timing of Demand Res onse to Modifying Factors

As observed in the preceding sections, there is good reason to expect
that for all consumer classes electricity demand is influenced by the purchase
of electricity using appliances, machinery and equipment, and by the rate of
use of those appliances. Electricity prices, population, income, competitive
fuel prices, electrical machinery  prices, and prices of machinery competitive
with  electrical machinery all influence the purchase of such equipment. There-
fore we expect alagged response in electricity demand to changes in these
factors. Each of the types of demand response discussed in this  section should
be envisioned as having asmall but perceptible influence in the year of or
the first year following! the change in the causal factor. Weare as yet
uncertain of the length of time necessary for most of the full cumulative
response to occur; arange of 3to 10 years is the best estimate that can ‘'be

offered today.

G. A Final Caution and a Conclusion

We must emphasize the preliminary nature  of the numerical results
discussed here. It is likely that some of these estimates will be subs<antially
revised in the next few years. Nevertheless, there is sufficient information
available to conclude that future electricity demandis not deus ex machina,

but the sum of predictable responses to many separable choices.
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ASSUKPTIONBIVDBASIC PRECEPT®F CONSERVATIONISTS
Address by Alfred W. Eipper > Associate Professoz

Department of Natural Resources
Cornell University

Theprofessional backgrouncf a great manyconservationists is biology.
Hencea numberof the assumptionsandprecepts to follow are basedon biological
truths. For the samez'eason.manyof thempresupposea long-time frame. Biolo-
gists tendto think in termsof decadesndcenturies, feeling that, because
biological andpopulation changestake so very long to implement, one has to
start working now on problems that he hopes to solve 25 or 50 years hence.
Also, the biologist hasa "feel" for exponentialfunctions, whichtend to be
the kinds of processeswheredeterministic action canonly be effective near
the beginning--toward the end of an exponential process, changesare likely to
be taking place so fast that any useful action. then is impossible.

Somuchfor the introduction; here are someof the conservationists
assumptions  and precepts:

Carr in caacit .Every environmenthasits saturation. point: Tasmania
canonly supportso manysheep,the Adirondack®nly so manydeer, LakeOntario
only so manyfish, andany particular part of the earth only so m~~ people. Yet
mah,alone, of all the animals, hasnot expezienceénvironmentasaturation--yet.
He alone does not knowwhat it. meansto reach the carrying capacity of the
environment, and this maybe his Achilles' heel. If he s to forestall it, he
has to be able to foresee it.

The conservationist assumesthat growth is not necessarily good: growth in
ﬁppulation, growth in life style, growth in numbersor sizes of automobilesand
ighwaysetc. Furthermorethe consezvationistsusually wouldassuméhat growth
IS not necessaryto man'swelfare. Theywould evengo a large step fuzther and
postulate that, indeed.continuedgrowth, indefinitely, is not,possible. Popula-
tion in the United States is doubling evezy 65 years--every 35 years in the wozld
as a whole, andthis trend has remainedunchangedhroughout mostof this century,
including the past three decades. Growth of electrical demandis also steady.
Electrical demandis doubling at least every ten years, according to utility
compangexperts. Per capita electrical use is increasing five times faster than
the popugation in this country, andeachof us canaskhimself the question: Will
| need |g moreelectricity this next year than this year? Whydid | use HFjonore
electricity  this year than | did. last? This is whatis happening, but the answers
to this questionare complexandgo far beyondsimply blamingindustaalists for
promoting electzical use and.electricity-using products.

Theconservationist also assumeghat growth pzojections predictions! are
subject to change,that they mustbe changed,snd.that the changewon't start
until  we start looking into meansof changing growth. This in turn requires
critical examination of reasons behind the present growth patterns,
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Conservationists have somehard-core convictions about the decision.-making
processtoo. Theybelieve that decisions about managinghatural resources and
energy resources must be public decisions, not unilateral decisions by any
particular interest group. Thusthe conservationist would argue that decisions
about the relative merits of building a power plant on Lake Ontario, or the
relative  costs and benefits to society of using cooling towers are not matters
to be decided only by the utility = companypor only by the Public Service Commission,
or only by the conservationists. As to howdecisions are made,conservationists
believe that they must be based on arational consideration of all possible
alternatives,  and that now, conventional economic criteria  cannot be used as a
sole basis for estimating values and determining priorities.

Furthermore, the morefarsighted conservationists have nowrealized that
decisions cannot be made in a one-at-a-time sequence. Take Lake Ontario, for
example: Dowe simply look at the pros and.cons of onepowerplant a.t atime
or do we look at, the impact of all the power plants on Lake Ontario? Clearly,
we should determine as accurately as possible the total number of power plants
we are willing to have this lake serve as an industrial sumpfor. The effect
of onepowerplant or alake the size of LakeOntario is probably not easily
predictable, but this is not the question. The question is what will be the
effect of all the power plants that we are going to put on Lake Ontario? When
we consider one power plant at atime, we neatly avoid facing up to that question.

Conservationists also have samepretty firm beliefs in the category of
values, there is, for instance, that we have an obligation to future generations
to maintain the quality of natural environment still remaining--that everyone has
aright to ahigh-quality environment; no one has aright to pollute. Values
imply paymentin our economic system, although not, all values are measurable in
dollars by any means. But who pays for our energy and our use of resources? The

conservationist would answer that all of us must pay for what we use, for our
sewagetreatment, for our electricity, for our coal, and also for the water used
in generating electricity, and for the air used as a dumping site for the wastes

of burning coal.

The conservationists tends to be haunted by arelated guestion; Who pays
for mistakes in judgment? Wehave seen too many ecological boomerangs, long,
lasting uncorrectable environmental damagefrom humanactions when the results
were unpredictable a.t the time these actions were taken. DDT, mercury, FCB's,
acid rainfall--these are only afew of the examples of ecological boomerangs.
Therefore, the conservationist, is convinced that we must pay the full cost of the
product, pay for "the bads along with the goods." More specificaLLy, he is
convinced we must start paying the environmental costs of producing goods and of
producing energy. This i.s the economic approach to helping manachieve some
steady-state adjustment  to his environment.



I'inally, the conservationist has somewell-defined assumptionsabout the
effects of atechnology on the environment, based on looking back at all of our
pa.st experience with ecological boomerangs. Someof these are;

. It is not a50-50 chance that disruption in an ecosystem will have good
or bad effects on that ecosystem. Anymore than it is a50-50 chance that a
blindfolded manpoking a pencil into the works of a Swiss watch will improve or
impair its operation., Both the ecosystemand Che Swiss watch are extremely
complicated mechanism€&€hat have evolved,over a long period of time, during
which disfunctions were eliminated and improvements were incorporated,

2. These unforeseen effects of basic changes in. an ecosystem, for example,
the often unpredictable effects of heat on alake are hard or impossible to
corzect after they have occuz'red. This is also true for the examples cited
earlier, and for the carbon dioxide, radionuclides, pazticulate matter, lead,
and oxides of sulphuz and.nitrogen. that are now permanent; additions to our

atmosphere.

3. Thelill effects of technology on our environment are not only difficult
or impossible to foresee, they are likely to be difficult to prove later, even
though they are there. Causal zelationships between.pollutants and environmental
degradation. can be implied from scientific  investigation, but it is extremely
hard to prove thembecausethe interrelationships are so manyand so complex.
In similar fashion, no onewill ever be able to prove at least to the cigarette
manufacturer's  satisfaction! there is a causal relationship between smoking and
lung cancer. There will always be somesmokerswho don't die of lung cancer, and

some non-smokez s who do.

4. The preceding leads to afourth assumption about pollution  problems:
waiting for pollution damageto become clearly measurable before taking steps to
correct it has been proved an untenable approach. There is agreat deal we do
not know about pollution pro'blems, but we do know Chat the majority of our serious
widespread pollution problems cannot be corrected by all of our shining technology

put together.

As with any other pattern of logic, certain assumptions lead to other
assumptions. I think  the preceding assumptions form Che background for some very
basic assumptions the conservationist makes in appzoaching a proposal Co inflict
a technology on an ecosystem;

1. The burden of proof must be on the potential polluter to prove his
technology will not damagethe environment, rather than on the users of that
envizonment Co prove the technology will damage it.
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?,  Wemust employ the principle of' prevention---"a  stitch in time saves

nine,” andso on. Wheranything can be doneto forestall possible ill effects
of' atechnology on an ecosystem, in light of the preceding precepts, it should
le done. This is not really such a startling assumption.  Technologists  employ

it routinely. Anengineer whois building a bridge alwaysuses an I-beamfive

to ten times stronger than the maximunstress his mathematical planning tells

him this beamwill ever have to withstand, @ Why? Becauseyou alwaysbuild in

a safety factor, to provide for possible unforeseeneventualities. Andit is
simply this safety factor that conservationists insist uponin the environmental
problemsthey are embroiledvith on LakeChamplainCayugd.ake, LakeMichigan,
and Lake Ontario, to namejust afew.

Tosumit all up, agroup of conservationists in the Chicago area came
up with a bumpersticker to expresstheir basic approachto the managemeruf
that most valuable resource, Lake Nichigan:

DONT DO IT IN THE LAKE'f



