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01'F1VING REMARKS

i' Bruce Wilkins, Assistant Professor, Department, of' Natural Resources,
Coznell University and Program Leadez., Sea Grant Advisory Sezvice

Objectives of Meeting

Power plant siting is the subject of' a major research thrust within
New York's Sea Gzant 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 involved in locating power generating stations are numerous and
complex and they cannot all be dealt with today, of' course. However, thz'ough
the joint eff'orts of the speakers> Sea Grant and Coopers,tive ExtensiorI, prob1ems
basic to powez plant siting may be bettez' understood.

Description of Sea Gzant

Sea Gz'ant 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 f' or the resources of the land. This ef'fort 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 Oswego. The Advisory Services' role is to take
resea.rch findings to potential user audiences~ people who can use research
findings to aid them in. their daily lives. ln 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 questions involved, not
in reference to particular sites, but. understan.ding the general factors in-
fluencing this question today.



THE STATUS OF NEW PQKR PLANT PROPOSALS IN NEW YOIK

Address by Mr. Ronald Stewart, Senior Research Associate
Atmospheric Sciences Research Center

State University oi New York at Albany

Power Plants in New York State Present and Projected Po ulation and
I'ower Demand

If' we demanded the same amount of electrical power today as demanded by
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 problerrr. For while the population has
doub1ed in the past 35-40 years, the demand for power has increased more than
eightfold. Hence, demand, not necessity, is the pivotal factor spurring de-
velopment of greater energy generating power.

Ir>formation 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. Some of' the data, used in this
speech is f'rom such sources.

Reports  three volumes! on thermal pollution are available from the
Congressional Hearings for the Subcommittee on Air and, Water Pollution.
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

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,
It is a good rundown on the pro'blem: 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 series
of problems arising in rela.t;ion to energy and power, includ.ing how these affect
the biosphere, the energy resources of the earth, how energy flows through our
industrial society, and decision-making.

00.

Questions

I! Question
Could I ask one that is non-technica1 concerning the use of power of
words? My blood pressure went up every time you emphasized demand and
I noticed throughout your talk you referred to people derranding power
eight times and mentioned casually need twice. I was wondering if' this
is a personal bia.s of yours--are you trying to brainwash us, or is this
so important that people are actually demanding it as a lifestyle?



you choose to think back 20 years to how you lived in 1950, at
t;hat 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
treasonable rate? To live better than any other country in the
world?

2! Question
IInI years I' ve used wood, tttel oil, noel and. many other things.
I can' t, remember every demanding electricity. I simply use it,
becsuse 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 is being forced upon
us 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'."

I feel rather strongly it is our demand and. not our need that presents
a power problem.

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

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 wondering whether it is reasonable to assume
that this doubling is going to continue at the same level."

~Res ense
It's impossible to say that it's going to end in Year X. If 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
approximately the same way since 1900. I have absolutely no evidence
to indicate that the curve is changing substantially--if I allow 15
percent on either side.



Now many people a.re looking to mass transportation and the question
oi what do you use for mass transportation always arises. Very often
t}~ey come up with either turbine-driven vehicles or electrical-driven
ve}iicles. T}iis 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
bend over and come down to even doubling in every 30 years, so we
would have a grea,ter lead time in our planning. f you can show me
any evidence to the contrary, I'd. be very interested in seeing it.

4! Question
Do you have any other data on nuclear or thermal generating sites on
Lake Ontario? 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
,,00 or 800 megawatts, always come from a report I consider to be
reliable. There are hearings on power plant siting, but beyond that,
} have yet 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. Fxact
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.

4J Question
T"or environmentalists, isn't it a little too late to initiate discussion
once the sites have been bought?

R~es esse
}' or 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 react.



With tI e amount ot data available today the envizonmentalist csu apply
to a proposed site. !Le can also begin taking his own Rata there.

1 ikewise, there arc many studies going on that may be applicable to
siting. We had been studying the 9-mile point site two or thzec years
before we had any interest in nuclear power genezation. We were
interested in some other things out there and had this as background
data. One af' our greatest problems is that, so much data has been
collected which isn't gett,ing out and being used. But there is a
tremendous amoun.t 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 Pragrszn should also
bring a. substantial amount of information to the public on power
generation as it becomes available through the program's research
projects. And, we are trying now to ally with several other organi-
zations involved. in the problems of power generation so we don' t
duplica,t,e but provide a good use of efforts.

ZI. Power Plants and Thermal Control

Condenser Requirements

Let me begin with same data related to water use by power pj ants put
out by the Water Resources Council. ln 1965 in the North Atlantic region
 Delaware ta 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 weze used for the same purpose each day in that
region, By the year 2000, fz'esh 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 af saline water.

Water-Cooling Methods

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

l. The "once-thro " s stem, 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 temperature of the
water roughly one gallon per kilows.tt per minute by 20 degrees Farenheit, ~

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 coal
you off. A natural draft, cooli.ng tower uses the natuzal flow of aiz in the
tower, while in a mechanical draft cooling tower, forced air may be substituted.
for natural air drafts. Fans, af' course, use up same of the electr'icity
produced by the plant.



Drawback of cooling towers include.

a! They are highly visible, often 300-400 feet in width and height;
b! They are vezy costly, ranging from 5 to 15 million. dollars plus

one-quarter to one-half million dollars a, year for operation and
maintenance;

c! 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
caz radiator. This system wou1d. be more expensive than wet cooling towers.

4. Another alternative, viable only where there is sufficient land

art,ificial lake where ws.ter is simply held until it returns to its natural
temperature. To reduce necessary acreage and/or time, pumps may be used to
spray watez into the atmosphere. These ponds also may cause local icing and
fogging.

There is no way known to avoid the production of thermal output. Even in
a fossil fuel plant, heat is being rejected into the environment. The
ef ficiency of fossil fuel plants run fram 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
Thezmal Unit! per hour per unit area in 1968 from fossil fuel and nuclear plants,
steel opezations and sewerage. It is expected to increase fourfold, to a figure
of 21.48, by the yeaz 2000.  Information from the Dennison. and Elder report!.

This means that whereas in. 1968 Lake Ontario received ,09 BTU pez hour per
square foot,, it, is expected to have risen to .27 by 1980 and to quintuple that
figure by the year 2000. In that time, Lake 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 riot 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 ~ight now.

Lake Ontario will receive the most heat per unit of the Great Lakes; Erie
is not faz behind. Thermal discharge problems can definitely be anticipated
in these lakes.



You then may face being caught. saying, "All right, a power plant is
, oing in, what kind of thermal discharge will it have" and "what do I want
to do about it,'? 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 ha,ve to be used to run the fans, and
the area would become noisy. The technology fox that size of unit  about
l,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 cooling tower. So
we are back to asking the question which way does an industry go?

In Wisconsin and. Plichigan 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 I/20th or l/50th the size of
a natural. cooling pond. so cooling water could be kept, on their own site and
the icing and fogging problems, hopefully would be localized.

One acre per megawatt may be a cooling pond design figure but this
depends greatly on where the plant is located and on meteorological conditions.
A 1,000 megawatt nuclear plant can use as few as 50 acres 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?

Vms, 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 stud.ies in cen.tral Wiscon.sin on
the effects of spray pond.s, in terms of ecological change. Will a
pray 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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RADIOLOGICAL CONSIDERATIONS IN NUCLEAR ~ PLANT SITING

Address by Mr. Vance L. Sailor, Physicist
Brookhaven National Laboratory

Upton, New York

Introduc tion

I shall discuss some of' the zadiological consideratims that must be
taken into account in the siting of nuclear power plants and facilities
associated with the nuclear power industry. These involve three genez'al areas:
1! routine emission of rad.ioactive effluents, 2! the management of low-
high-level radioactive wastes, and 3! accident potential.

l shall first describe how things are ~su osed to work. Later, 1 will
review how they have actua11y been working. Then we can draw a f'ew general
conclusion.s about siting restrictions.

The Sources of Radioactivity

Most of the radiological problems associated. with nuclear energy are
related to the fission products formed as the nucleaz' fuel is consumed.
These are the "ashes." As you probably know> energy is released from the
uranium nucleus by causing it to fission--to break apart into two or more
chunks. Most of these leftover pieces are not ordinary stable atoms, but
must undergo a sez ies of radioactive decays before they become stable. Ab~ut
90 radioactive isotopes have been identified among the fission products.~

Each of these isotopes has a characteristic half-life, which is the time
required for half of the atoms of that variety to undergo radioactive decay.
The half-lives vary from a fraction of a second to more than a million years.
Some examples are shown in Table l.
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Examples of Rad.ioactive Fission ProductsTable l.

Half-LifeSymbol~isoto eElement

8S

85

86

85

86

90
90

Sr9'

106

92

106Ruthenium

129
129iodine

131
131Iodine

137
Cesium

Some additional radioactive isotopes are formed by neutron bombardment
of' materials in the reactor core. These sre calied activation products. 0[e
nota'ble example is nitrogen-16  N ! which has a 7.13 second half-life. N
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 as completely as possible.

Routine Ra.dioactive Emissions

As a practical matter it is impossible to contain 100 percent of the
radioactivity. 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 careful y
cleaned, a small 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.

Hydrogen  tritium!

Selenium

Krypton.

Rubidium

Strontium

S tron tium

12.33 years

39 seconds

10.6 years

18.6 days

28 years

2.7 hours

1,01 years

17-million. years

Be0! days

30 years
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1. Li uid Wastes

During plant operation it is necessary to remove dissolved materials and
gases, io keep the water very clean. A small pari of the water inventozy 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 opez'ations, and, from cleaning up minor leaks, eic.

The dissolved materials pass through a, series of ~yaporators, filiez's,
resin beds, eic., that traps most of the radioactivity~. These treatment
facilities are peziodically cj caned out and the trapped wastes are packaged
as solids. The packaging must meet, federal and ~!ate regulations that apply
to the shipment33 and burial of low-level wastes.~ There are several special
burial sites in the countzy which have been selected on the basis of favorable
geologica1 characteristics.

After the liquid wastes pass through the many sia.ges 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 appz'eciably is tritium
 T3! since it behaves chemically like ordinary water. The processed. water is
held in tanks so the residual radioactivity can. be measured; then if ii meets
federal regulationsJ5 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 g Because of the large volume of condenser water the
discharge is diluted by a large factor.

Maximum Liquid Radwaste System Release Concentrations
From a 820 MWe Boiling Water Reactor  BWR!

Table 2.

Limits of

1OCFR20
Discharge

ConcentrationRelease Rates

Half-Life

3.0 x 10
-8

3 x 10
-6

3 x 10

2 x 10

89 50.4 day
-8

1.5 x 1090 28 yr

137

140
3 x lO

3xlO

-4
1 x 10

131

58 4.6 x 10

4.6 x 10
460

Co 5 x 10

3 x 101.2 x 10
6

30 yr

12.8 day

8.05 day

72 day

5 27

12.36 yr

8.0 x 10
4

4.0 x 10

4
8.0 x 10

2.4 x 105

8.0 x 10
4

3.0 x 10
-8

9.2 x 10
-8

3.0 x 10
-8

1.8 x 10

1.8 x 10
-8

4.6 x 10
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2. Gaseous 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 distinquish between. the two common reactor types,
the pressurized water reactor  PHR!, and the boiling water reactor  BWR!, since
they have different characteristic.s.

In the case of' a ERR, the steam that drives the turbine is formed in a
secondary water 1oop so none of the reactor coolant, passes through the turbine.
The volume of gas removed fram the reactor coolant is small, thus it is practical
to store this gas for several weeks before the tanks fill up. Consequently
there is time for a11 of t e short-lived isotopes to die away. About the only
radioactive gas left is Kr ~.

The situation is diff'erent with a BW, The steam for the turbine is formed
in the reactor vessel, so the reactor coolant passes directly through the
turbine. The N formed. f'rom 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 Kj- decays very
quick1y it does not create any additional problems.

On the exhaust side of the turbine, the steam is condensed to f'orm a
partial vacuum. As a result of this vacuum, there is a tendency f' or 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 tota1 volume of gas which must be handled is much larger
than in the case of a ERR. Because of the large volume, the gas from a BWR
cannot be retained very 1ong. The o1der plants have holdup times of' only 20
minutes or so, but newer plants are installing various trapping systems ths.t
will allow holdup times of several hours or even several days. The longer
holdup times are desirable to aU.ow the shorter half-lives to decay. Table 3
shows how emissions decrease with holdup timeJ~

To recapitulate, nuclear plants discharge small quantit,ies of radioactive
liquid wastes at a controlled rate via the condenser water and radioactive 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 radioactivity. I will discuss the radiation
doses to humans la.ter.
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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 Co a storage pool where it re-
mains for several months to allow some of the radioactive 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 waste burial sites mentioned earlier. Fuel
shipments are made in massive casks which weigh from 30 to 120 tons. These
shipping containers must meet the specifications against damage in event of
accident set out in Che regulationsg~

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

The fuel reprocessing plant discharges some radioac0ivity into the envipn-
ment. At the present time all of the remaining radioactive gases--mostly Kr
and. some tritium as water vapor--are discharged through a stack. Un3.ess iodine
filters are provided, I129 will also be discharged. Water used in the chemical
processing, laundry, cleaning, etc. dissolves some radioactive salts. This
water is passed through a series of treatment facilities to remove most, of the
radioactivity. As in the case of the power plant, aftez many stages of treat-
ment, the facility ends up with a lot of water containing small amounts of
radioactivity which is discharged into the environment.

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

The Man ement of Hi h-Level Wastes

The system for handling high-leve1 wastes from commercial nuclear powez.
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 jnability of officials to agree on a site for its first
Federal Repository&7.



'I'he liquid wastes will be converted to solids--in the form of ceramic-like
beads or,;lass, These will be packed in steel containers and shipped to the
]'cdcr~l Repository t'or permanent storage. Articles contaminated by arry
transuranic isotopes  neptunium, plutonium, americum, etc.! will be placed in
the same federa1 repository as the high-level wastes. The wastes will remain
radioactive for the rest, of human history and. long beyond even that.

About 1'5 years ago a committee of the National Research Council �Vationa3.
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
use of nuclear energy. In 19�, the committ;ee identified the bedded salt de-
posits, which underlie 3,arge areas of the United States, as the most likely
candidates for the job&. 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
properties, undergoes plastic flow to seal holes, and does not exhibit any
disqualifying radiation. damage effects; 4! t;he bedded salt; is totally iso' ated
from aquifers; and. 5! in some regions of the U.S. the formations are deep under-
ground, making them inaccessible to casual explorat;ion in future centuries.

The feasibility of using such formations was tested in an experimental
program over a ten-year period 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 mines'~ J9.

The total volume of wastes to be generated. is small. A power plant
producing 1000 MNe will yield only about; 80 cubic feet per year. A 1200-acre
salt mine wil3. hold all wastes expected for the next three decades.

Radiation Doses

l. Units of Measurement

Radiation doses to humans cap be expressed in. t;erms of a unit called the
"rem"  roentgen equivalent man!~, The practical working unit of this is
1/1000 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 biological effect of absorbed. radiation. Different types
of radiation cay be expressed in terms of the mrem and thus reduced to a common
denominator" ~.

ln order 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-bodv",
skin, gonad, thyroid, bone marrow, lung, etc, Unless otherwise noted I shall list
"whole-body" doses.
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Rc ulation of Radiation osure

Jn the United. States, radiation standards are set by the Federal Radiation
C'oincil  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 sources other
than medical do not, exceed the following values:

Occupational  to workmen in radiation
professions and industries! 5000 mrem/yr

500 mrem/yr

170 mrem/yr

Individuals in the general public

General public+

The guidelines 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 medical! has been
very small, no attempt has been made to allocate the doses among various activi.�
ties which pr'oduce exposures.  In the U.K., 29$ of the recommended limits has
been assigned. to disposal of radioactive 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 facility which cannot be exceeded.

The AEC is currently considering a charge in. regulations that would limit
nuclear power stations of the 7WR and BtNTR variety to a maximum annual "fence-post"
dose of 5 mrem/year from gaseous releases~ and a similar dose from liquid releases
  taking into account pathways to man!.

3. Monitoring of Radiation

Standards mean that while some individuals in the general public may receive
a dose of 500 mrem/yr. the average dosage for the entire popu1ation should
not exceed 170 mrem/yr.

Several agencies monitor radiation releases including the U.S. Public Health
Service  now a part, of the EPA!, the AZC, and state agencies. Zn 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.



Natural Environmental Radiation

One of the Largest sources comes from potassium--a common element in the
earth's crust, and in sea water. The "standard msn" contains 140 grams of
radioactive pots.ssium, emitting a very penetrating gamma ray and also a less
penetrating 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. Rs 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
Illinois, Iowa and Wisconsin, the drinking ws.ter is 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 4.

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

Source

Internal

Potassium-40 in Human Body 20

Other Radionuclides in Human Body
 C-L4, Rn-222, Ra-222, -228, etc.!

External

Gamma rays from soils and rocks

Cosmic rays at sea level

50

28

67Cosmic rays at Denver

TOTAL   Depending on Location!: 75 to 225

During the past, 25 years, the health physicists have been very bu.sy measuring
the radiation levels in our surroundings, and we now have a good. understanding of
the naturaL radiation that hs,s always existed on earth. This natural radiation
comes from radioactive minerals in the soil, water, and air; and from cosmic rays
from outer space. It is of the same general type and quality as that produced
bv man from his medical and nuclear activIties. I think it is quite instructive
to review the sources and amounts of natural radiation~12 .
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The dose rate from rocks and soil depends very much on. the local geology.
Where I live, on Long Island, the rate is lower than shown in the table since
the loca1 sand has relatively little radioactivity. In parts of New England,
where there is a lot 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, and the dose rates inside run
as high as 500 mrem per year~3 . Incidentally, the stone for Grand Central
was quarried at Millstone Point, Connecticut, near New London. It gots its
name because it. was one of the main sources of millstones in colonial days--our
predecessors ground their grain. with rock that is actually a low-grade uranium
deposit. This same stone is in. many public buildings--the U.lV., the Statue of
Liberty, and many of 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 mrems at sea 1evel and
reached 67 mrems in 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. On a flight to the West Coast and back a passenger
accumulates about 5 mrem.

Thus it can be seen that radiation is a part of our natural environment
and ajways has been. The dose people receive varies over a wide range depend.ing
on. where they live. The average dose rate in the U.S. is about 127 mrem/yr.
This varies from around 75 mrem/yr for people who live in wooden houses on the
beach to as much as 225 mrem/yr for residents of parts of Colorado.

Man-Made Radiation Doses

The laz'gest single source of man-made radiation is from medical x-rays.
Accoz ding to a recent announcement of the Food and Drug Administration t q
estimated average genetic dose was 36 mrem in the year 1970 in the U.g.~. The
corresponding whole-body dose would, be about, twice this, i.e. approximately 70
mz em.

Fallout fzom nuclear weapons testing is in the range of 2 to 5 mrem/yz.
Other man-made radiation sources include wristwatch dials, color TV sets, etc.

Doses from Nuclear Power Plant Effluents

Continuous monitoring plus detailed. site surveys by the various agencies
show that "fence post" doses  the dose that a hypothetical person would z'eceive
if he stood at the plant boundary, unsheltered, 24 hours a day, all year, in
the direction of maximum average wind! from gaseous emissions from Arrterican
commercial nuclear power plants have generally been in the range of 5 mrem/year
or less, and no significant buildup has been detected in water, silt, or mazine
biotal5,16/,
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't'hc largest off-site dose- for which I can find records occurred at, the
Ihunboldt Hay Fower Plant.  Unit No. 3! near Eureka, Cali,fornia, where the esti-
Jllated doses were 'tO mrem in 1965 and 35 ml em in 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
two miles of the pla~t would be approximately 1/3 mrem.

The data show that the doses from nuclear power plant effluents are
generally much less than natural background and very small in comparison with
variations in natural background. An officia1 of EPA has recently s qted the
average annual exposure due to nuclear power is less than 0,01 mr~.

Table 5. Approximate Doses from Gaseous Effluents Averaged Over Population
Living within Circle of Radius R of a Nuclear Power Station. Model
Assumes Uniform Population Distribution, and 1/4 Mile Site Radius.

Fractional Part

of "Fence Post" Dose
Radius

 Miles!

1/4

1 0.31

0.07

0.02

0.01

0.001

10

50

Doses from Fuel-Re rocessin. Plant

Zt is indicate that NFS has been emitting some plutonium and iodine-129
from the stye 1 . Plans for modification of stack filters have been
mentione~20 .

Nuclear Fuel Services  NFS!, located at West Va11ey, New York, is the on1y
commercial fuel reprocessing plant in operation in the U.S. as this report is
being given. Others will be in operation soon.

Surveys by New York State~3-6 and the U.S. Public Health Service~9indicate
that off-site doses are below the 500 mrem/yr guidelines, but are probably in
that general range. Radioactivity has been detected in fish, deer, miik,
vegeta'bles, soil, etc. in the vicinity of the plant. New water treatment facili-
ties began operation in May 19 which were expected to reduce the release of
radioactivity in liquid wastesd. Although concentrs.tions do not appear to
exceed the AEC guidelines, they apparently fail to meet the "low as practicable"
criteria, because on December 20, 1971 the AEC issued interim regulations fear
NFS which are designed to restrict emissions to 19$ of the AEC guidelines~.~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 private pools have increased their coverage and have refunded more than half
of the original premiums~2j- ~ The private insurance nuclear pools represent the
largest sing1e 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
Federal Regulations~. Zt is recognized that, the accident probability can never
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 a rupture of the reactor pressure system.
It consists of a massive, air-tight, reinforced concrete "bottle" around the reactor.

The ECCS provide cooZing to the core in the event of a massive 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 AEC in Nashington,
D.C. to examine the adequacy of the criteria for ECCS~23 . Several substantial
questions have been raised as to whether or not the ECCS wogg 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~25 . These 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 a reactor. Siting in densely populs.ted areas
becomes prohibitive in terms of engineered safeguards.

Many members of the scientific community are basically opposeP to siting
power reactors in densely populated areas under any circumstancesD2o, and
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 a long
time to come.

The denial of sites in metropolitan areas, e.g. in New York City, creates
a serious problem that has been ej,oquently described by L. Roddis, President of
Consolidated Edison of New Yor~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 pub1ic 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 a oca1 se s ri s eternal in the human. breast.' -- a

statement appropriate to the sense of doom felt 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 a degree 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 wiU. be enough electric power
to take care of them. They do not visualize that a day 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 j ob market. They do not see a day 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, I think that we are reaching a point 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 a great 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; by 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 used 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 a year. When I was chairman of the
Federal Power Commission the rate was about 10 or ll trillion cubic feet a year,
it s now more than twice that--in the order of 24 trillion cubic feet a year.
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
a11 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 f' or the past two
years, despite their contracts. It's not only impossible to get additional
supplies, but, without any notice or warning except a few hours perhaps, their
customers are told that there will be a cutback 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 a state 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 a good 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. It's fsiz to say that there
are large coal supplies, perhaps enough for a couple of hundreds of years. 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 a good
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 a plateau 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 a fairly f'amiliar story that it's almost impossible to complete
a nuclear plant. It, is vezy hard to get one started. And. even if you do get
one started, there are many> many hurdles before it can be completed. A series
of operating licenses are required, in addition to numerous regulatory delays
accompanied by orders requiring installed equipment to be tom down and replaced
with sorrething else. This is a process politely known as "retro-fitting." The
contractoz s have their own pzoblems building the plants, partly as a result. of
the retro-fitting problem, and they too are delayed. As a result, it takes
about twice as long to build a power 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 own estimates 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 ca1culations f' or oil use, has
assumed that coal would be burned. at the rate of' about 800 million tons a year
by 1980, and. that 120 thousand megawatts of nuclear capacity would be completed
by that date. We are not nearly as optimistic on either of those assumptions.
According to either the petroleum industry's assumptions, or our own, there will
be a very considerable shif't to oil, because there is no other place for the
def'icit in enezgy use 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 progrsrrr ~ Qr if the consumers who 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 milli. on barrels a day,
of which about f'ive milAion are imported. Over 9Pjo of the oil used in the
power plants on the East coast is imported. That's not a very comfoz table 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 a part of a conf'lagration
in the Middle East due to bargaining between sheiks or other rulers of the oil
produci~ countries. It's very easy to 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: "Shou1d
we open up the gates to provide competition?" We don't have much choice about it,
anymore. There was an announcement in the papers today that the President is
raising oil import quotas by another 400,000 barrels a, day. You will see further
announcements of that. sort. Our estimates are that by 1980 we wiAA be importing
about as much oil as we are using today, and our imports then. will be 16 million
barrels a day. Of ths.t, about ! million barrels will be coming from Western
Hemisphere sources and about ll million barrels will be coming from the politically
volatile areas of North Africa and the Middle East.
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Limited Su lies

Look at the implications of that kind of dependence on oil imports. Only
a few years ago we were an oil exporting nation, we weze rich in energy. Me
had flush fields in East Texas. We passed a lot of laws in the 30's to prevent
overproduction of oil because it was wasting our resources. The states limited
the productivity of their wells. Now there is almost no excess production of
oil--we have no elbow room--there is no fat anymore. At the time of Suez, w'hen
supplies were interrupted to the Western World, we could increase domestic
production because we had some spare capacity. That's gone now. In another
Suez, rationing would be inevitable. So you have a very, very ticklish, risky
situation so far as national security is concerned.

By 1980 I also expect we will be spending about 20 billion dollars a year
f' or oil impozts; and our balance of trade, which has already turned negative
 partly as a result of' the increases we are already making in oil imports!,
will be that much worse. How are we going to maintain our international trading
position in these circumstances'?

It's obvious to me that 20 billion dollars a year for oil is going to be
a very damaging thing f' or this country to suffer. And perhaps even more serious
than that is the question of' the availability of world supplies.

The pzoducing countries of the world have been gradual1y increasing their
royalties> theiz participation, and their share of the profits. They have
begun to realize a certain degree of affluence, so their trading and bargaining
positions have improved. No longer are they dealing from desperation. Kuwait,
the other day, said it was not going to increase its oil production, that it
didn't want more money faster. It wou1d stretch ouQ its reserves and. hold pro-
duction. steady at 3 million barrels a day. I think you will see more of this
throughout the wozld. The rate of growth in oil use is faster in the rest of
the world than it is in the United States because they are economies at an
earlier stage of development and their rate of gzowth is quicker.

A combination of declining resources in some of these countries, a
stabilization of production in other countries, an expanded demand in Europe
and throughout the rest of the world., are all going to make it very hard for
us to find this ll million barrels a day by 1980. There will also be a 1985,
a 1990 and a 2000 and I just don't have the courage to project these figuzes
that far.

One of the most worzisame things beyond. the shifts from gas, coal, and
nuclear energy to oil taking place is the very ominous shif't from gas demand to
electricity that's just beginning to appear because the controls on gas use az'e
f'airly new. Now we are starting to see people who would otherwise put in gas
switching to electricity f' or many of their uses and processes. None or very
little of this is included in. forecasts of load, For instance, the Public
Service Commission held a meeting with the executives of all the power companies
and gas companies last week in New York City to try to appraise this factor. One
or two companies said they had taken some of this into account, but most had not.
This is s. new phenomenon.
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lt 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 now that will be ready by 1980.

Our estimates for electric power next summer  this state now hits an
overall summer peak which is worst, downstate!, indicate there will be a
negative margin of reserve unless some plants which we don't expect to be
on the line by then are unexpectedly completed early. I don't expect, this is
going to be a ca,tastrophic summer, but I think we will see brownouts in
New York City, and possibly in some of 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. I hope that is some comfort to you. It is very little to me
because I 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 shif'ts 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.

Many people 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~/o of the GNP and fairly stable at that level. I 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 app1iances that, are so non-essential?". I must admit to a constitutional
objection to the kind of a zegime 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 b1anket, 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 a year, a thousandth 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. Some people who work themselves up to a great 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 hea,ting 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 show up substantially in the totals.
These are the things that affect your standard. of living. Some people say
why not use inverted rates--why have rates that go down as you use more energy.
Let's teach people a lesson. Iet us charge them more per unit;, the more they
use. The trouble with that is, aside fram great difficulties in administration,
it means the abandonment of price as a director 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. I favor eliminating
promotional rates, and the Public Service Commission has done a lot to eliminate
them. But the electric power industry is a prime example of the economies of
scale whereby costs go down with 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 1ess. If you have a larger generating machine you produce
power at s. much lower cost than with a small machine.

If you don't recognize these cost fundamenta1s you get a, lot of strange
results. For example, if you charge a manufacturer more per kilowatt hour,
the more ki1owatt hours he uses, when in fact it costs less and less the more
kilowatt hours he uses, you get to a point where he says "I' ll put in my own
generating station.." It's less efficient than that of the power company, it
produces more po1lution, but it enables him to get away from a bad 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 I pay two or three times what energy costs to produce here when I
can go to the next state where they price it in relationship to cost and can
buy it there at a much lower rate. A great deal of the industry and employment
upon which our state economy depends would 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 homes for 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 on1y about half the energy they do now. You could avoid fixed. windows
which make it impossible, even in pleasant weather, to let the outdoors in.

There are even greater savings available in the transportation field if we
could have sma11er, more efficient cars running at an average of 20 miles to a
gallon. The miles per gallon for automobiles has been declining from year to
year, a few yea.rs ago it was over 15 miles per gaLlon, now we get about 13 3/4
miles to a gallon. Ve could save about 3 million barrles of oil a year 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 much energy as the less satisfactory ones.
This is a grea,t area for energy saving.

We could do a lot, 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 a very substantial savings. With all of that we might bzing down sub-
stant,ially the rate of growth in total energy use~ now about 4.2'fc a year. Zf
we could halve that--this would make a tremendous difference in the extent, of

our desperation in the energy picture. I think we ought to be working toward
that goal.

Let me bz'ief1y tell you some of the things I think 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.

Rea1it, 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 a locus here on earth, and that the neighbors of
the power plants may not be happy. I know when I worked for TVA, as I did for
almost 25 years, we took it foz gz'anted if we weze building a dam there would
be some unhappy people whom, if necessary, you moved with the aid of a judicial
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 don't 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 a full
opportunity to present their posit,ion 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 dri1ling, and more lease sales by the Department of the
Interioz on terms assuring that the oil companies won't sit on the 1eases but,
will drill. We need more research, especiaU.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 e now spending. We need to deve1op 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 I would like Co say--one is that even
on environmental questions we can.'0 have perfect, answers. It's obvious that
s,s our society grows we must pay more and more attention to the environmental
impact,. }3ut we can't go back Co 1619. The Pijgrims are off the boat, and
they have had children. We are now a society of over 200 million people, and
we wi11 ncvez have the degree of pristine purity in our atmosphez'e that
existed 3z0 yeaz.s ago. Each increment of improvement becomes more and moz e
expensive--you pay moze and more to buy less and. less. I think we need common
sense to determine where we stop. You can go fzom oil with 2'fo sulfuz Co 1$ oil
for so much pez unit of improvement~ but when you go to 7/10 percent, sulfur
removal becomes more expensive; when you go from 7/10 to 3/10 percent that
"tep costs you about five times as much per 1/10 percent of su1fur as the
initial step. And, if you go below that you are paying so much for just that
one-tenth of 1'fp improvement  as cctmpared to the many things that ouz society
should be spending money on! 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, I think we need a benefit-cost approach: is it worth it at
each stage?, how can we best spend our money?

I want Co repeat that I don't 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 a thriving, not in a
prostrate, society.

Question

I' ve got to be brief but I must say that I found your comments a backlash
approach. The environmentalists have been saying "Look, there are certain things
that bother us very much. We see emphysema rates 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, and we' ve got to somehow level 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 a cry 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 a much broader, more fundamental concern.

One of the things I'd like to comment on is that I noted very carefully in
a11 aspects of your talk on energy you eliminated any reference to solar energy
and we have spent about 20 years  and correct me if I'm wrong! and. 2II billion
dollars in nuclear energy research and development in this country. At the
present time this is giving us about lg 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 now be producing far more than 1'g of Che electz ic generator capacity.
Bo here's an alternative that has, I presume for some reason, been deliberately
omitted fzom a11 your listed priorities. I want. 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? Why did you omit it?
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~Res ense

I evidently didn't make myself clear. 1 favor tapering off the rate of
growth. What I am saying is that it has to be done in an orderly way, we can' t
Just chop it off--you can't use the meat-axe approach. I made some very specific
and practical suggestions on how to do that and I believe these aze as advanced,
as practical, and as realistic as any that have been presented. I listen to a
lot of rhetoric about how to level off the ra.te of growth but very few practical
suggestions. I have devoted, and. asked our staff to devote, intense labors to
try and develop a practical way to do this without disrupting Amezican society.
I made some suggestions on how to do it and. I favor more a,s we go along. I
agree with you that at some point we must level off but I think you will have
a catastzophe if you try to chop it off--there must be a transition. The
whole point of what I said is that we must cut down on uses of enezgy--I tried
to explain how desperate our situs.tion is becoming. We must cut down on uses
of energy and I think this involves cutting down ultimately on the part, of our
growth that represents the products of society with a large energy input.

On solar energy I 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 problems. The heat source is so
diffuse that it would take many square miles of some heat absorbent material
to get any substantial amount of electricity. You would have to cover over ~,
large area.

Moreover, it isn't a steady source, Obviously, you don't get solar energy
at, night and you don't get it when it. rains so you have to thiiA. in terms of
areas like desex ts--of high heat intensity and of fairly reliable sunshine and
even then you may need to couple it with some storage arrangement. I think
you would find a, lot of people who would obJect to having our desex ts covered
over mile after mile with these heat absorbent structures. Every time you look
at some way to eliminate one kind of environmental problem you get into another.

At any rate I understand this is something we couldn't possi'bly rely upon
as a practical source of large scale energy input for a long time to come. As
a laboratory curiousity, as a kind of thing that you use without regard to
expense, on a lunar probe--certa,inly, it's been demonstrated. But as a, practical
way of taking care of the needs of Oswego or New York City, it is very, very far
off--a generation or so--even if the breakthroughs come. In the meantime we must
look to technologies which are further developed. Nobody claims to have any
ideas as to how you could build a solar power plant today. I favor using some
of our research money for solar energy--I believe in it, but I think we must use
our z esearch money in other directions too.

~cation

Will or would a major decision on reliance on mass transit have significant
influence on uses of oil'?
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Ycs, I think it, would. And I think one of the things we need to 6o is
to plan our cities so they don't require as much transportation. Ny own view
is that rationing is coming. I just, don't see where we are going to get
i~definitely the energy inputs our society now seems to require, at least,
until there are major technologica1 breakthroughs.

Let me say one more thing and then I 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 a church 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, when people 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'0 appropriate under some circumstances, but
I do 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 a house, cuts down the
trees and destroys property, and I don't think that a power plant is any
different except that it is worse. You can minimize t;he environmental im-
pact--and we should. It should have the absolute minimum environmental
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 a moment a hypothetica1 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. He knows bis job, and does it, in a few minutes. Total sa1es gz'ew 7,35'~",
per year for the last five years from 1959 to 1964-. So he predicts total sales
will gzow 7.35jo per 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 I before leaving for lunch  omitting, of course, the actual
sales for 1969 and 1970!.

Seven years pa,ss, a time of war and rebellion, inflation. and unemployment,
increasing affluence and hardening poverty. In early 1972 be recaU s that pre-
diction, an! decides to check it against, actual sales as reported in the Statistical
Year Book.~l Actual sales were 1.31 trillion kilowatt hours in 1969 and 1.39 in
1970. Our analyst calls a friend 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
and rapid inflation  which economists believed to be mutually exc1usive!, and
conclude that economists could learn something from them about prediction. Total
sales, they agree, will grow to 11.82 trillion KWH in 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 demand have 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 indeed it has not already!, and
it seems unlikely that, electricity demand will behave as nicely in the fzzture as
it has in the past.

First, we note that population and disposable persona1 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 a more re1evant income
variabj e, and. we note that here too theze has been a nearly continuous increase
since the war.
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I» addition, the average prices that consumers, business, and industry have
paid for electricity have fallen since the war, and this has happened while most
prices were increasing.

When we consider the past relationships between electricity prices and the
prices of competitive goods, we see that electricity has become an increasingly
better buy since WW II. Figure 2, for example e, shows how average industrial
electricity price has declined relative to capital costs as measured by the price
index for nonresidential fixed investment. This picture is equally true for
other factors. The average industrial and commercial electricity prices have
fallen relative to unit labor costs, natural gas prices, total energy prices,
and overall wholesale prices. The average residentia1 electricity price has
declined relative to overall consumer prices, natural gas prices, and. fuel oil
and coal prices.  These patterns are shown in the appendix!. All of these ten
relationships have changed. in a generally smooth manner, and. all of them are
causal factors in increasing electricity use.

The influence of the prices of complementary goods is the same. The cost
of electrical machinery for business has declined relative to overal1 wholesale
prices since 1959> and the cost of household appliances has declined relative
to overall prices since 1945.

To summarize, population, income, electricity prices, the prices of goods
competitive to electricity, and the prices of appliances and machinery using
electricity have a11 changed, in directions which result in greater electricity
demand, and each of these changes has been. generally smooth.

Further, this pattern is essentially the same for all areas of the country
for all consumer classes f' or the entire period since WW II.

The electric utility industry is to be credited. for meeting our expectations,
We have had accelerating consumption at a nearly constant exponential rate, a
genera1ly firm supply, and declining prices.

However, it seems likely that the factors causing this past growth are in
the process of rapid change, and in the near future we are likely to see these
factors pointing in different directions and changing at different. rates than
they have in the past.

If this divergence of causal factors from past patterns does in fact occur,
it seems clear that electricity demand growth will depart from past pat,terns.

The primary effects would seem to be a reduction in. the growth of consumption.
of metal products  including cars!, plastics, chemi.cals, drugs, petroleum and
gasoline, man-made fibers, and, cardboard and paper products.32
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In residential use, retardation in demand growth would probably affect
growth in air conditioning, electric ranges and heating, lighting, clothes
dryers, and possible electronic appliances.

Three forces are likely to modify future demand growth. They are
�! noticeably increased cost of' envrionmental protection f' or one or more
stages of Che generating process for each method of 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
demand to determine the likely values and reliability of quantitative esti-
mates of these different influences and. the time path of response of electri-
city demand to changes in these factors.

The last section analyzes various administrative, legislative, and social
policies in the context of available information. on Cheir likely consequences.

II. Quantitative Analyses of the Factors Influencin Electricity Demand:

An Appraisal.

In the previous section, five different factors are assumed to be responsi-
ble for the growth of the quantity of electricity consumed. These factors are
population, income, the prices of electricity, prices of competitive goods such
as substitute fuels, and prices of complementary goods such as electrical
appliances. Although the directions  positive or negative! of the relationships
between each of' these variables and demand can be described from economic theory,
the relative importance of each factor can not be determined. The major objective
of most quantitative analyses of electricity demand is to estimate a magnitude for
each relationship. These estimates can then be used Co predict the impact of' a
specific policy change on the quantity of' electricity demanded. For example,
suitable estimates wou1d provide a guide to answering the following questions.
Will the reduction in electricity demand be large or small if a tax on sulphur
emissions results in. a f'ive 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 Che relationship between a
variable and demand is measured as an elasticity.+3 Hence, one objective in a
quantitative analysis is to determine accurate estimates for the ela.sticities
of each variable.

Another consideration that should be discussed concerns the adjustment path
through time of the quantity of' electricity to changes in the explanatary variables.
As electricity consumption is related to the stocks of electrical machinery and
appliances, and the sizes of these stocks reflect past as well as current decisions,
the current quantity of electricity demanded is 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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F IGURE I. PREDiCTING THE fUTURE FROM THE PAST
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It, is possible to estimate both the short run elasticity  the response
that, occurs in a single time period! and the long run. elasticity  the response
after the adjustment process is completed!. However, relatively few studies
of electricity demand consider the time path of response.

Table I summarizes our view of likely short run and long run elasticitjes
for selected major factors. These estimates are based upon other studies&
as well as our own wor~5 Given the difficulties in analysis discussed here,
making such estimates is clearly a risky affair at present. The reader is
given fair warning: Table I 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. Summary of Electricity Price, Income, Population, and Fossil Fuel
Price Elasticity Estimates

Price

Influences
Long Short
Run Run

Income

Influences

-1.1 Rising
Income

Lowers

-0.1 Rising
Price

Raises-0.2

-0.3 Price
Elasticities

Price
Elasticities

+ .6 + .08Income

Populat ion

Fossil Fuel Price

+ .9 + .1

+ .Ol+ .1

Electricity Price

Residential

CommerciaI

Industrial

Rising
Income

Lowers

Income

Elasticities

Rising
Price
Lowers

Income

Elasticities
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III. Implication for Legislative Administrative and. Social Policy

A. Internalizin Kxternalities.

This phrase is usually used. in. the sense that 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
damage from 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. Me may consider general cost increases or the cost of specific
protection activities; we may attempt, to analyze consequences on 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 demand response 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 demand in 1Vew York in each of the major classes to the
increased costs that would follow the implementation of a Federal sulphur
emission tax.j~ In some ways this is more difficult than an examination of
general cost, increases. It. was desirable to work with 39 economic and engineer-
ing variables over a twenty year period. The results for the projections for
1990 for New York are of some interest, and are shown in Table 2.

Some surprises are evident. First, as expected, a tax 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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Tab1e 2. 1990 Projections f' or New York without and with a Federal Sulphur Tax

Case BCase A

Generation, billion KWH

276.9 271.9Total

32-5

49. 2

Coal

Oil

153.5Nuclear

New Generation, billion KWH

176.5

24.2Oil

145.1Nuclear

21

.269.271

.1001, 000

.027.271

Damages, tax, control costs,
million dollars/year

$157

0

Damage to New York

Change in damage

5.4

64.0Control cost

Damage plus control cost 80157

69.4

.026

Tax plus control cost

Tax plus control cost, cents/KWH

1970 average price plus tax and
control cost, cents/KWH 2.001.97

Source: see text.

New nuclear planta, 1000 MW

Sulphur, million. tons

In coal and oil

Proportion emitted

Sulphur emitted

181.5

24.9

149.2

32 ' 5

48.5

149.4
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The second study began from a different point of view.J~ We postulated
different sets of assumptions for 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 cases reported in Table 3, population and per capita
income continue to grow at past annual rates of 1.3'$ and 3.9$ respectively.
The change in direction in cost pattern in Cases D, E, and F show significant
reductions in demand growth. Similarly, if prices should fall rapidly over the
rest of the century, demand growth may accelerate.

In summary, we can conclude that internalizing some specific costs such
as sulphur removal may not noticeably affect demand growth, while a general
policy of internalization may result in substantial modification of demand growth.

B, Efficient Environmenta1 Protection Now Means Fewer Future Problems.

This is essentiaU.y a restatement of the preceding discussion from a
different perspective. It means that 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
quantitative ana1ysis 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, at a given time of day or year, generally
charge large users less per average KWH than small users. The last KWH wi11
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  I! 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, �! most public and private utilities
and. the regulatory agencies expect efficient management to produce and sell
electricity at minimum cost.



Tahle 3. Effects of' Internalized Environmental Protection Cost on Demand Growth

Total

Generation

trillion KWH

Prices

Industrial

0.95!/KWH

Residential Commercial

2.10$/KWH 2.0k!/KWH 1.5

-2.1$/yr.

l.llg/KWH

-2.3$/yr.

1.00!/KWH

-1,4//yr.

0,62$/KWH 11.5

-4.2$/yr.

0.58!/KWH

-4. 6$/yr.

0. 48!/KWH

-2.8$/yr.

0.40'/KWH 35-"

0

2. 10$/KWH

0 0

2. 01 g/KWH 0. 95 g/KWH 4.0

1. Rate of' change
�'g of 1970 price
per year!

3.36!/KWH 3.22!/KWH 1.52$/KWH2. 2000 levels

Y. Rapid Price Increase

1.7

1. Rate of change
�'$ of 1970 price
per year!

5.25!/KWH 5.03!/KWH 2.38!/KWH 0.72. 2000 levels

Including other uses and losses

A. 1970 Levels

B. Moderate Price Decline

1. Rate of change

2. 2000 levels

C. Decline at Past Rate

1. Bate of change

2. 2000 levels

D, Level at 1970 Value

1. Rate of change

2. 2000 levels

E� Moderate Price Increase

+ .420 milks/ + .402 mills/ + .190 mills/
KWH/yr. KWH/yr. KWH/yr.

+ 1.05 milks/ +1.005 mills/ + .475 mills/
KWH/yr. KWH/yr. KWH/yr.



Tnverted peak demand rates are connected to environmental protection in
two ways. First, peak load. units, whether pumped storage capacity or small fossil
plants, seem to have a higher than average environmental cost per KWH. Second,
in. some areas environmental controversy surround,ing new plant sites has restricted
capacity growth, thereby increasing the peak demand capacity problem. Advocates
of inverted, peak demand rates see this as a partial solution to both problems.
Higher rates for higher levels of use are expected. to reduce the need for new
plants by load levelling. These rates are expected to reduce air pollution from
existing fossil peak capacity units. Finally, inverted rates are expected to
reduce the peak load stress on system capability, thereby decreasing brownouts
and voltage reductions.

The research described here indicates that. peak demand would decline if
peak demand rates were increased. The viability of this policy as a solution to
short run problems must be qualified by the delayed nature of response as discussed
below.

E. Social Policy: Po ulation and Income Growth

It would. be folly to suggest that electricity demand dictates population
and income decisions, but the reverse relationship has been and will. be important.
Although electricity demand has grown much more rapid1y than population or per
capita income  and much faster than the product of the two!, Table 1 indicates
that these factors will influence future electricity growth. It is unlikely that
ZPG and ZEG will commence today but it is possible that future growth in both
population and income will be less than it has been since WW Il.

One of our proj ections in the national study discussed above assumed that
population growth would begin this decade at its past growth rate of 1.3$, but
slowly fall year by year until zero growth occurred from l999 to 2000. A similar
assumption was made with real per capita income, so it rose 3'fp this year, but the
growth rate slowly declined until zero growth occurred in. 1999-2000. We added 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.ssumed to 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 ll.g trillion KWH generation.
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Tl>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 a lagged response in electricity demand to changes in these
factors. Each of the types of demand response discussed in this section shou1d
be envisioned as having a small but perceptible influence in the year of  or
the first year following! the change in the causal factor. We are as yet
uncertain of the length of time necessary for most of the full cumulative
response to occur; a range of 3 to 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<antial1y
revised in the next few years. Nevertheless, there is sufficient information
available to conclude that future electricity demand is not deus ex machina,
but the sum of predictable responses to many separable choices.
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ASSUKPTIONS AlVD BASIC PRECEPTS OF CONSERVATIONISTS

Address by Alfred W. Eipper > Associate Professoz
Department of Natural Resources

Cornell University

The professional background of a great many conservationists is biology.
Hence a number of the assumptions and. precepts to follow are based on biological
truths. For the same z'eason., many of them presuppose a long-time frame. Biolo-
gists tend to think in terms of decades and centuries, feeling that, because
biological and population changes take 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 has a "feel" for exponential functions, which tend to be
the kinds of processes where deterministic action can only be effective near
the beginning--toward the end of an exponential process, changes are likely to
be taking place so fast that any useful action. then is impossible.

So much for the introduction; here are some of the conservationists
assumptions and precepts:

Carr in ca acit . Every environment has its saturation. point: Tasmania
can only support so many sheep, the Adirondacks only so many deer, Lake Ontario
only so many fish, and any particular part of the earth only so m~~ people. Yet
man, alone, of all the animals, has not expezienced environmental saturation--yet.
He alone does not know what it. means to reach the carrying capacity of the
environment, and this may be his Achilles' heel. If he is to forestall it, he
has to be able to foresee it.

The conservationist assumes that growth is not necessarily good: growth in
population, growth in life style, growth in numbers or sizes of automobiles and
highways, etc. Furthermore, the consezvationists usually would assume that growth
is not necessary to man's welfare. They would even go a large step fuz ther and
postulate that, indeed., continued growth, indefinitely, is not, possible. Popula-
tion in the United States is doubling evezy 65 years--every 35 years in the wozld
as a whole, and this trend has remained unchanged throughout most of this century,
including the past three decades. Growth of electrical demand is also steady.
Electrical demand is doubling at 1east every ten years, according to utility
company experts. Per capita electrica1 use is increasing five times faster than
the popuj ation in this country, and each of us can ask himself the question: Will
I need lg more electricity this next year than this year? Why did I use HFjo more
electricity this year than I did. 1ast? This is what is happening, but the answers
to this question are complex and. go far beyond. simply blaming industz ialists for
promoting electzical use and. electricity-using products.

The conservationist also assumes that growth pzojections  predictions! are
subject to change, that they must be changed, snd. that the change won't start
until we start looking into means of changing growth. This in turn requires
critical examination of reasons behind the present growth patterns,
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Conservationists have some hard-core convictions about the decision.-making
process too. They believe that decisions about managing natural resources and
energy resources must be public decisions, not unilateral decisions by any
particular interest group. Thus the 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 company, or only by the Public Service Commission,
or only by the conservationists. As to how decisions are made, conservationists
believe that they must be based on a rational 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 more farsighted conservationists have now realized that
decisions cannot be made in a one-at-a-time sequence. Take Lake Ontario, for
example: Do we simply look at the pros and. cons of one power plant a.t a time
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 sump for. The effect
of one power plant or a lake the size of Lake Ontario 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 a time, we neatly avoid facing up to that question.

Conservationists also have same pretty 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
a right to a high-quality environment; no one has a right to pollute. Values
imply payment in 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
sewage treatment, 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 a related question; Who pays
for mistakes in judgment? We have seen too many ecological boomerangs, long,
lasting uncorrectable environmental damage from human actions when the results
were unpredictable a.t the time these actions were taken. DDT, mercury, FCB's,
acid rainfall--these are only a few 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 man achieve some
steady-state adjustment to his environment.



I'inally, the conservationist has some well-defined assumptions about the
effects of a technology on the environment, based on looking back at all of our
pa.st experience with ecological boomerangs. Some of these are;

l. It is not a 50-50 chance that disruption in an ecosystem will have good
or bad effects on that ecosystem. Anymore than it is a 50-50 chance that a
blindfolded man poking a pencil into the works of a Swiss watch will improve or
impair its operation., Both the ecosystem and Che Swiss watch are extremely
complicated mechanisms Chat 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 a lake 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. The ill 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 f'rom scientific investigation, but it is extremely
hard to prove them because the interrelationships are so many and so complex.
In similar fashion, no one will 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 some smokers who don't die of lung cancer, and
some non-smokez s who do.

4. The preceding leads to a fourth assumption about pollution prob1ems:
waiting for pollution damage to become clearly measurable before taking steps to
correct it has been proved an untenable approach. There is a great 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 damage the environment, rather than on the users of that
envizonment Co prove the technology will damage it.



-57-

?, We must employ the principle of' prevention---"a stitch in time saves
nine," and so on. When anything can be done to forestall possible ill effects
of' a technology on an ecosystem, in light of the preceding precepts, it should
Ie done. This is not rea1ly such a startling assumption. Technologists employ
it routinely. An engineer who is building a bridge always uses an I-beam five
to ten times stronger than the maximum stress his mathematical planning tells
him this beam will ever have to withstand, Why? Because you a1ways build in
a safety factor, to provide for possible unforeseen eventualities. And it is
simply this safety factor that conservationists insist upon in the environmental
problems they are embroiled with on Lake Champlain, Cayuga Lake, Lake Michigan,
and Lake Ontario, to name just a few.

To sum it all up, a group of conservationists in the Chicago area came
up with a bumper sticker to express their basic approach to the management of
that most valuable resource, Lake Nichigan:

DON'T DO IT IN THE LAKE'f


