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WATER RESOURCES A

14 November 1960

CAPT. GALLAGHER: General Mundy, Gentlemen: To discuss
the supply and deﬁiand of water in the present and in the future, we have
with us this morning Mr. Irving Fox, of Resources for the Future, Incor-
porated,

Mr. Fox, it's a pleasure to introduce you to the Class of 1961 of
the Industrial College of the Armed Forces.

| MR. FOX: Thank you, Captain Gallagher. It's a pleasure for me
to be here; and I must say that I'm quite honored by such an illustrious
audience, 1 didh't realize theré would be quite so many. I have heard
for a number of years about the programs here, but this is -the first time
I have had an opportunity to visit this group,

I think that I'll take just a minute of your time to tell you a few
things-about Resoﬁrces for the Future. I have arranged with Captain
Gallagher to distribute some qf our literature--a bulletin that we issue; -
and also permit you to get in touch with us, if you wish, to get on our
mailing ligt and receive some of our information,

Resources for the Future is a non-profit organization, a foundation
that was established about seven years ago by the Ford Foundation, All
of the financing_ that Resources for the Future receives comes from the
Ford Foundation,

We have an income of about a million dollars a year, Roughly, half

of this money is used to finance our central office staff. The other half




is used as grants to colleges and universities over the country,

Our mission is research and education in the field of natural
resources. We deal primarily, at least in the period of our history so
far, with the social sciences--the application of the social sciences to
natural resources, We have been primarily concerned‘over the last few
years with the question of, you might say, the supply-demand outlook for
natural resources--minerals, energy, land, water, and so forth. And
it's from this sort of background that I speak to you today about water
resources, and particularly water resources in the United States,

I'm going to begin this by reading a little note that Abel Wallman,
whom I'm sure many of you know or have heard of, brought to the atten-
tion of a number of us some years back, It's a quotation from the Phila-
delphia Monthly Magazine of 1798:

"Pure water is the best drink for persons of all ages and
temperaments. By its fluidity and mildness, it promotes a free
and equable circulation of the bicod and humors through all the
vessels of the body, upon which the due performance of every
animal function depends. And hence water drinkers are not only
the most active and nimble, but also the most cheerful and springly
of all people. But to delicate and cold constitutions, and to persons
unaccustomed to it, water without wine is a very unproper drink. "
Before beginning, I want to make one other comment here, so that

you can take what I say with an appropriate grain of salt; namely, I am
not an engineer, I‘am not in a good position to angwer questions in the
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field of engineering, My interest and experience have been primarily

in what you might call the policy and economic aspects of water develop-
ment; and it's in that area that I hope, if at all, that I can make a contri-
bution,

I'm going to begin with a quotation from a prominent Government
official, whom I will not name; but I think it serves to provide a setting
for the comments that I have to make today, This comment is ag follows:

"One of the most serious political and social problems of

the next twenty years may be the universal concern of how to get

good, iresh water to meet our growing demands, It is estimated

that the tqtal average fresh water supply that is usﬁble in the United

States is about 515 billion gallons per day. We are now using about

290 billion gallons a day for all purposes, or about 55 percent of

the total water available, Picture, if you will, the problems we

will face in 1980, which is just 20 years hence, for by that time it
is estimated that we will be using about 600 billion gallons per day,

It doesn't take much of a mathematician to figure out that we will

be short about 85 billion gallons of water unless totally new sources

of supply can be developed. The most likely sources, obviously,

are th&?eat oceans and the vast reserves of brackish and saline

water."
This; 1 believe, is a very popularly and widely held view of the
nature of the water problem in the United States; and, in my judgment,
it is a misleading and inaccurate view of the situation that we face in the
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water resources field, One of the major objectives of my lecture this
morning is to give you what I hope is a more accurate understanding of
the water situation in the United States. Specifically 1 hope to do the
following:

First, I would like to provide a general picture of water use in
the United States in recent years,

Secondly, I would like to describe to the best of, I think, our current
information, as far as our current information will perl;nit, the water
supply demand outlook, And in that presentation I hope to contrast the
situation in the arid and humid regions.

Thirdly, I hope to outﬁne rather broadly the nature of the water
development and management problem confronting us in the next couple of -
decades,

This is a difficult and a risky task. It is difficult because I am
trying to cover a lot of ground when talking about the water situation in
the United States as a whole. It's risky because water problems are localized.
When I speak in general terms, almost everyone can provide information
on specific localities that will demonstrate that I am in error, Also
much ;)f the data one would require for the type of analysis 1 wish to
present is deficient.

First, when we talk about water uge in the United States, we run
into a problem of defining use. When we speak of water use for irri-
gation, we mean one thing, When we speak of water use for recreation,
we mean something quite different, Domestic use is still a different
kettle of fish, Navigation is still something else, Hydroeleciric power
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production is different from any of these.

Although these uses make incompatible demands upon the same
supply, how can they be aggregated in a meaningful way? How can we.
put together a total picture of the water supply and dema;ad situation ?

- This problem is further complicated by the fact that we have v;ery
little historical data on water use in this “country. Actually, the estimates
that are of any real value begin in 1950. There had been some eariy
estimates, . runﬁiné back to 1900; but the;-se are, I think, of questionable merit,

Because of thege problems, it is irnpracticé.ble,to set forth a rigor-
ously defined statément of use, even for recent years. We have hope--
and this, I believe, is based upon recent studies that are now in process
and - - well along--that within a few years we will be able to add up
water use and relate it to supply in a meaningful way.

Fof the moment, however, we must content ourselves with what
you might call indicators of use, And this, I believe, is one of the errors
in the statement that I have read to you. It t-ook indicatots of use and
considered that as the actual use of water, We were talking about water
used when it was really wafer withdrawn, And, as all of you know, much
of the water that is withdrawn is returned to the water .course and is
subject t§ reuse, |

Now, most of the data on water use relate to withdrawals from
underground and surface sources. Such data can be mislieading, because
most water withdrawn is actually returned and available for re—ﬁse, as
I suggested, I will give you some indication of what these proportions
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are,
| For irrigation, roughly half of the water--this will vary from a

third to nearly two-thirds--roughly half of the water is return flow, as
we use the term in the western states, And, as all of you know, I am
sure, at least manjr of you do, that return flow is always taken into .
account in calculating the availability of water for western irrigation
projects.

Whenf w.vater is used for steam electric power cooling, roughly
98 percen: 111; returned to the water course, For most industrial pur-
poses about 90 percent of the water is returned to the stream. For most
domestic uses about 90 percent of the water is returned, although this
varies from west to east, depending upon how much of it is used for
lawn watering, in other words, irrigation purposes by the householder,

Let us turn now briefly to what these quantities are. I want to
remind you first that in the United States, average annual runoff runs
about 1100 billion gallons a day. Today, or in the most recent data that
we have, using 1955 data because these are the most recent estimates
that are available--in 1955 it was estimated that irrigation used or with-
drew from watercourses about 110 billion gallons a day; for municipal
uses about 19 billion gallons a day; fuel electric power 60 billion gallons
a day; and for other industrial purposes roughly 32 billion gallons a day,

I have put some of these figures over here (indicating easel), to
give you some of these relationships, This ig irrigation. Here is fuel
power, Here is industrial. Here is municipal. You can see that
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irrigation, which is water used in the arid regions of the country, is
the heaviest water user if you measure in terms of withdrawal. Fuel
power comes next, indusirial next, and municipal here,

In other words, in 19556 we were withdrawing from watercourses
something over 220 billion gallons per day for all purposes, which, as
you can readily see, is about a fifth of the average annual runoff of the
United States,

Now, there is another figure that is interesting here, ‘Net consump-
tion, or evaporation and transpiration to the atmosphere, was congider-
ably less. It has been calculated by a former member of this body in an
earlier program that about 72 billion gallons of water was the net con-
sumption in 1955, compared with, you might say, an averagéfznnual runoff
of 1100 billion gallons a day.

There is one other interesting figure here that I think you should heve
in mind--that of this net consumption of about 70 billion gallons a day,
roughly 50 billion gallons were consumed by irrigation. In other words,
in terms of both withdrawals and net consumption or evaporation and trans-
piration to the atmosphere, irrigation,which takes place in the western
part of the country where the water supplies are most deficient, uses
the most water,

In order to illustrate this geographically, I have set up here a map
which shows the average annual runoff by the major basgins in a graph form.
It shows withdrawals and net consumption, I want to cite a few of those

figures here (walking over to map).




Here we take the Southeastern United States, A very large amount
of average annual runoff here, in this green line, The orange shows
the withdrawals from watercourses in this area, And a little narrow
black line down here illustrates net consumﬁtion. Ewven in the industrial
Northeast here you find this much runoff, this much withdrawal, and
this much net consumption,

Over here in the West I think you begin to see how the picture
changes. And I use the Colérado River Basin, the Great Basin area,
to illustrate this most sharply. Here you have the green line actually
less than the total withdrawal, which illustrates my point about, first,
returning flow, and in this particular case there is an over-use or
withdrawal from the ground water area down in Arizona that exceeds the
rate of recharge, So here you have net consumption nearly, well, roughly
two-thirds of average annual runoff in that particular part of the country,

Now, this is only part of the water picture. There are, of course,
other kinds of uses. And, as I said earlier, it is extremely difficult
to provide data on these uses that can be added to withdrawals or to net
consumption dat@, And to go into this problem I would like to turn to
the ‘second major part of my lecture this morning, and that is with regard
to the supply-demand outlook,

I think that the best work that has been done on the problem of
'aggregating use in a meaningful way and comparing it with supply is the
work that has been initiated by a number of us, including Resources for
the Future, in collaboration with a number of the Federal agencies, for
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the Senate Select Committee on National Water Resources. I understand
that you are acquainted with the work that the Senate Select Committee
has been doing; that you are familiar with the many reports that the com-
mittee hasg sponsored.

I would like to draw your attention in particular to Committee
Print No, 32, which is being issued about the middle of December, and
which is not yet available, This study was under the leadership of Dr,
Nathaniel Wallman, of the University of New Mexico, whom we brought
in here to initiate a study of water resources supply-demand outlook in
the United States. He had just gotten under way in laying out the study
when the Senate Select Committee approached us and asked if we would
collaborate with them. By this time we recognized the dimensions of

| the problem and inquired as to whether the Senate Seleét Committee would
help secure the collaboration of the Federal agencies in what we consid-
ered a very large-scale effort, This was done, So what has been pro-
duced so far is a report that reflects the effort of a large number of
pecple in the Government agencies, operating genérally under the chair-
manship or leadership of Dr. Wallman, of the University of New Mexico,
whom we brought to Waghington for the purpose,

What he has prepared is called "A Preliminary Report"” and I would
like to emphasize and underscore the ﬁrord Ypreliminary, " because the
work is far from complete, It does begin to portray, I tl-ﬁnk, a very
interesting and worthwhile picfure; but there is much work yet to be done,

and we have provided a grant to the University of New Mexico now to
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continue these siudies for two years into the fugure.

Dr. Wallman has clasgified the water use into three broad categor-
ies, These are the withdrawal uses, which we have been discussing here
so far this morning; secondly, the on-site uses, which refer to water
required for the maintenance of wet land, for the conservation of soils,
and things of that kind. In other words, it's where water actually is held
and is evaporated or trangpired in the process of serving a particular
function on the land, for the most part. This may not seem very impor-
tant to you. Yet, as we look ahead, we can see tha:z:linservation pro-
grams will use somewhat more water as these programs progress. And,
secondly, there is a great deal of interest in this country, with the growth
of demand for outdoor recreation, that we maintain a certain amount of
swamps aﬁd wet lands for the preservation of wild life. And, again, it's
amazing to see how much water this will require if the programs take
on the dimensions now estimated by the agencies interested in those
particular programs.

The first group was the withdrawal uses, The second we called
the on-gite uses. The third are what are called the flow uses. These
are navigation, power, waste disposal or waste carrying or pollution,
if you will, and recreation, And when I referred to power, I was refer-
ring to hydroelectric power, |

Now, what Dr. Wallman and his associates finally did here was to

say that the total water demand for a region can be expressed in terms

of the minimum flow of a stream or streams required by the flow use
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that has to have the largest flow, plus evaporation and transpiration
losses for the on-_sit;-: uses and the withdrawal uses. Let me explain this
a little further, because I think this concept is rather complicated.

In other words, let.'s take just two or three of these, You take a
basin like the Ohio, You have to have water for, let's say, navigation
and the pollution abatement, The cone of thoge that requires the most
gives you a certain figure, a zertain number of second-feet, or billion
gallons a day, however you wish to express it, Take the largest of those
two and add it to the evaporation and transpiration losses for the with-
drawal uses, which we have described earlier., and the on-sit e uses--

the conservation, wet lands, and so forth--and this will provide you with
the estimate of the demand--the combined estimate of demand upon the
water resources of the region,

Now, = in proceeding with this study, he immediately ran up against
the question as to what is the appropriate amount of water required for
pollution abatement or waste dilution or whatever you wish to call it,
Here they made a quite fundamental assﬁmption that colors and deter-
minés much of the rest of the output of the study.

They assumed that reagonably clean water, with adequate oxygen
to maintain aquatic life, is an objective of national policy. And, to be
mére specific, they assumed that water should be maintained to average
a minimum oxygen content of four parts per million. That is on the
average. They assumed that some places will be less, and therefore

probably cannot maintain aquatic life; but that on the average over the
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region there would be some areas that would maintain better supplies
than this,

Now, the study indicated that to accomplish this objective, even
with a high degree of treatment, but assuming no change in present waste
treatment technology, a fairly substantial quantity of dilution water would
be required in all regions..

On the basgis of a procedure devised by Professor George Reed, of
Oklahoma, it was possible to calculate dilution water requirements by
regions for various levels of organic pollution, The studies indicate--
and this is a crucial point--‘that in pracﬁcalyall regions in the future,
waste dilution demand, based upon this assumed desirability of four
parts per million of oxygen, would be very large,

Further, if this demand for waste dilution water is met, the other
few ﬂoﬁ uses--navigation, etc,--would be, for the most part, satisfied,
In other words, waste dilution requirements became one crucial part
' bf this formula,

Well, so much for the general procedure of estimating the require-
ments. 1 want to go back just a little further,

They were talking about 1980 and 2000, as I think most of you know
from looking at the Senate Select Committee docﬁment. We had made
projections of economic growth at Resources for the Future for another
large~scale study that we have under way, These were basic to the
projections of water requiremen!:sJ and the projections of national growth

for the various components of the national economy were broken down

12




by regions, by water resources regions over the country. Against these
were applied coefficienis of water use, and from these, figures were
derived indicating the amount of water that would be required generally
in each r.egion.

In other words, they projected the amount of water that would be
required by the steel industry for cooling purposes within such-and-such
a region, the amount required for fuel electric power purposes, and so
on, And, based upon the total composition of the populationand indus-
try within the region, they derived estimates of waste water dilution
requirements within that region,

I want to emphasize again that these estimates that come out--
and I'm going to give you some of these in just a moment--are atill,
you might say, of limited vaiue, because they are fairly early in the stage
of the research effort,

I think ihere are two basic limitations of the study at the presgent
stage,‘ and these are limitations that we would hope to remedy in the years
ahead,

First of all, it assumes , the estimates assume, no change in
waste treatment technology., And th:is, of course, as I think all of us will
agree, ig an unlikely assumption. In other words, we should expect
improvements in waste treatment technology in the years ahead in view of
its significance.

Secondly, there is not built into this an estimate of the effect of
price or cost of water upon demand, We all know that as the price of
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water increases, the demand for water declines, But these estimates
assume that prices and costs of water will be roughly the same over the
next forty years; and this also seems to be an unlikely assumption.
Nevertheless, I think the estimates, even in preliminary form, are
indicative and helpful in understanding what we are up againd: in the years
ahead,

Let me give you first some figures on the national aggregate, Iam
going to keep these to @ minimum, because you can get these data out of the
Senate Select Committee report as soon as it is available, We will dupli-
cate some of the material from these statistics, and I will arrange with
Captain Gallagher to make this available to each of you. First, the nat-
ional aggregate, We loolt(A‘]?QBO. Let me show you what the composition
of this demand is in 1980,

The losses from withdrawals are expected to be roughly 120 billion
gallons a day in 1980, This is the evaporation-transpiration losses from
irrigation and so forth, The on-gite losses--this is the conservation,
wet lands, and so on--will be about 70 billion gallons a day, But the
waste dilution flows .refjuired in 1980 will be 332 hillion gallons a day,
In other words, the water required for waste dilution wiil be roughly
60 percent of the total water requirement for all purposes in 1980.

Looking to 2000, you get figures like this: This is again national
aggregates. You get 156 biilion gallons a day as the evaporation and
trangpiration losses for withdrawal in 2000, 97 billion gallons a day for
losses from the on-site uses, waste dilution flows 447 billion gallons a
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day. Again, all of this is looking toward the mainteﬁance of a quality
of water of four parts per million,

To trouble you--and I hesitate to do this--I would like to contrast
what we run into in the West in comparison with the Eagt,

Let us take New England--and I will limit these figures to 1980
because I don't want to give you toomany. I know how they just become a
bunch of figures and lose all their meaning, In 1980, to meet the with-
drawal requirements, we will need about 7/ 10&1 of a billion gallons a day--
this is New England; for the on-site uses--conservation etc. --1,4 billion
gallons a day, waste dilution 12,7,

Now, here this totals about 14 billion gallons a day in New England;
and the average flow that is available, if it is controlled and regulated
through the construction of reservoirs, amounts to about 65, In other
words, in this area you have about 65 billion gallons a day, with a pro-
jected demand in 1980 of less than 15 billion gallons a{day. Or, in other
words, the demand will be less than 25 percent of the flow, even though we are
considering a very large demand for waste dilution purposes,

This is New England, and I think this reflects the kind of situation
that we have in much of the eastern part of thg United States, varying
somewhat from the highly industrialized areas to the less industrialized
areas. We have plenty of water, and there is not, that we can foresee,
any serious problem provided either the regulation is supplied through
the construction of reservoirs, or we find a waste treatment technology
that reduces this demand upon the water,
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Incidentally, we figure that to supply this water for New England,
it would require the addition of about 3 1/2 million acre-feet of storage
above what is available at the present, to provide the flow that I mentioned
here earlier,

We find a quite different situation when we look at the West; and
this I think is essential--that a contrast be made. Here I will use ag my
example the Colofado Rivgr Basin,

The Colorado has a flow that people argue about--and I hope I will
not be qﬁoted on this, because someone will certainly tell me from their
own experience that I am absolutely wroﬁg. But it's from the report,
and I'm sure it will cause a great deal of argument, But it is estimated
that the maximum sustained flow of the Colorado is about 10, 4 billion
galions a day.

Looking to 1980, and projecting the growth in uses that the various
Federal agencies anticipate, you find that there just won't be enough water.
Losses {rom withdrawals are estimated to be about 15 billion gallons a
day. The losses from the on-site uses are about 2,1 billion gallons a
day. The waste dilution loss requirement about 2.2 billion gallons a day,
And that shows a total estimated demand, if we proceed the way we have
been proceeding, of about 19 billion gallons a day, in comparison with
an available supply of about 10 billion gallons a day.

In other words, the available supply will not meet the projected
demand in this arid region if we try to maintain the type of economy and
the pattern of water use which are being anticipated, particularly by the
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public agencies responsible fér water development and management in
that region.

I think it is appropriate at this point to outline rather briefly the
nature, then, of the supply-demand problem, and m particular to begin
with the West,

In many areas of the West, not only the Colorado Basin, net cone
sumption approaches average flow. I think any of you, or many of you,
that are acquainted with the West are‘ well aware that water is what they

call over-appropriated in many val leys. In other words, the water rights
exceed the amou nt of water that will be #vailable in a dry year,

What do we do in the West? And assuming the continued pressure
for economic growth, it seems t§ me that there are three alternatives,
or some combination of alternatives, open to the people of that part of
the country.

First, you can provide additional supplies to maintain the tradi-
tional patterns of water use, This means desalinization, weather modifi-
cation, practices for conserving and using water more efficiently, trans-
basin diversion. We have talked of bringing the Columbia water down
into the Southwest--and things of this nature,

The second alternative ig to limit economic growth in order
to maintain the present patterns of water use without resorting to these
other procedures that I have talked to earlier,

The third possibﬂity is to reduce irrigation and transfer water to
other uses. In other words, take land out of irrigation, as is being done
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in many areas of the West today, and use this water for purposes that
will support more population and income than can be supported by an
irrigation economy.

Now, I think we will probably resort to at least two of these, We
will try to iﬁcrease supply whatever way we can, I think it will be essen-
tial to transfer land or take land out of irrigation and use the water that
has been applied to irrigation for municipal and industrial purposes.

And I say this for two reasons. One of them is that until we get a
major techhological breakthrough, desalirization offers little promise
of Qeeting a problem of the m agnitude of the one confronting the western
States, Weather modification may help some if it's gotten down,r since
it is not a costly way of providing additional supplies. But when you talk
about increasing rainfall by 20 percent in an area that has six inches a
year, you are not really talking about Qery much of an increase in runoff.

The trans-basin diversions that have been discussed will be very,
very costly. In other words the outlook today is that, unless we are
ready to make investments in the West in water development much larger
than we have made heretofore, we are going to be unablg to maintain
the pattern of irrigation water use in the West and at the same time support
the economic growth that now seems destined to occur in the West, Yet
1 think that if we will use the water of the West more efficiently--and
there are many opportunities for so doing--and gear that to some adjust-
ment from irrigationlwater use to municipal and industrial use, a very

high rate of economic growth can be continued in most areas of the west-
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ern States. You may have more questions about that later. I think it's
an issue that will be argued and debated a great deal in the years ahead,

Now, over the couniry as a whole, if we Jassume that the demand
for clean water is realistic--and I believe it is-~and if we assume fur-
ther that Professor Reed's estimates of the dilution water requirement
for the mainten_ance- of clean water are roughly right, then pollution abatement
really moves to the center of the stage in water resources management
in the United States,

We .really have, then, iwo serious problems. One is an adjustment
in water use in the arid West; and this could be painful and costly, depend-
ing upon how we go about it. And the second problem is that of meeting
the pollution problem that is emerging in the United States and which
threatens to be of very serious consequence.

I would like to emphasize that in the ﬁational economic sense the
quantif:’ative shortages of water are not serious, It's the quality problem
that becomes the most serious one.

Now, for just a minute or so I'd like to just outline briefly what
seems to me the breoad outline of thé wéter managment problem.

We have the pollution problem that I have just been mentioning
and I think all of you realize that it has mény, many ramifications and
aspe‘cts. There is silt pollution, there is heat pollution, there are caus-
tic wastes, there are synthetic organicg, there are natural organics;
and they all create different types of pollution problems.

Supposedly the heat pollution can be regulated. I think that this

19




is demonstirated as practicable, Toxic wastes must be dealt with in
éome way. The synthetic organics, such as the detergents, create a
special problem; and probably they can only be met successfully through
some sort of regearch development. The natural organies are the ones
~ that require the large amount of dilution water.

Now, many of you have heard of the story of the experience at Canute,
Kansas, I won't go into any details on that if you recognize or are aware
that in thaf particular instance the sewage effiuent was turned through
the water treatment plant whén they had a shortage out there, and the
water was re-used. They treated the water very carefully. There were
no illnesses attributable to water-borne disease as a consequence,

In other words, water treatment can be successful in meeting the
health problem. This is not the nature, you might say, of the demand
for clean water.

The demand for clean water, as I understand it and see it in the
United States, is based upon the demand for recreation opportunities in
the United States--the demand for clean rivers for esthetic and recreation -
use, including boating, fishing, swimming, and the like. If this demand
did not exist, the pollution problem would not be a serious.one.

The indicators all suggest that recreation use of water will mount
rapidly in the years ahead, as it has over recent years, I think you can
just cite Ha good many statistics to illusirate this point.

In the Tennessee Vailey reservoirs you had a 400 percent increase
of watér areas between 1947 and 1956, The Corps of Engineers data are
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equally dramatic,

In other words, when you get down to it, these recreation demands
that require clean water mean regulated flow if you assume present
technology to be as it is..

You turn to navigation, You find that navigation has increased in
demand rather markedly over the last decade., It was 35 billion ton-miles, |
according to the Corps of Engineers, in 1946, In 1957 it was 115 billion
ton-miles. To maintain navigation, regulated ﬂ‘ows‘ are required,

For hydroeléctric power: 1 want to remind you, as many of you
know, that hydroelectric power is increasing in value per kilowatt hour
because of the use of hydro and its value for heating purposes. There
is no indication that this demand will decline, We had 27,9 million
kilowatts of hydro in 1958, and that could go to 60 or 70 million kilowatts
by 1975, |

Fleod control. 'Tﬁe potential :damages are increasing because
of the increased intensity of flood plain ﬁse. The Weather Bureau data
indicate that average annual losses from 1936 to 1955 were three times
as great as the period from 1903 to 1935, Again, regulated flows are
desireci, at least, to reduce these damages.

Because of these factors that I have just cited here, there is mount-
ing pressure‘for reservoir storage fo provide regulated flows for these
several purposes. And it has been suggested that our Federal Govern-
ment polic& should be directed to the end of making more regulation,

In fact, it has been suggested that we make the creation of completion of
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an integrated, nationwide water-regulation system a primary objective

of Federal activity. This policy would have the premise that full regu-
lation of nearly all the nation's streams is inescapable over the long run,
and that substantial prograss toward this end will have to be made during
this century., We may now do best to begin  our planning in terms of
progress toward full regulation, making it the basic Federal program.

There is one idea, and yet it comes face o face with other demands
upon reservoir land, I think any of you who have lived in the Washington
area, or almost any other area, know the controversies that were encoun-
tered when it came to the construction of a new reservo,if and the élimina-
tion or the inundatioﬁ of the activities or the uses of the land that have
been there,

What do ‘we need, then? I think we can foresee in the years ahead
a sharpening of conflict--on 1;he one hand the demand for regulated flows,

reservoir

on the other hand a strong demand to maintain the use of the/areas for
the purposes for which they are now dedicated,

And what's the answer? I think it r.eguire:/ more imaginative
approach to water resources -management than we have generally used
in the past. I think we urgently need alternatives to stream regulation
as the main aﬁswer to some water demands, so that these alternatives
can be adopted when circumstances warrang.

For pollution I think we urgently need a technological breakthrough
to minimize the requireme‘nts for regulation,

For flood management I think we need to place more emphasis on
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the regulation of flood piain use, upon flood insurance, and other means
of minimizing flood damages.

For power and navigation, I think we should carefully appraise the
values to be realized thrbugh these developments against the cost of
inundating the land area,

In think, in short, that water management should no longer be
equated with a construction program, It involves an integrated effort
by engineers, by biologists, by economists, and by many others.
| Well, I think I'll end this now, and on this little note, that I think
probably goes with ihe first one that I read from what Dr, Wallman hag
quoted, It goes something like this:

'inter is the best of drinks. But who am I that I should have
the bést of everything? Let princes revel at the pumpr, let peers
at the pond make free;‘ but whiskey, beer, or even wine is good
enough for me."

CAPT. GALLAGHER: Mr. Fox is ready for your questions.

QUESTION: Mr, Fox, you mentioned that clean water seemed 10 be
a problem t.‘orr recreational purposes. I understand that there are certain
indhstrial applications, such as paper rﬁaking and the textile indusiry,
that demand water that is preity low in mineral content. Is this going
to be a problem for us in the future?

MR. FOX; Yes, That's myiproblem, you see, in generalizing
that I talked about at the outset,

Certainly many industries require water of very high quality.
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| Usually for many of them the quantities of high-quality waterr required
are not so large. The point that I am making is that that problem is,
impor_'ta.nt as it is, dwarfed by what I consider to be, you might say; the
larger problem of meeting this demand for recreational purposes.

I think that there are many aspects of this pollution problem that
I have failed to probably cover adequately and place in proper dimension,
For instance, there is this question of the pesticides that flow into the
stream, which might cause taxic wastes to be in the stream. People
drink the water. They are not taken out always by treatment processes,
and they cause a very serious problem. There are many ramifications
of this, and I would say that what you are speaking of is one of them.
But I think tl:;at in terms of the total national investment that will be re-
quired in water development, just providing clean water for recrestion
purposes dwarfs the rest of them, the rest of the uses.

QUESTION: Mr. Fox, on your figure of 1100 billion gallons flow
per day now,r ig that the usable runoff?

MR. FOX: I'm sure it is not. I. don't know just what it is, I don't
know that anybody can tell us what the usable flow or the regulated flow
can be, We have frequently said that you can provide a regulated flow
of roughly half of the total average annual runoff,

I think that this is probably too low a figure, from the other esti-
mates that I have seen. We have estimates of regulated flow by major
bagins, that is, the amount that could conceivably could be provided if
it were required; and this would total somewhat less than the 1100 billion
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gallons a day, But it would still approach that figure, I have forgotten
just what it adds up to, but I think it is ‘900 or something of this order
of magnitude, |

This varies a great deal from west to east. When you try to pro-

,vide a high degree of regulation in the West, evaporation losses cut
into the availability of water--cut into the regulation, so to speak, and
reduce the average that will actually be available, because these are so
great,

In New England, for example, on the other hand, the average
annual flow is roughiy 67 billion gailons per(da.y. and it has been estimated
that this could be regulated to nearly 65 billion gallons per day.

That's about the best that I can do on that question,

QUESTION: Will you comment just a little bit on the economics
involved; on, say, the f»ollution costs versus the other demands?

MR. FOX: I don't know that I have those figures right at ﬁy fin-
gertips here. You are probably betfer acquainted with them than I at
the present time. But I would suggest--at least, the reason thalt I did
not go into costs today--I'll make two observations.

First of all, I think it's extremely difficult to make reliable long-
range estimates, because, in part, I think these costs, or the cost outlook,
will change over time as technology changes. And, secondly, that when
we talk about providing reservoirs, the cost of acquiring the land and
developing the reserveirs is only going to be part of the problem. There
vyill be other types of cost, you might say, that people are going to be
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concerned about that create a very large problem in trying to provide
the storage at a given reservoir site,

Again, I remind you what we are up against in this question of the
River Bend Dam right here on the river, It's not the doliars and the cost
of the program that cause probiems there, It's the values that people,
at least some people, attach to having that land available for other pur-
poses, including recreation along the Canal, the development of residen-
tial areas on the lands that would be inundated, and so forth. So I'm not
sure that the dollars give you any real indication of the magnitude of
the problem.

But let me go just beyond that to say this: We now invest, as I
remember, roughly, at the Federal level, close to a billion dollars a
year in water resources. I would not foresee, on the basis of the esti-
mates that we have so far--and these are very crude estimates--that
this would anticipate, you might say, a great increase in the rate of
public investment in the years ahead, In other words, sure; it will
require some increase in investment; but the data that we have developed
here do not indicate any doubling or tripling of the rate of the public
investment in water resources and in water treatment facilities..

Would that agree with your estimate of the situation?

COMMENT: May I make one Point: I think it's imp;artant here,
It's important to recognize that the cost of ﬁrater itgelf is goverﬁed
étrictly by the facilities that are constructed to manage it, The water
itself is free. The basic cost of water refers only to the cost of treatment
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and the cost of managing the water, of constructing the dams and the
hydroelectric facilities; and it's impoftant to understand that whean deal-
ing with this problem.

QUESTION: Mr. Fox, about a year ago there was an article in
the Scientific American about the water resources development in Israel,
I always thought in my own mind that their situation over there wag prob-
ably -wbrse thanq what we have in the Colorado River Basin, As I recall
the figures, they have increased the amount of land to be irrigated some-
thing between 30 and 50 percent. You have suggested to us that we would
have to decrease the amount of land in irrigation, Have you studied that

versus the Colorado River Basin
problem/enough to say why they are increasing it when we have to decrease
it?

MR. FOX: No, I haven't, And I know reiatively little about
the situaiion in Israel, | |

My inclination offhand weuld be this, namely, that we have highly
developed the available supply. The supply is limited in Igsrael. It's
limited in the Colorado. Over the years we have highly &eveIOped the
water supply in the Colorado; and I think, as you know, when you go down
to Arizona, we have been using wafer that has accumulated over a fairly
long period of time, to support the irrigation in the Salt River Valley.
In other words, we are not just depending there for the current irrigation
upon the supplies that run off each year.--the average annual recharge.
We are mining the water supply at the present,

Now, if you assume that you are going to expand your economy,
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this is going to catch up with you, you see, And in may areas, as I
think many of you are aware, it has already caught up with us, bec#use
the costs of pumping have come to exceed the value of the water for cer-
tain purposes.

Now, I just assume that we're just farther along in our develop-
ment in this ‘country, at least in particular locations.

Incidentally, while we're on this point: This is a situation that
varies a great deal from locality to locality. When you say that land
will have to probably come out of irrigation, you have got to carry with
it a number of "if's" and assumptions. And one of those assumptions is
that we are going to anticipate a very high rate of growth, at least we |
anticipate, a high rate of growth for the Southwest, We have had a high
rate of growth there, and we are looking toward a continued high rate
of growth in that part of the country,

Now, if this occurs, it's pretty difficult to see that you can have
encugh water to support your itrigation and support the cities and the
industries unless you bring water from other sources,

There is much to be done, in fact, we've only scratched the sur-
face, when it comes to preserving and conserving flows in some of that
country in the West. We are quite wasteful in the use of water. Andl
think, incidentally, this is in part attributable to the kind of water law
~ that we have in much of the West,

But, even after we have done that, if we have the population and
industrial development that is how contemplated for the Southwest, it
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seems very, very difficult to meet this without finding more water or
taking land out of irrigation,

Now, what I said earlier was that that I am very doubtful fhat this
can be done at a price we can afford to pay, é.t an ecan@nic price. I
think it would involve bringing water out of the Northwest, for example,
or desalinizing large supplies, large quantities.

We know today that, at least we can't really see today beyond
reducing the desalization cost below 50 cents, say, a thousand gallons,
or 40 cents, or something like that, for seawater. We know that for
irrigation you have got to have water that is, say, under a nickel a
thousand gallons. Unless we get a major technological breakthrough
in the desalinization field, we don't see that this will be the answer,

S0, barring some major unforeseen development, and assuming
that you continue to have the rate of growth that we have been experienc-
ing there, and which we now foresee, then it looks as if the only answer
will be to take land out of irrigation. And our task is to do thisina
way that we cause a minimum of hardship and preblems to the commun-
ities that tackle it,

QUESTION: What type of problem do we face on our borders with,
say, Canada, on the Great Lakes, the Columbia River, or with Mexico,
or in the Southwest?

MR, FOX: I-would need another hour to answer that to my own
satisfaction; but I will just make a few very brief observations on that

score,
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It's a very interesting thing that such a.large proportion of our
water resources are international in character, You see, this is the
Columbia (indicating on ﬁlap). All of this along here, you have inter-
national water, You also have international water, as you suggested,
down here and over here in the Colorado,

Now, I'll mention just two interesting problems that General Cassidy
can speak mﬁch better about than I on the border here. The Columbia
and the St, Johns,

In the Columbia--to develop the Columbia and get the most out of it
economically, we need storage in Canada to regulate flows through these
dems, through the power equipment, the generators, that already exist
on the Columbia in the United States. And I think it is very interesting
to see that there is an agreement well along between Canada and the United
States on that score, which will provide roughly, as I recall, 211/2 or
22 1/2 million acre-feet of storage in Canada to reguiate the flows on
the Columbia River in the United States,

And this can only be done this way. That is, the water must be
developed in Canada, and the power comes off generators, at least for
the most part, in the United S;:ates. And to work out such a development,
we have to either pay Canada for this development in dollars or return
some of the power to Canada for its use, And, as I understand the agree-
ment, about 35 percent of the power producgd as a consequence of this
regulation up in Canada will be returned to Canada in payment of them for
building those structures. I think this ig a great advance. I doubt whether
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there are many places in the world where this sort of an arrangement
hag been worked out between two countries.

When you come to the St, Johns, you have the reverse situation.
Here in the lower St. Johns, at the Canadian Dam, they need
some regulation in the United States in order to get the most out of those
facilities,

This, incidentally, brings up another kind of problem that vv;e face
in the water field, and an extremely important one. The dam that has been
proposed here, at Rankin Rapids, will inundate part of the Allegash River;
and the Allegash River is one of the foremost and most popular canoe
streams in the United States, and there is a great deal of opposition by
canoists who go down that stream. Incidentaily, this is where I spent
my vacation this year--canoeing down the Allegash River, So you see
the kind of problem that we get up against.

But regulation in the U. S. would be very beneficial to Canada.
and Canadian power output, and would provide a very desirable type of
arrangement; and I think it's to the credit of the two countries that they
have made such excellent progress here inr the Northwest in dealing with
this,

Now, of course you know the story or have been hearing about the
‘Great Lakes situation, I don't think I have time to go into that,

Here in the Southwest you have é. different situation, where the inter-
est is in making water available for both irrigation and municipal and
industrial uses, And again I think the Canadian and Mexican goﬁrernments
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