
Field determination for dissolved 
oxygen to be checked against record- 
ed values, using a specially designed 
field kit. 

This instrument measures tempera- 
ture, PH, specific conductance, tide 
stage, turbidity, and dissolved oxygen. 
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needs for water data require new techniques for data collection. The U.S. Geological 
y has worked with industrial firms in the development of automatic continuous 

urement of some water-quality factors including dissolved oxygen, specific conduct- 
pH, and turbidity, as well as temperature and water level. 

mere  is no single solution to the 
ater problems in the country to- 
y. Rather, water is like business. In 
dustry, there are continuing prob- 

and YOU meet them one by one. 
y time that you have solved a 
lem immediately in front of you 

problems arise, each one of 
h is affected by the last action 
you took. And so it is a con- 

a1 facing of individual problems, 
of which must be met with fore- 

t and with skill. There is not a 
le problem which you solve and 

Water management is also like 
usiness in other ways. It involves, 
st, competition. It is affected both 

y changing needs and by technologic 
vance. There are costs as well as 

tial gains. Though clearly one 
s to keep costs down, there are 

es when investment now will make 
antial savings in the long run. So 
look at the water matter in some 
boiled business terms . . . as a 

t the present time we are spend- 
approximately 10 billion dollars a 

on water development in this 
ountry. The total expenditure for the 

ion of facts on our water re- 
s amounts to less than one- 
of one percent of this amount. 

need to examine the myth that 
are actually using what facts we 
e intelligently and that we have 
ugh facts to make the kinds of de- 

usiness proposition. 

ions which managers must make. 

ning and Perspective 
few years ago I went to India 

s a consultant to that government on 
n important flood control project in - .  

the state of Bihar. In looking over 
Some of their problems of rivers in 
Northern India I saw again and 
again staff gages which the Indians 
were using to measure water levels. 
Discharge of the river requires for 
its computation measurements of wa- 
ter level at these gages. These were 
large rivers. The staff gages were 
standing out in the middle of an open 
place on a flat bar. Some of the 
gage rods were twisted over side- 
Ways, some of them leaning over an- 
other way. And the graduations on 
them were in hundredths of a foot. 

After seeing this, I came back and 
talked to the man principally engaged 
in their program of collection of wa- 
ter data. I said it is very peculiar that 
we in the Geological Survey who 
publish the data on water flow in the 
United States, only publish the data 
to three significant figures usually, 
because we don’t think it is more pre- 
cise than that. But in India, they pub- 
lish discharge to six significant fig- 
ures. I said their staff gages are in a 
poor state of repair for many are not 
even standing up straight. How could 
they make computations with such 
precision? And this gentleman said, 
“You know, I just fixed it . . . I 
wrote a memorandum yesterday.” 

This is fixing the problem by what 
I should call a declaration of con- 
cern. And it is not quite enough. 

To effectively run the business of 
water management, first you need 
data. No business is run without 
knowing something about the ma- 
terials, the costs, the matters of sup 
ply, demand, personnel, equipment 
needed . . . to name a few. You 
need facts to run a business. 

Second, you can’t run a business 
without advanced planning; and by 
advanced planning in the water field 
I do not mean merely a plan for wa- 
ter development. Advanced planning 
means the intelligent use of fore- 
sight. 

And third, to run this business there 
must be realism about costs. Water 
is a raw material and it no longer 
comes free. In the coming years we 
must begin to spend water like money 
instead of vice versa. 
A Dearth of Data 

Surprisingly, the people who are 
most concerned about water do not 
know how much data we have, where 
it comes from, what it is based on, 
or even more subtly what kind of 
data we need which we do not have. 
If you were to manage the stockpiles 
of raw materials in your business 
without records of where they were 
and how much the increments and de- 
crements were, you could hardly call 
that management. It would be more 
like fortune telling. 

In the United States alone, we have 
three million miles of stream chan- 

nel of large and small size. To meas- 
ure the flow in three million miles 
of stream channel we have 8000 con- 
tinuous measuring points, all run by 
the U. S .  Geological Survey. The as- 
sessment of water quality also re- 
quires gaging stations for measuring 
water quantity. But in three million 
miles of stream channel, we have only 
1800 quality measuring points run by 
the Geological Survey and a small 
additional number by other organiza- 
tions. 

Thus, for the increasingly compli- 
cated job of assessing water quality 
there are only about 2000 measuring 
points and not all of them are taking 
data to serve all purposes. It is a 
small sample to run the stockpile. 
Furthermore, I suspect that there are 
many people in industry who are not 
actually even acquainted with how 
these data are obtained, by whom, 
under what circumstances, or even 
how they are financed. The principal 
water data collection activity in the 
United States is financed jointly by 
states and municipalities with an 
equal contribution by the federal 
government, and the work is done 
by the U. S .  Geological Survey. 

Unbiased Appraisal 
T o  manage the stockpile of this 

business, it is important to know 
that the data are unbiased-that is, 
are not collected to prove some pre- 
conceived view. The United States 
Geological Survey, which collects most 
of the data on which you have to de- 
pend, is a fact-finding organization 
which does not carry responsibility 
for construction or development, for 
water use, or making enforcement 
rules. It is important that there con- 
tinue to be a separation between fact- 
finding for the sake of getting un- 
biased facts, and the responsibility for 
regulation and construction. 

One would suppose that the busi- 
nessmen themselves would be ask- 
ing whether there are enough facts 
actually to make the management de- 
cisions needed. The answer is often re- 
iterated in the many conferences and 
meetings and committees which have 
been held about water in the last two 
years. Everyone seems to agree that 
more unbiased facts are needed in 
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On the map dots indicate water-quality station sites; figures indicate number of sites in each state. (Not included 01 

the map are 239 stations where temperature only is measured.) This map shows the location of about 1400 (1,396 
water-quality stations in operation during 1965 throughout the United States, including Puerto Rico. This total repre 
sents an increase of 11% compared with 1964. Depending upon the need fo r  information, chemical variables meas 
ured at individual water-quality stations may be few 43 or 4 )  or as many as 15 to 20, or more. Sediment measure 
ments usually consist of  the determination of concentration and particle size. Frequency of measurement is variabli 
and may range f rom one every three months to continuo U S ,  ~rOund-the-clock 
recording-type station. 

order to face the increasingly compli- 
cated water problems. But it looks as 
if we are again making only declara- 
tions of concern. 

Field data themselves are not the 
things you need for management. 
Those data have to be interpreted in 
terms that make them usable to the 
industrialist, the municipality, and 
the consulting engineer in a practical 
way. We do not have enough facts 
about water to manage the stockpile 
intelligently, especially because the 
available knowledge is not usually in 
the form necessary to evaluate the 
results of alternative actions. This 
leads to the second point. 
Advanced Planning 

Advanced planning requires ade- 
quate information organized in such 
a way that allows us to estimate what 
will happen if we take some partic- 
ular action. Water is an environ- 
mental resource. Anything that you 
do to it affects all other aspects of 
the resource in one form or another. 
The water system on a continent can 
be considered as a vast plumbing sys- 
tem in which all parts are inter- 
connected. There is no separation 
physically between ground water and 
surface water. If you take water out 
of a stream you affect the local 
ground water. If you take the water 
out of the ground you affect the lo- 
cal stream flow. 

In the development of water and 
its management, what we mean by 
advanced planning is this: YOU as a 
manager must know whether if you 
drill a well, or build a reservoir, or 
discharge a certain waste product, the 
action will have an effect that you 
can’t live with. Therefore, what you 
need is not merely facts but suffici- 
ent understanding that sophisticated 
forecasts can be made of the results 
of alternative actions. 

Take, for example, the question of 
drawing water out of the stream or 
out of the ground, or putting some- 
thing into the stream-a pollutant or 
the sediment from urbanization. These 
are going to have important relation- 
ships to other parts of the environ- 
ment. Whoever takes such actions up- 
stream from you is going to affect 
you; everything that you do is going 
to affect somebody else. We should 
be able to forecast such effects. But 
actually water development plans now 
being made are not put in such terms. 
Possible alternative actions with as- 
sessment of their respective results are 
often not weighed at all and are 
seldom made public. 

Hidden Decisions 
How do water development plans 

actually look by the time they reach 
a public stage? A so-called “best 
plan” is given to a legislature or to 

- -  
monitoring, as represented by th, 

a congress; either accept it or rejec 
it; either appropriate the money o 
don’t appropriate the money. Ant 
unless you happen to be on the in 
side, you never know what the hiddei 
decisions were. 

Best plan for whom, one may ask 
Cannot the facts be put out in sucl 
a way that the public or the con 
sumer may actually see what thi 
alternatives were and why the recom 
mended alternative happened to bl 
chosen? Much needs to be done ii 
water planning philosophy. The pub 
lic deserves to be better informed a 
to what the real alternatives were 
what they cost, not only fiscally, bu 
socially. They deserve to be told thl 
rationale by which choice was mad1 
among the various alternatives. 

What do I mean by forecasting th 
results of alternative actions? Visual 
ize that the natural world is a compli 
cated environment; any change mad 
in it is going to have an effect bot1 
spacially and in time. The effect of 
pollutant alters from winter to SUF 

mer. The effect might be quite ac 
ceptable in winter conditions but th 
situation may be entirely changed i 
another season. With three millio 
miles of stream channel, even if w 
had a much larger and more adequat 
measuring system for obtaining bas; 
data, we are always going to have t 
make extrapolations. 
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go out and shovel the whole 
every time you want to 

it. You measure it by a 
system. But by sampling we 

interpolations and extrapola- 
ns and these are not straight-line 

tions. The present basic data 
is not adequate for such 

tions. There is simply not 
financial support for the 

tools necessary to make 
of extrapolations and fore- 

ncial Alternatives 
third item - in this business 
d a realistic view of costs. Wa- 

1s no longer free. Costs are not 
ething that we are going to be 
merely to throw into the lap of 

community and say, “This is not 
r problem.” In trying to figure out 

ion of who should bear the 
to what extent, again it is 
to know the results of our 

ate knowledge of exactly how the 
vironment is operating. 
In the pollution problem one might 
ppose that each disposer of waste 

d be charged in accordance with 
much he puts in the stream. But 
ffect of a given pollutant is not 
tly proportional to its amount. 

entiate the effect of individ- 
nts and in various degrees, 
know a lot about how the 

ent operates. What can the 
Geological Survey, within its ground-water data network, has about 15,900 observation wells and about 2500 

Additional data concerning the occurrence and 
ment of  ground water are included in published reports. In the exhibit the upper figure indicates the number 

The left 
the graph reflects the percent of the state covered b y  descriptive reports, and the right side of the graph reflects 
cent 0.f the state covered by  quantitative reports. 

ity stations to assist in appraising the nation’s water resources. 

bservation wells in each state, and the lower figure indicates the number of  quality stations maintained. 

environment accept? We should, in 
fact, be interested in the effect of the 
pollutant on the stream under the con- 
ditions there prevailing. 

Stream quality standards or criteria 
really are going to depend importantly 
on an increased understanding of the 
environment itself. Otherwise we might 
simply make rules which disregard 
how the biological and physical 
parts of the environment interact. 
And so even the question of costs 
comes back to the first two points. 
We need information analyzed so 
that we can forecast the results of 
alternative actions. This is the essence 
of planning and it involves costs. 
Projecting Water Use 

Another type of information that is 
needed is on the question of water 
use. The public statements that are 
again and again made about water 
needs for the future tend to be too 
much a linear extrapolation of what 
has happened in the past. We need a 
more sophisticated knowledge of the 
human environment as well as the 
physical environment in order to find 
out really what is going to be the 
call on the water resource in the next 
two decades. 

Even such simple facts as the gen- 
eral picture of how water is used is 
not very well understood. When the 
public thinks about a water crisis, 
they are thinking about a crisis in 
the city; they are usually not think- 
ing about a crisis in an industry. Yet 

it is not generally realized that only 
8% of the total water used in the 
United States at the present time is 
used in municipalities. And of the 8% 
which is used to serve municipalities, 
an important part is actually pur- 
chased from municipalities to be used 
by industry. 

The other two principal uses are 
approximately equal in amount-irri- 
gation and by industry. Irrigation uses 
water consumptively by dissipating 
water-vapor back into the atmos- 
phere. It is the largest consumptive 
use. Together industry and irrigation, 
about equally divided, make up ap- 
proximately 92% of the total water 
used in the United States. 

In my view one of the most im- 
portant facts about water in the 
United States is this: Nearly half of 
the water used in the United States 
at the present time is used by indus- 
try, and practically all of that is used 
for cooling. 
Some Big Questions 

Costs which will be faced by in- 
dustry or municipality depend on the 
alternatives open to satisfy a particu- 
lar need. Costs of construction de- 
pend upon what kind of water de- 
velopment or what kind of water 
treatment is required. That again 
should he determined by an informa- 
tion content and analysis sufficient 
to forecast what is likely to happen 
under alternative schemes. 

Continued on page 39 



MANAGEMENT 
. . . continued from 29 

The water user is increasingly 
going to want to know when a capital 
development is necessary, whether his 
supply is stable, and for how long. 
What are the actions of other people 
going to do? How are they going to 
affect his costs? All of these cost 
factors come back basically to the 
same thing. We need more knowledge 
which will allow forecasts to be 
made. 

Now we cannot wait for water 
development until we research all of 
these things to death. But research 
also has a place in it because research 
is that aspect of water information 
which allows new techniques to be 
developed, which allows an increas- 
ingly sophisticated understanding of 
the environment. I am not suggesting 
that decisions are going to be put off, 
awaiting either facts or research. But 
the lack of knowledge and facts is 

costing people in the United States 
good, hard money. 
Fact or Fancy: An Assessment 

Today, many of the public pro- 
nouncements about water remind me 
of my Indian friend’s response to his 
water gage problem . . . they sound 
a great deal like “declarations of 
concern.” Water problems are de- 
scribed in crisis proportions. But to 
say that we have a water crisis and 
we must fix it connotes the idea of a 
solution . . . a panacea. The “crisis” 
then usually subsides by being for- 
gotten or quietly slipped into the laps 
of research people. 

But if we are realistic about con- 
fronting our water problems, we must 
begin to deal with them much as we 
do our business problems. This in- 
volves getting and utilizing the facts 
needed to make decisions. Water 
planning programs are too important 
to be based on fortune telling rather 
than on meaningful projections based 
on fact. 

! 
I 


