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ABSTRACT

CHANGING WATER USE
IN SELECTED MANUFACTURING INDUSTRIES

Major shifts in industrial water use technology have been occurring
in recent years. According to the U.S. Census of Manufactures, between
1954 and 1968 gross water used increased by 70Z while intake water increased
by only 17Z. Gross water applied per unit output decreased by 7%Z.

Several factors have contributed to these changes. The modernization
of technological processes in newly added plants is one factor. Changes in
the price of water, as reflected in changes in availability and quality,
have also had a major effect. Stricter water pollution controls have, in
many cases, substantially increased the cost of water. In some plants, for
example, only ten years ago total water costs were in the range of 5¢ per
thousand gallons where today, due to high effluent treatment costs, a per
thousand gallon cost of $1.00 - $1.50 is not considered unusual. Even with
relatively small water demand elasticities, price changes of this magnitude
can have a substantial effect on water usage,

The objective of this paper is to present findings of a study designed
to contribute to the understanding of some of these changes in the cost and
quality of water on technological changes in process design and plant
location decisions.

The study concludes that water is a necessary, but not a sufficient
condition for continued growth in water-using industries. Geographic
patterns of industry location appear to be shifting toward areas more
favorably endowed with water resources. Regional and temporal variations
in the recirculation of water are also documented.

The findings suggest that water for industrial processing is unlikely
to be a major location determinant; rather, water for transportation may
be a more important location determinant.

The paper also concludes that industrial demand for water is far from
inelastic in the range of price changes now being experienced. There appear
to be clear trade-offs between water-use and more capital extensive process
designs. Using cross-section sample data on water use in individual manu-
facturing plants, the authors find a statistically significant relationship
between water cost and water demand, with demand elasticities on the order
of .5 to 1.0,
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INTRODUCTION

Diminishing supplies, increasing demands and stricter water pollution
controls have, in many cases, substantially increased the cost of water to
industry in recent years. In one chemical plant, for example, in 1962,
total water costs were in the range of 5¢ per thousand gallonsA; just ten
years later, due primarily to effluent treatment requirements, a total
cost of $1.00 - $1.50 is being anticipated for the same quantity of water.
Even with relatively small water demand elasticities, price changes of this
magnitude can have a substantial effect on water usage.

In fact, major shifts in industrial water-use have been continually
occurring. According to the U.S. Census of Manufactures, between 1954
and 1968 gross water used increased by 702 while intake water increased
by only 17%. During this same period, output among water-using industries
in the manufacturing sector increased by over 82%. Some of these changes
in water-use are the direct result of industry responding to higher water
costs by introducing technological changes previously possible but not
previously cost justified. Some of these changes are also attributable
to new technological breakthroughs that are a consequence of industry's
concern over the rising cost of water and other factors of production.

During the '50's, '60's, and the first part of the '70's, there have
been significant regional and intraregional shifts in the location of
industrial activities which withdraw high volumes of water for processing.
Some observers attribute this shift at least in part to the competing

demands on already strained urban water supplies.B
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There has been also a considerable shifting of activity between regioms.
The water-abundant northeastern United States has been experiencing a rela-
tive contraction of water-using industry. The best example, perhaps, is
the paper industry which is increasingly attracted to the southeastern
United States.

The usual explanations for these changes are not solidly grounded in
strong empirical evidence. The data up to now simply have not been collected
and analyzed. This paper is a response to that problem.

By focusing on the impact of changes in the cost of water on technological
changes in process design and plant location decisions, we hope to increase

our understanding of the reasons behind these changes.

Policy Issues

This research is motivated by several impértant policy concerns. First,
major public capital investments in water resource systems have been justified
in the past at least partially on the grounds that such investments serve to
foster regional industrial development by insuring a plentiful supply of
quality water at low cost. This implies, of course, that industry location
and growth decisions are sensitive to water cost and availability.

Second, there is an expressed concern among many locallpolicy makers
that the imposition of restrictive locai water quality control standards
will result in a local competitive disadvantage in attractiné industry.

Since environmental control policies serve to drive up the cost of water,
it is important to know the effect of the resulting price increases. Do

such controls discourage the location of new industry? Is expansion of
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existing facilities curtailed? To what extent are such policies a
stimulns for plants to relocate in areas with less stringent control?*

We cannot answer these questions without first knowing the factors
involved in the industry location decision.

Further, since industry can respond to limited and more costly
supplies of water by changing production processes as well as location,
ic 1is essential to know the impact of the cost of water on process choices.
All other things equal, the less process flexibility in an industry, the
more likely there is to be a locational response to water problems. If

moving a manufacturing plant is rather costly and the introduction in

*If a local community is contemplating the attraction of industry through
the mechanism of providing industrial water, they would do well to ignore
the industries extensively discussed in this report. This report is aimed
at planning for adequate supplies of industrial water on a broadly defined
regional level and concentrates only on those industries which withdraw
huge volumes of water.

In 1964 about 9,000 establishments had water intakes of 20 million
gallons or more. Less than one thousand of these accounted for two-thirds
of all manufacturing industry withdrawals. Communities should be interested
in all 9,000 but this report is about the 1,000 which dominate the industrial
water requirements.

The establishments studied here average 30% more employees and almost 80Z
more value added than the average of the "other 8,000" water-using establish-
ment, but they intake sixteen times as much water. They process great
quantities of low valued products and, therefore, require special trans-
portation. Their plants represent huge capital investments and their loca-
tion decisione are often sensitive to property and other taxes. In general,
local economic development strategists should realize that while the
availability of water is crucial to the location of all of these industries,
subsidizing, directly or indirectly, the price of that water is no more and
no less an inducement than any other form of monetary compensation.
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existing facilities of recycling and treatment equipment is relatively
less expensive, we might expect to observe less location response and
more process response to changes in the cost of water.

There has been surprisingly little empirical analysis of any of
these issues. In response to this research deficiency, we will propose
a methodological framework in which these issues can be examined and
present our empirical findings.

The paper is organized into five parts. Chapter I describes briefly
the framework within which the firm makes water-related decisions. This
section provides a necessary perspective for the rest of the study.
Chapter II presents data available from the Census of Manufactures special
water survey to provide historical perspective on the scope and dynamics
of water-use in the manufacturing industries. The need to identify
the determinants of the regional distribution of water-using activity
leads us to Chapter III, where we examine the location decisions of
water-using firms. Chapter IV presents a simple model of industrial
water use. The empirical estimates of the parameters of this model
identify the extent to which the demand for water by industry responds
to the changing price of water and helps to explain many of the levels
and rates of changes observed in Chapter II. In Chapter V we discuss
briefly the nature and broad directions of technical change in our
sample industries. In Chapter VI we summarize our empirical-findings

and suggest several directions for future research.



Chapter 1 WATER USE AND THE FIRM

fo properly evaluate the likely future response of industry to the
changing cost of water, it is first necessary to identify tﬂe ways in
which water enters industrial processes. By identifying the uses of water
and putting its use in perspective with the use of other factors of
production, we ought to be able to better understand the likely future

response of demand to water costs and technological change.

The Manufacturing Operation

An idealized manufacturing operation, shown in Figure I-1l, involves
three stages: (1) assembly of inputs; (2) processing of inputs; and (3)
distribution of outputs. Since water is important in each of these
stages, a brief discussion of each of them is worthwhile in gaining

insight into the problems we are studying.

Input Assembly

Figure 1-2 identifies six input factors into the production process.
In evaluating the locational impact of factor inputs, it is useful to
distinguish between the "spatial™ and "assembly" characteristics of each
factor. Some factors of production vary over space. Land, for example,
varies in topography and cost; labor productivity varies with location.
The quality of raw materials varies over space, as well. These spatial
variations in factor inputs have significant implications for plant location
decisions and process design. For example, timber for the paper industry

is relatively plentiful in the northern United States and Canada, but trees
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Figure I-2

INPUTS TO PROCESS

FACTOR OF
PRODUCTION SPATIAL DIMENSION  ASSEMBLY DIMENSION
TOPOGRAPHY /COST SIZE/LOCATION
LABOR PRODUCTIVITY/COST  COMMUTER ACCESS
CAPITAL - COST
- DISTANCE
{ RAW MATERIALS | QUALITY/COST DISTANCE
QUALITY/COST DISTANCE/SOURCE

*"Control" is substituted here for the more usual
"entrepreneurial talent" factor on the grounds that
establishments which are heavy water users are typically
in multi-plant firms in oligopolistic industries where
management control is at least as important as

entrepreneurial factors.



grow faster in the south. With tree farming ecologically desirable and
economically feasible, southern latitudes are increasingly desirable
locations for paper and pulp mills.

Spatial variations in the quality of raw materials also affect
process design. Again, in the paper industry, the movement south also
implies greater quality variation in timber. The relatively rapid growth
of Kraft processes is at least partially in response to this variability
in input quality. Kraft processes, in turn, employ rather costly chemicals,
the recovery of which can be economically justified. Since the chemicals
are in a water base, this recovery has the complementary side effect of
cleaning the water and, in some cases, permitting its recirculationm.

This example illustrates how regional variations in non-water inputs can
significantly effect the use of water and the quality of any process
effluents.

In addition to spatial characteristics of input factors, there are
also assembly characteristics. Assembly usually, but not always.A means
transportation. Generally speaking, industries which are heavy users of
water in process are basic industries taking in large quantities of raw
materials of relatively low value per unit weight and fundamentally
transforming them in process. The output is typigally a product with
low value per unit weight as well. Thig serveée to emphasize the importance
of the input assembly dim;nsion.

Water is the extreme case of the assembly problem. It has such a

low unit value that transportation over any distance is generally cost
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prohibitive. By locating near sources of water, this assembly problem

is resolved.

A Key Problem of Causal Identification

The resource assembly problem raises an important empirical issue
since water-using industries typically have low-value, high-weight inputs:
are decisions to locate plants near waterways due to the resulting
transportation advantages in assembling non-water inputs and distributing
final products or due to the ease in assembling necessary water supplies?

The causal links are easily obscured. If, in fact, transportation
is the key factor, then the inland location of plants along water-ways
is very likely to have the complementary advantage of low cost water for
processing. The heavy use of water by industry might simply be the
result of the fact that water is cheap at those sites where transportation
is also inexpensive. Superficial confirmation of this hypothesis is
obtained by noting the concentration of new and existing plants along
coastal sites where saltwater is rarely useful for processing, but
provides the cheapest form of transportation.

If this 1s the case, higher effluent standards with the resulting
increases in water costs would be expected to result in less water use,
but would have little plant location impact.

Seen from another perspective, if transportation is the dominant
location factor, then water systems planners need be less concerned about
keeping the cost of industrial water low as an added attraction to
industry. The improvement of comnstruction of major canal and waterway

systems, for example, would attract industry because of transport factors,



even in the face of high process water use costs. The availability of
process water might be crucial, but its cost has actually been minor.

(Pollution clean up is rapidly changing this picture.)

Product Distribution

The product distribution stage of the manufacturing operation,
illustrated in Figure I-3, further emphasizes the transportation
importance of waterways.

There are several reasons to believe that the relative importance
of transportation is increasing over time. First, water-using industries
are invariably characterized by substantial production economies of scale.
If technology continues to increase the economic scale of operations,
further concentration of production in space will compound the problems
of input assembly and output distribution. There are some indications
that this may not be the case in all industries. Both the aluminum and
steel industries suggest that further expansion of domestic capacity may
take place at new decentralized, market-oriented sites due to the advent
of the continuous casting process. These opportunities depend on the
product mix: small electric furnaces in the steel industry, for example,
so-called "minimills", can produce quality bar steel products. Expansion
of flat sheet production capacity, however, is likely to occur at existing
facilities because of the need for costly hot and cold rolling mills.

Second, population flows in the United States are toward coastal

areas. This increases the economic feasibility of intranational water



Figure I-3

OUTPUTS OF PROCESS
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shipping and may increase the attractiveness of industrial sites on
waterways.

Third, one could argue that in the future plant location decisions
will not be very sensitive to the effluent discharge problem. The levels
of waste treatment to be required under emerging government standards
may be so costly that it will be cheaper to treat water for lower
standards of re-use than the higher standards for dischargé and then to
obtain more intake. The net result of such a change is essentially to
eliminate the waste water problem from Figure I-3. Further, because
discharge will not be feasible, withdrawals will be necessarily reduced.
This will decrease the water assembly problem and further emphasize the
problems of assembling the other input factors.

What this suggests, of course, is that the likely location response
of industry to changes in water cost and quality is far from obvious.

In addition, since location adjustments are costly, even if the high
cost of water were an incentive to relocate, it is by no means obvious
that the possible cost savings would justify the moving expense.
Regional changes in the location of water-using industry can occur without
plants relocating, of course, through the opening of new facilities and
the closing of existing ones. But even this is an infrequent event in
the industries which dominate industrial water use. It is not unusual,
for example, for a steel mill to represent a billion dollars in
investment. A steel company would need to face more than high water
costs to relocate, close or open a steel mill, especially since water
currently represents less than one-quarter of one percent of the cost of

a ton of steel.



In fact, since the industries which depend on water are typically
members of multi-establishment firms and are also capital extensive,
most location adjustments are likely to occur through marginal expansion

in one area and contraction of existing facilities in anbther.

Process

As illustrated in Figure I-4, the choice of inputs to go into the
manufacturing process is determined both by relative costs and available
technology. In the simplest conceptual framework, the existing technology
determines the output possible from given factor combinations (isoquants)
while relative factor prices determine the actual factor mix (point on
the isoquants). Changes in technology lead to more output for given
factor combinations (shifts in the isoquants). These possibilities are
illustrated in Figure I-5.

The difficult problem comes in disentangling the impact of factor
price changes (movement along the isoquants) from technical change
(shifts in the isoquants). The problem is further compounded by the
fact that changes in factor prices induce changes in technology.

Ceteris paribus, we know that increases over time in the cost of
water will lead to the application of less water in production processes.
In most industries, the cost of water has been rising and use per unit
output falling; we might conclude that this is a response to water prices
(both movements along and shifts in the isoquants).

But we also know that other factor costs have been changing. Ceteris

paribus, one might expect that relative increases in non-water factor
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Figure I-5

IMPACT OF FACTOR PRICES AND TECHNICAL CHANGE ON THE FACTOR MIX

(1)
—— -0

Relative Factor prices
determine the input factor
mix

Amounts of Input Number Ome

Line A-A1 shows relative factor prices

Curve B-B~ shows the different combinations of input factors Il’ and
I, which will produce output Q%.

Curve (-C™ shows how changes in technology shift the isoquant. Q%
can now be produced with less Il’ 12.
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prices will increase the use of water - unless water and some other

factors are complements and not substitutes.

Conclusion

It is quite clear that within the conceptual framework we have
just described there is considerable range of possible water use and
industry response to changing water costs. In the next chapter we will
explore the scope and dynamics of water use in manufacturing in the
recent past to provide an historical perspective on actual water use and

its change over time,
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Chapter 1I

An Historical Perspective on the Scope and Dynamics of

Water-Use in Manufacturing

In this chapter we would like to examine the recent history of water
use in manufacturing. We will examine both industry and regional variations
in water use and re-use in selected industries to determine the extemt to

vhich water use technology has, in fact, been changing.

The Changing Use of Water in Process

We address several questions: how has industrial water-use in process
been changing over time? Economic theory predicts decreases both in gross
wvater-applied and in intake water per unit output in respomse to increasing
water costs and changing water-use technology. Are there discernible
historical trends in these directione? Are the changes of sufficient
magnitude to merit further investigation? In the aggregate, are there
observeble influences of water availability on the rates of observed change?
We will attempt to answer these questions below by examining regional and

temporal variations in water-usa.

The Sample

Cur analysis is based on data from the Census Bureau on water-using
industry. These data, which were first collected in 1954, summarized the

water-usage of all manufacturing establishments reporting over 20 million
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gallons of intake water annually. Our examination of these data for the
available years of 1954, 1959, 1963, and 1968 indicates that considerable
change in the use of water have taken place over this l4 year period.

It is important t; point out that the water-use census does not
provide direct measures of the physical volume of output produced by
manufacturers. In ordér’to determine what intake water is required for
a manufacturer to produce his goods, we used as an alternate measure of

output, value added.

Industrial Concentration of Manufacturing Water Use

Table II-A gives the percentage distribution of water use by major

industry groups withdrawn by establishments with an annual water intake
of 20-million gallons or more for 1954, 1959, 1964, and 1968. It can
be seen from the table that water use in manufacturing in the United
States has been concentrated in four two-digit industries: paper,
chemical, petroleum, and primary metals. In 1968, for example, the
major users of water within these industries absorbed more ;han 85 percent
of water withdrawn and about 87 percent of gross water used by all major
water-using establishments in manufacturing. As estimated by Bureau of
the Census, the same large users in these four industries accounted for
about 85 percent of water withdrawn by all manufacturing establishments.A
Of this 83 percent of water withdrawn, paper accounted for 152, chemicals
for 292, petroleum for 92, and primary metals for 32%.

The use of intake water for each of these two-digit industries has

been further concentrated in a few four-digit SIC industries (see Column



Table II-1A

Percentage Distribution of Water Use in U. S. Manufacturing for Establishments

Using 20-Million Gallons or More Annually: 1954, 1959, 1964, and 1968

Intake Water (%)

Gross Water* (%)

SIC Manufacturing Industry
1954 1959 1964 1968 1954 1959 1964 1968
Total, in billions of gallons 11543 12098 14009 15412 20971 26163 29862 35602
Major water users: 82.80 84.29 85.38 85.43 84.09 86.85 87.33 87.10
26 paper and allied products 15.47 16.01 14.73 14.61 20.23 23.11 18.39 18.32
28 Chemical and allied products 23.26 26.78 27.83 29.04 20.47 19.97 25.87 26.45
29 Petroleum and coal products 10.79 10.90 9.98 9.31 19.80 22.09 20.63 20.48
33 Primary metals 33.28 30.60 32.84  32.47 23.59 21.68 22.44 21.85
Minor water users: 9.76 9.38 8.94 8.92 10.57 8.53 7.31 7.50
20 Food and kindred products 5.34 5.16 5.43 5.26 6.28 4.96 3.99 3.78
32 Stone, clay, and glass products 2.42 2.07 1.78 1.63 2.74 1.57 1.30 1.16
37 Transportation equipment 2.00 2.15 1.73 2.03 1.55 2.00 2.02 2.56
Negligible water users: 7.43 6.32 5.70 5.65 5.33 4.62 5.35 5.42
21 Tobacco Manufactures .03 .02 .02 .04 .05 .17 .21 .22
22 Textile mill products 1.59 1.12 1.06 1.00 1.01 .70 .90 .92
24 Lumber and wood products 1.15 1.16 1.08 77 .76 .70 .73 .58
25 Furniture and fixtures .06 .02 .02 .03 .04 .02 .01 .02
30 Rubber and plastic products 1.13 1.05 .89 .88 1.00 .83 .83 .76
31 Leather and leather products 17 .10 .10 .10 .10 .05 .05 .06
34 Fabricated metal products .98 .36 .37 Jd .65 .27 .46 47
35 Non-electrical machinery .99 1.41 1.13 1.23 .73 .96 .92 .95
36 Electrical equipment & supplies .99 .77 .73 .82 .62 .61 .92 1.04
38 Instruments and related products .16 .19 .21 .25 .26 .23 .25 .33
39 Miscellaneous .18 .12 .09 .09 .11 .08 .07 .07

Unit in percentage except for the first line.
Source of data: Table 1A, Water Use in Manufacturing, 1967 Census of Manufactures, Bureau of the Census.
*water that would have been required if no water had been recirculated or reused.

ST
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A, Table II-iB). Within the paper industry, for example, in 1968,
papermills alone accounted for 50 percent of total industry usage, while
paperboard mills accounted for an additional 32 perceﬁt in the paper
industries. In the chemical industries, alkalies and chlorine accounted
for 9 percent, other inorganic chemicals for 12 percent, and organic
chemicals (except cyclic intermediates and crudes) for 48 percent of
water intake. Petroleum refining accounted for more than 99 percent of
water use in the petroleum industries. Similarly, blast furnaces and
steel mills accouﬁted for 81 percent of the intake water in the primary
metals industries.

In fact, fewer than 1,000 establishments in only eight four-digit
Standard Industrial Classification industry groups account for almost

three-quarters of all industrial water withdrawals. (See Table II-2.)

A Note on Methodology

Since the emphasis in this report is on the changing use of water,
the analysis of two important measures available from the Census of
Manufactures special water survey is emphasized here: iIntake water and
gross water, both reported as billions of gallons per year. It should
be noted that intake water is a relatively unambiguous concept, but this
is not the case with gross water. Gross water must be calculated by most
of the reporting establishments because no direct measure is possible
since the same gallon of water is often used in more than one process or
is recirculated through the same process. It is intended that the gross
water measurement indicate the amount of water which would be required

if water were not reused or recirculated.



Table II-iE
Water Use in U.S. Manufacturing for Establishments Withdrawing
20-Million Gallons of Water or More Annually

(a) (B) ) (D)
SIC Major water-using industry IWx100 I GW Iw

TIW Q Q GW

(1968) 1954 1959 1964 1968 1954 1959 1964 1968 1954 1959 1964 1968
26 Paper 14.61 292 254 252 214 673 792 732 619 .43 .32 .34 .34
2611 pulpmills 1.75 * 608 472 491 * 1790 1507 1474 .39 .34 .31 .33
2621 papermills, except building paper 7.74 * 310 315 267 * 957 857 697 * .32 .37 .38
2631 paperboard mills 4.69 ® 272 241 226 * 895 769 759 *® .31 .31 .30
28 Chemical 29.04 219 181 152 135 351 291 297 284 .63 .62 .51 .48
2812 Alkalies & chlorine 2.50 1005 927 774 682 1100 1034 920 1014 .91 .90 .84 b4
2815 Cyclic intermediates & crudes .90 221 130 78 75 297 229 199 197 .75 .57 .39 .38
2818 Industrial organic chemicals, n.e.c. 13.88 440 452 337 296 627 664 656 549 .70 .68 .52 .54
2819 Industrial inorganic " " 3.34 315 244 171 186 670 566 449 518 47 .43 .38 .36
2821 Plastics materials & resins 1.51 76 62 75 62 139 145 162 136 .55 .43 46 .46
2823 Cellulosic manmade fibers 1.19 ® 226 188 166 * 454 288 360 * .50 .65 .46
2824 Organic fibers, noncellulosic 1.05 * 75 60 48 * 117 128 119 * .65 47 .41
2871 Fertilizers .73 196 * 182 182 238 * 349 757 .83 ® .52 .24
29 Petroleum 9.31 84 85 79 69 280 372 348 349 .30 .23 .23 .20
2911 Petroleum refining 9.25 88 88 82 70 295 385 362 360 .30 .23 .23 .20
33 Primary metals 32.47 171 155 165 165 220 238 244 256 .78 .65 .68 .64
3312 Blast furnaces & steel mills 26.40 219 206 215 218 283 315 310 329 .77 .66 .69 .66
3313 Electrometallurigal products 1.95 631 624 * 514 699 676 * 552 .90 .92 * .93
3334 Primary aluminum 1.33 256 209 163 120 375 360 277 301 .68 .58 .59 .40

IW/TIW: intake water as % of total intake water for establishments withdrawing 20-million gallons of water or more annually;
IW/Q: intake water per unit of gross output (gallons/1957-59 dollar); GW/Q: gross water per unit of output (gallons/$);
IW/GW: intake water per unit of gross water; *: not available. Because gross output (Q) figures are not readily available,
the relationships IW/Q and GW/Q have been estimated using the following identities: IW/Q=(IW/VA)-(VA/Q) and GW/Q=(GW/VA)-
(VA/Q). Data on intake water (IW), gross water (GW) and value-added (VA) are taken from the Bureau of Census publications
on water use in manufacturing for 1954, 1959, 1964, and 1968. Since value-added given in 1964 and 1968 Water Use in Manu-
facturing are figures from the 1963 and 1967 censuses, they are adjusted respectively by the rates of change of Va from
1963 to 1964 and 1967 to 1968 for all establishments in the industry. Va is also deflated by appropriate wholesale price
indexes (1957-59=1007%) compiled from Wholesale Prices and Price Indexes, 1954-56, 1959 (June), 1961 (Feb.), 1966 (March,
June, Sept., Dec.), 1968 (Jan.), 1970, published by the Bureau of Labor Statistics. VA/Q is approximated by the ratio of
value-added to value of shipments adjusted by changes in inventories for all establishments in the industry as reported by
the Bureau of Census in Census of Manufacturers (1954, 1958, 1963, 1967) and Annual Survey of Manufacturers (1959, 1968).

Pt
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Table II-2

18

MAJOR 4-DIGIT WATER-USING INDUSTRIES

NUMBER OF ESTABLISHMENTS

WATER INTAKE 1964
(Billions of Gallons)

Actual
1967
SIC Description
2611 Pulp Mills 61
2621 Paper Mills 354
2812 Alkalies and
Chlorine 44
2818 Organic Chem.,
n.e.c. 488

2823 Cellulosic-fibers 23
2911 Petroleum Refining 437
3312 Blast Furnaces 329

* 3334 Primary Aluminum 25

Total Above 1,761(0.3%)

Surveyed* Total Average per
1968 ] Establishment
31 271 8.74
249 1,194 4.80
31 528 12.45
187 2,140 11.44
18 182 10.11
214 1,427 6.67
199 4,071 20,46
24 205 8.54

953(10.2%) 9,876(73.1%) 10.36

8,449(89.8%) 3,630(26.9%) 0.43

A1l Others (99.7%)
Grand Total (100%)

Source: 1967 Census of Manufactures

9,402(100%) 13,506(100%) 1.44

*0Only those using 20 million gallons or more annually were surveyed.
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We also report a third water-use measure, the reuse factor, which
indicates the number of additional times a gallon of intake water is
reused. This factor is:

Reuse Factor = (Gross water-Intake water)/Intake water.A

When analyzing the changes in industrial water over time, the reuse
factor is an extremely useful measure, but it must be interpreted care-
fully.

In general, an increasing reuse factor indicates an "improvement” in
wvater-use technology, but a decreasing reuse factor may not imply the
opposite. For example, higher reuse factors are usually possible when
water is used primarily for cooling purposes. If non-aquaeus substitutes
are found for cooling water (e.g., huge fans passing air over finned
pipes which contain a liquid to be cooled), the reuse factor can drop
dramatically. In such a case, gross water would also show a significant
reduction and the intake water would show a lesser reduction. Both of

the latter are 'improvements.'

Temporal and Industrial Variations in Water Intake

A major characteristic of manufacturing water use is the decline of
intake water per unit of gross output for most of the major water using
industries over the period 1954-68. In other words, the productivity
of intake water had been increasing over the period and may well have
continued to rise after 1968.

The intake-water/gross-output ratios for the four-digit major water

using industries were given in Table 1B. The derivations of these

ratios were also explained in details in the table. The same ratios are
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shown graphically in Figure TI-1A.

Between 1959 and 1968, the ratio declined from 310 gallons (per 1957-59
dollar of gross output) to 270 gallons (representing a 14 percent reduction
in ten years) for papermills and from 270 gallons to 230 gallons (a 17
percent reduction) for paperboard mills. It declined by 33 percent (from
440 gallons to 300 gallons) for organic chemicals (n.e.c.) and by 41 percent
(from 320 gallons to 190 gallons) for inorganic chemicals (n.e.c.) over the
period 1954-68. The ratio also declined by 20 percent (from 90 gallons to
70 gallons) for petroleum refining, but remained about the same for blast
furnaces and ;teel mills over the same period.

Furthermore, it can be seen from the table that the intake-water/output
ratios vary among industries. In 1968, for example, manufacturers of pulp-
mills, alkalies and chlorine, and electrometallurgical products used more
intake water for every dollar-value of output produced than the other

1ndustr:les.A

Productivity of Water and Intensity of Water Recirculation

The intake-water/output ratios have been decreasing for most of the
major water-using industries. In analyzing this.phenomenon, it is useful
to decompose the ratios according to the following identity:

Mo, M, I

Q Q GW

where IW stands for intake water, Q for gross output, and GW for gross

(2.1)

water. That is, the intake water per unit of output can be expressed

in terms of two multiplicative components: the gross water per unit of
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output and the intake water per unit of gross water. The former measures
the productivity of water while the latter the intensity of water recir-
culation. These two components are affected by common and different
factors, It will be our task to identify them.

As the identity in equation (2.1) indicates, changes in intake water
per unit of output over the period 1954-68 may be due either to changes
in the gross water per unit of output, or to changes in the intake water
per unit of gross water, or to changes in both components. It should be
noted that gross water represents the quantity of water that would be
required if no water were recirculated or reused in the processes of
production. Thus, it is gross water which bears direct relationship with
output and enters into the production function of output as an input.

The reciprocal of the gross water per unit of output variable thus stands
for the productivity of water. As shown in Table II-1B, the gross-water/
output ratios have continued to fall in the paper industry, most of the
chemical industries, the electrometallurgical industry, and primary
aluminum. However, the ratios have continued to rise in fertilizers

and exhibited no discernable trend in the other industries.

Turning to the intake/gross water ratio, also shown in Table II-1B,
most of the major water-using industries have experienced a continuous
decline in the ratio over the period 1954-68 or 1959-68. The downward
trend was much more evident in the intake-gross water ratio than in the
water-output ratio. For both the paper and the petroleum refining

industries, the intake-gross water ratios are quite low and use rates
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remarkably high. This reflects the technical feasibility of recirculating
intake water as well as the degree of sensitivity of management to water
use in those industries. It seems clear that the water-using industries
have placed emphasis on the reuse of intake water for meeting the
production requirements while minimizing the cost of water input.

Figure II-1B depicts these changes over time in the reuse factor
graphically. Here it is seen that. the Petroleum group (29*%* and 2911) not
only has the highest reuse factor in any time period, but this factor has
been slowly increasing since 1954. Since this industry makes extensive
use of cooling water, it is a prime candidate for the fin-fan cooling
mentioned earlier. It would not be surprising to see the reuse factor
in this industry level off or even decline in the future, due to the
substitution of air cooling for water cooling.

The paper industry (26*%*) has a high reuse factor, with paper mills
(2621) being slightly lower and pulp mills (2611, not plotted) being
slightly higher. Whereas the petroleum industry makes extensive use of
cooling water, pulp mills (particularly producers of pulp for unbleached
kraft) reuse process water which contains expensive, recoverable
chemicals. It is frequently the need to retrieve these chemicals which
allows the reuse of process water.

The chemical industry (28*%%) has the lowest average reuse factor.
Typically this industry does use considerable cooling water which .allows
higher reuse factors, but it also incorporates large volumes of water
in its final product, and requires much water for processing. These

latter two uses lower the reuse factor.
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The primary metals group (33%%) is dominated by Blast Furnaces (3312)
and Primary Aluminum (3334). For similar reasons, both of these industries
have lower than average reuse factors. Blast Furnaces do a considerable
amount of "washing" and "scrubbing" along with their cooling. In fact,
the jump in intake and gross water (and drop in reuse) between 1959 and
1964 may be due to the widespread introduction of "scrubbing" of stack
emissions to clean up the air. Primary Aluminum went to dry precipitators
instead of wet scrubbers because enough high priced alumina is recovered to
defray the higher costs.

In short, the intake water per unit of output is affected by the gross
water requirement of unit output as well as by the intake required to
produce a desired level of gross water. To see the relative importance
of these two components in affecting the intake water per unit of output,

we transform the multiplicative identity (2.1) into the following additive

identity:
d IW d GW d IwW
ac (—6) - T3 (—Q) . it 0 2.2)
P oW pild
Q Q GW

We have thus expressed the rate of change in the intake water per unit

of output as the sum of the rates of changes in the water-output ratio

and in the intake-gross water ratio.

The results are given in Table II-3 for the periods 1954-59, 1959-64,

and 1964-68 in terms of annual rates of changes in the variables. The



Table II-3

Annual Rates of Changes in Intake Water and in its Components

(%)
1954-59 1959-64 1964-68

S.I.C. Major water-using industry
AF A M| AF A6 MH| AP AG M
F G H F G H F G H
26 Paper -2.6 3.5 -6.1|- .2 -1.5 1.3]| -3.0 -3.0 0
2611 pulpmills * * * | -4.5 -3.2 -1.3| 1.0 - .5 1.5
2621 pulpmills, except building paper * * * .3 =2.1 " 2.4| -3.8 -4.7 1.0
2631 paperboard mills * * * (-2.3 -2.8 5| -1.6 - .3 -1.3
28 Chemical -3.5 -3.4 - .1]|-3.2 .4 =-3.6| -2.2 - .9 -1.3
2812 Alkalies & chlorine -1.6 -1.2 - .4)-3.3 -2.2 -1.1|-3.0 2.6 -5.6
2815 Cyclic intermediates & crudes -8.2 -4.6 -3.6|-8.0 -2.6 -5.4{ -1.0 - .3 - .7
2818 Industrial organic chemicals, n.e.c. 5 1.2 - .7}1-5.1 - .2 -4.9}-3.4 -4.4 1.0
2819 Industrial inorganic " " -4.,5 -3.1 -1.4(-6.0 -4.1 -1.9| 2.2 3.8 -1.6
2821 Plastics materials & resins -3.7 9 -4.6] 4.2 2.3 1.9} -4.3 -4.0 - .3
2823 Cellulosic manmade fibers * * * | -3.4 -7.3 3.9|-2.9 6.3 -9.2
2824 Organic fibers, noncellulosic * * * | =4.0 1.9 -5.9|-5.0 -1.8 -3.2
2871 Fertilizers =7 4.7 -5.4}- .7 4.7 -5.4 0 29.2 -29.2
29 Petroleum .2 6.6 -6.4]-1.4 -1.3 - .1}| -2, .1 -2.6
2911 Petroleum refining 0 6.1 -6.1|-1.4 -1.2 - .2|-3.7 - . -3.6
33 Primary metals -1.9 1.6 -3.5f 1.3 .5 .8 0 1.0 -1.0
3312 Blast furnaces & steel mills -1.2 2.3 -3.5 .9 -.3 1.2 A 1.5 -1.1
3313 Electrometallurgical products - .2 -.7 51-2.0 -2.0 0| -2.0 -2.0 0
3334 Primary aluminum -3.7 - .8 -2.9|-4.4 -4.6 .2|-6.6 2.2 -8.8

* : Not available.
Source of data:

F=IW/Q,
Table II-2.

G=GW/Q,

H=IW/GW

9z
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relative importance of the two components varied with industries and time
periods. 1In general, they were equally important in influencing the rates
of changes in the intake water per unit of output. However, the intake-
gross water ratio had played a relatively more important role than the

water-~output ratio in reducing the intake water per unit of output.

A Regression Analysis

If we treat the ratios given in Table II-2 as sample observations,
the significance of industrial and temporal variations in the intake water
per unit of output or in each of its components can be tested by analysis
of variance or covariance. Equivalently, regression analysis can be used
for that purpose,

We have run three regressions for the intake water-output ratio,
the gross water-output ratio, and the intake-gross water ratio respectively.
Each of them is explained by the same fifteen industry variables (2611,
2621, ..., 3334) and three time variables (1959, 1964, and 1968), whose
values assume 'l' for corresponding industry or year and '0' for other~

wise. Thus, the regression equation is as follows:
R=a1(2611)+a2(2621)+ 0o +a15(3334)+a16(1959)+a17(1964)+a18(1968)+u (2.3)

where R=IW/Q, or GW/Q, or IW/GW and 2611, ..., and 1968 are the dummy
variables.
The regression results, as given in Table II-4, have confirmed what

has been said above. The intake-water/output ratio had been decreasing



Table II-4
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Regression Analysis of Industrial and Temporal

Variations in Industrial Water Use

Regression Coefficients for
Dummy Variables
IW/Q GW/Q Iw/Gw

2611 595.3 (19.7) 1600.1 (25.3) .480 ( 7.5)
2621 368.9 (12.2) 846.8 (13.4) .510 (7.9
2631 317.9 (10.5) 817.5 (12.9) 457 (7.1)
2812 900.7 (35.7) 1024.4 (19.5) .887 ~ (16.6)
2815 179.7 (7.1) 237.9 ( 4.5) 634 (11.9)
2818 435.0 (17.3) 631.4 (12.0) .723 (13.5)
2819 282.7 (11.2) 558.1 (10.6) 524 (9.8
2821 122.5 ( 4.9) 152.9 ( 2.9) .589 (11.0)
2823 264.9 ( 8.8) 377.1 ( 6.0) .690 (10.7)
2824 132.6 ( 4.4) 131.1 ( 2.1) .660 (10.3)
2871 247.7 ( 8.9) 471.2 ( 8.1) .645 (10.9)
2911 135.7 ( 5.4) 357.9 (6.8 +350 ( 6.5)
3312 268.2 (10.6) 316.6 ( 6.0) .809 (15.1)
3313 634.1 (22.8) 637.2 (11.0) 1,025 (17.3)
3334 240.7 ( 9.5) 335.6 ( 6.4) 676 (12.6)
1959 - 31.9 (1.7) 40.2 ( 1.0) -.108 ( 2.7)
1964 - 81.4 ( 4.3) - 44,7 (1.1) -.136 ( 3.4)
1968 2 -101.6 ( 5.5) - 24.9 ( .6) -.211 (5.3
Adjusted R .961 .940 .790

Standard Error 44.1 92.1 .094
F-statistics 77.3 48.5 12.5

1. Method of estimation:

least-squares method

2. Number of observations: 53.

3. Source of data:

Tabl

e II-3

4. The last three variables are time variables and values in parentheses are
t-statistics

5. The .5%- and 2.5%- critical values for t-distribution
are 2.7 and 2.0 respectively while the 1%- critical
value for F-distribution is 2.5.
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over the 1954-68 period. The decrease in the ratio is 32 gallons (per
1957-59 dollar of gross output) between 1954 and 1959, 51 gallons between
1959 and 1964, and 20 gallons between 1964 and 1968. The reduction there-
fore was more pronounced during the second subperiod. The intake-gross
water ratio had been also decreasing over the same period but the decrease
was more pronounced during the third subperiod. However, the water—-output
ratio first increased, then decreased, and increased again during the
1954-68 period. The results also show that the decrease in the intake-
water/output ratio was due to the reduction in the intake-gross water ratio
during 1954 to 1959 and 1964 to 1968 but primarily to the reduction in the

water-output ratio during 1959 to 1964.

Regional Variations in Water Use

Not only is water use concentrated within a few industries, it is
concentrated geographically as well. In 1968, 28 percent of the water
withdrawn for the paper industry is from the Southeast, 15 percent from
Pacific Northwest, and 12 percent from New England. For chemicals, 30
percent of water intake is from Western Gulf, 16 percent from the Ohio
River, and 9 percent from Tennessee; for petroleum, 27 percent is from
Western Gulf, 23 percent from Delaware & Hudson, and 12 percent from Western
Great Lakes; for metals, 29 percent from the Ohio River, 24 percent from
Western Great Lakes, 19 percent from Eastern Great Lakes (St. Lawrence).
Moreover, of the water withdrawn by all the manufacturing establishments

using 20-million gallons or more annually, 16 percent is from the Ohio
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River, 13 percent from Western Gulf, 12 percent from Western Great Lakes,
and 11 percent from Eastern Great Lakes (St. Lawrence).

Regional differences in water-use within an industry group are
illustrated in Figures II-3 and II-4 which show plots of regional intake-
water-per-value-added measures for each of the heavy water-using groups,
for which regional time series data was available. (Plots for all of the
measures are contained in the Appendix.) In order to identify any regional
effects on water use, it was convenient to index each regional measure
against the national average. The base year for all indices was 1959.

A map of the water regions is shown in Figure II-5.

Figure II-6 illustrates some of the regional effects on the use of
water. This plot shows two regions which are characterized not only by
different water availability but also by different ages of technology.A

There are two definitive conclusions which can be safely derived
from these plots: first, similar industries use substantially
different amounts of water in different regions, and therefore must
differ even more on an establishment basis; second, there is considerable

change in water-use over time.
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Figure II-5

Industrial Water Use Regions
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Industry Variations Within Regions Over Time

According to economic theory, as technology advances and the price of
water increases, the application of intake water per unit output ought to
diminish. Table II-5 indicates that this is, in fact, taking place.
According to the table, for manufacturing as a whole, intake water per
dollar of value added declined by 22 percent between 1959 and 1968. In
1959, 152 gallons of intake water were required to produce one dollar of
value added. By 1968, only 119 gallons were required.

Each of the four major water-using industries, shown in Table II-5,
experienced reductions at the national average level, although to different
degrees. The biggest change, a reduction of 39 percent, occurred in the
petroleum group, an industry which uses water primarily for cooling. Cool-
ing water, generally, is the simplest and least expensive to recirculate.

In addition to the marked decreases in the use of intake water
observable in the time series data, the cross sectional data for 1968

indicate that there is also considerable regional variation in the intake
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Table 1II-5

INTAKE WATER PLR VALUL ADDED (1959 DOLLARS), 1959-1968
LEVELS AND CHANGE BY INDUSTRY AND REGION

Al968:

68/59:
RI.68:

Northeast
(51)

Delaware § Hudson
(52)

Chesapeake Bay
(53)

Eastern Great Lakes
(54)

Ohio River
(55)

Tennessee
(56)

Southeast
(57)

Yestern Great Lakes
(58)

LEGEND

1968 Thousands of Gallons Intake Water per Dollar
of Value Added

Ratio of 1968 to 1959 Measure

Ratio of 1968 Regional Measure to 1968 National
Average

MAJOR WATER USING MANUFACTURING GROUPS
All
Index Paper Cheml Petro Metal - Mfn'g

A1968 0.469 0.152 0.141 0.060 NA
68/59 0.98 0.79 0.16 0.71 -
RI.68 0.98 0.56 0.44 0.16 -

A1968 0.248 0.090 0.700 0.275 0.100
68/59 0.56 0.80 0.71 1.00 0.79
RI.68 0.52 0.33 2.18 0.74 0.84

A1968 0.489 0.245 NA 0.468 0.153
68/59 0.76 0.73 - 1.33 0.99
RI.68 1.03 0.90 - 1.26 1.29

A1968 0.434 0.329 0.331 0.460 0.109
68/59 0.91 0.75 0.64 1.09 0.83
RI.68 0.91 1.21 1.03 1.24 0.91

Al1968 0.208 0.281 0.182 0.372 0.154
68/59 0.79 0.61 0.53 0.94 0.85
RI.68 0.44 1.03 0.57 1.00 1.30

A1968 0.425 0.277 NA 0.068 0.190
68/59 0.58 0.66 - 1.35 0.78
RI.68 0.89 1.02 - 0.18 1.60

A1968 0.678 0.160 0.360 0.173 0.151
68/59 0.93 0.77 1.27 0.91 0.97
RI.68 1.42 0.59 1.12 0.46 1.27

A1968 0.392 0.120 0.520 0.550 0.155
68/59 1.03 0.74 0.63 1.21 1.03
RI.G8 0.82 0.44 1.62 1.48 1.31



Upper Mississippi
(59)

Lower Mississippi
(60)

Missouri
(61)

Arkansas

(62)

Western Gulf
(63)

Colorado
(64)

Great Basin
(65)

California
(66)

Pacific Northwest
(67)

UiInited States
(99)

Table II=5 (Continuecd)

37

All
Index Paper Chenl Petro l!etal  Mfn'g
Al1968 0.388 0.109 0.425 0.256 0.084
68/59 1.04 1.13 3.24 1.11 1.25
RI.68 0.82 0.40 1.32 0.69 0.71
A1968 0.656 0.309 0.521 NA 0.369
68/59 2.14 0.81 0.71 - 0.84
RI.68 1.38 1.13 1.62 - 3.11
A1968 0.943 0.060 0.122 0.133 0.064
68/59 1.48 0.54 0.45 0.90 0.70
RI.68 1.98 0.22 0.38 0.36 0.54
Al1968 0.326 0.248 0.062 0.224 0.106
68/59 1.04 0.97 0.59 1.11 1.22
RI.68 0.68 0.91 0.19 0.60 0.89
Al1968 0.529 0.584 0.256 0.482 0.323
68/59 1.25 0.61 0.49 1.43 0.65
RI.68 1.11 2.14 0.80 1.29 2.72
A1968 NA NA NA 0.166 0.052
68/59 - - - 0.57 0.60
RI.68 - - - 0.45 0.44
A1968 NA NA NA NA 0.104
68/59 - - - - 0.61
RI.68 - - - - 0.87
A1968 0.408 0.078 0.270 0.039 0.042
68/59 1.42 0.77 0.59 0.95 0.70
RI.68 0.86 0.29 0.84 0.10 0.35
A1968 0.782 0.627 0.039 0.229 0.221
68/59 1.01 1.41 0.41 1.11 0.85
RI.68 1.64 2.30 0.12 0.62 1.86
A1968 0.476 0.273 0.321 0.372 0.119
68/59 0.91 0.82 0.61 0.92 0.78
RI.68 1.00 1.00 1.00 1.00 1.00
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per value added measure in the United States. This is due to the differ-
ences in water use in "new" and "old" technologies to the general avail-
ability of water, and to the differences in water quality. The highest
regional average (3.11 times the national average) occurs in the Lower
Mississippi region, an area well-endowed with water for industry. Between
1954 and 1964 this region experienced a moderate increase in intake water
per value added. By 1968, intake was declining, but was still above its
1954 level. This one percent increase in the 1954 to 1968 period is in
dramatic contrast with significant intake/value added declines in every
other region of the country. These declines ranged from 10 percent to

40 percent,

The lowest levels of intake/value-added are observed in California
and Colorado, areas which have long been known for their shortages of
water. These regions also experienced the greatest percentage reductions
in intake/value-added since 1959.

These regional averages are not surprising. Industries which require
large amounts of water for processing try to avoid regions which are short
on water supplies. In fact, the Colorado region has so few of the four
major water-using industries that the Census reported no values for paper,
chemicals and petroleum to avoid violating the privacy of individual report-
ing units. The Great Basin displays a similar absence of water-using
industry.

One way in which these rather substantial reductions in intake water

have been achieved is by increased recirculation. The levels of re-use,
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changes in the levels, and the ratios of the regional re-use factors
to the national average are shown in Table II-6. As reported in the
table, the re-use factor equals gross water applied minus intake water
divided by intake water.

In 1968 the average re-use factor for all manufacturing industry
was 1.64, indicating that in the absence of any recirculation, an
additional intake of 1.64 gallons of water would have been required for
each gallon actually withdrawn to satisfy gross water needs. The table
indicates that this re-use factor increased almost 40 percent since
1959, and has almost doubled since 1954.

By looking at Table II-7, which shows similar measures of gross
water-use per dollar of value added, it is apparent th;t little change
has occurred in the application of gross water per unit output. A drop
of only 6 percent is observed. It is obvious that recirculation has
been the major compensating factor for the reduction in intake water
in manufacturing. On the other hand, two of the four major water-using
industries have made significant reductions in the amount of gross water
applied per unit of value added. The paper and petroleum industries have
reduced their gross need for water by 15 to 30 percent over the ten year
time period.

The regional variation in the reuse factor, as in intake, is con-
siderable. From a high of 6.30 (3.8 times the national average) in the
amply supplied Arkansas region (characterized by late arrival of industry,

and a corresponding newer technology on the average) to a low of 0.57



40

Table II-6

RE-USE FACTORS: LEVELS AND CHANGES, 1959-1968
BY INDUSTRY AND REGION

LEGEND
Al1968: Re-use Factor (1968) = (Gross Water - Intake Water)/(Intake Water)
68/59: (Re-use Factor (1968)/(Re-use Factor (1959)).
RI.68: (Re-use Factor (1968 region))/(Re-use Factor (1968 US)).

MAJOR WATER USING MANUFACTURING GROUPS

All
Index Paper Cheml Petro Metal }Mftn'g
Northeast A1968 1.178 0.400 NA 0.542 NA
(51) 68/59 1.23 2.00 - 2.11 -
RI.68 0.62 0.36 - 0.98 -
Delaware § Hudson Al19668 3.067 0.740 1.367 0.392 1.012
(52) 68/59 2.75 1.46 1.15 2.07 1.12
RI.68 1.62 0.67 0.34 0.71 0.62
Chesapeake Bay A1968 1.481 1.068 NA 0.252 0.785
(53) 68/59 0.28 2.10 - 0.51 0.54
RI.68 0.78 0.97 - 0.45 0.48
Castern Great Lakes Al1968 1.282° 0.645 2.875 0.532 0.895
(54) 68/59 0.95 2.32 2.33 1.93 1.50
RI.68 0.68 0.58 0.70 0.96 0.54 ~
Ohio River A1968 2.140 0.717 7.100 0.539 0.783
(55) 68/59 1.13 1.68 2.21 1.51 1.51
RI.68 1.13 0.65 1.74 0.97 0.48
Tennessee Al1968 2.486 0.835 NA 3.000 1.303
(56) 68/59 1.12 2.98 - 1.50 1.03
RI.68 1.31 0.76 - 5.42 0.79
Southeast A1968 1.924 3.020 4.222 3.012 2.324
(57) 68/59 0.97 3.51 - 1.32 1.43
RT.68 1.01 2.74 1.03 5.44 1.41
estern Great Lakes A1968 0.878 1.013 1.388 0.269 0.574
(58) 63/59 0.45 2.58 1.39 0.49 0.78

RI.68 0.46 0.92 0.34 0.49 0.35




Upper Mississippi

(59

Lower Mississippi
(60)

Missouril
(61)

Arkansas
(62)

Western Gulf
(63)

Colorado
(64)

Great Basin
(65)

California
(66)

Pacific Northwest
(67)

United States
(99)

Table II-6 (Continued)
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All
Index Paper Cheml Petro Metal Mfn'g
Al1968 1.102 1.757 2.648 0.789 1.302
68/59 1.16 1.21 0.27 0.75 1.09
RI.68 0.58 1.59 0.65 1.42 0.79
Al1968 1.650 3.263 2.701 NA 1.844
68/59 0.82 1.99 0.94 - 1.44
RI.68 0.87 2.96 0.66 - 1.12
A1968 0.840 5,333 8.045 0.444 3.029
68/59 0.93 2.50 1.48 0.89 1.39
RI.68 0.44 4.83 1.97 0.80 1.84
Al1968 3.859 4.576 26.731 2.176  6.300
68/59 0.64 1.60 1.44 1.02 1.03
RI.68 2.04 4.14 6.55 3.93 3.83
A1968 6.037 1.596 6.906 1.420 2.985
68/59 1.21 2.68 1.09 0.62 1.48
RI.68 3.18 1.45 1.69 ° 2.56 1.82
A1968 NA NA NA 5.636 5.217
68/59 - - - 0.71 0.92
RI.68 - - - 10.17 3.18
A1968  NA NA NA NA 4.818
68/59 - - - - 1.54
RI.68 - - - - 2.93
Al1968 2.553 4.643 4.379 10.929 3.708
68/59 0.44 1.68 1.62 1.44 1.40
RI.68 1.35 4.21 1.07 19.73 2.26
A1968 2.207 1.534 16.750 2.222 2.098
68/59 1.05 18.48 1.12 5.80 1.54
RI.68 1.16 1.39 4.11 4.01 1.28
Al968 1.896 1.104 4.080 0.554 1.643
68/59 0.89 1.80 1.21 1.04 1.39
RI.G8 1.00 1.00 1.00 1.00 1.00
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GROSS WATER PER VALUE ADDED (1959 DOLLARS), 1959-1968

LEGEND

A1968: 1968 Thousand of Gallons Gross Water per Dollar of
Value Added

68/59: Ratio of 1968 to 1959 Measure
RI.68: Ratio of 1968 Regional Measure to 1968 National

Average.

Northeast

(51)

Delaware § Hudson
(52)

Chesapeake Bay
(53) '

Fastern Great Lakes
(54)

Dhio River
(55)

Tennessee
(56)

Southeast
(57)

Yestern Great Lakes
(58)

MAJOR WATER USING MANUFACTURING GROUPS

All
Index Paper Cheml Petro Metal Mfn'g
Al1968 1.021 0.213 0.141 0.092 NA
68/59 1.09 0.92 0.16 0.86 -
RI.68 0.74 0.37 0.09 0.16 -
Al1968 1.009 0.156 1.658 0.383 0.200
68/59 1.07 0.92 0.76 1.17 0.84
RI.68 0.73
A1968 1.214 0.508 NA 0.586 0.273
68/59 0.30 1.00 - 1.11 0.72
RI.68 0.88 0.89 - 1.01 0.87
A1968 0.989 0.541 1.282 0.705 0.206
68/59 0.88 0.96 1.11 1.30 0.99
RI.68 0.72 0.94 0.79 1.22 0.66
A1968 0.653 0.483 1.457 0.572 0.274
68/59 0.85 0.74 1.02 1.07 1.00
RI.68 0.47 0.84 0.90 0.99 0.88
A1968 1.481 0.508 NA 0.274 0.437
68/59 0.63 0.95 - 1.79 0.79
RI.68 1.08 0.89 - 0.47 1.39
A1968 1.982 0.644 1.882 0.694 0.501
68/59 0.91 1.66 6.62 1.12 1.22
RI.68 1.44 1.12 1.15 1.20 1.60
A1968 .0.735 0.241 1.241 0.697 0.245
68/59 0.66 1.07 0.75 1.00 0.94
RT.68 0.53 0.42 0.76 1.20 0.78
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Table II-7 (Continuecd)

All

Index Paper Cheml Petro Metal Mfn'g

Upper Mississippi A1968 0.816 0.300 1.550 0.458 0.194
(59) 68/59 1.12 1.26 1.10 0.96 1.31
RI.68 0.59 0.52 0.95 0.79 0.62

Lower Mississippi A1968 1.739 1.318 1.926 NA 1.050
(60) 68/5 1.89 1.31 0.68 - 1.05
RI.68 1.26 2.30 1.18 - 3.35

Missouri A1968 1.736 0.377 1.099 0.193 0.258
(61) 68/59 1.44 1.09 0.64 0.87 0.88
RI.68 1.26 0.66 0.67 0.33 0.82

Arkansas A1968 1.583 1.384 1.718 0.712 0.778
(62) 68/59 0.71 1.40 0.83 1.13 1.26
RI.68 1.15 2.41 1.05 1.23 2.48

Western Gulf A1968 3.725 1.515 2.024 1.165 1.286
(63) 68/59 1.47 0.99 0.53 1.05 0.86
RI.68 2.70 2.64 1.24 2.01 4.10

Colorado A1968 NA NA NA 1.101 0.322
(64) 68/59 - - - 0.42 0.56
RI.68 - - - 1.90 1.03

Great Basin A1968 NA NA NA NA 0.606
(65) 68/59 - - - - 0.87
RI.68 - - - - 1.93

California A1968 1.450 0.442 1.451 0.461 0.193
(66) 68/59 0.74 1.16 0.85 1.30 0.89
RI.68 1.05 0.77 0.89 0.80 0.62

Pacific Northwest Al1968 2.507 1.590 0.698 0.738 0.686
(67) 68/59 1.04 3.29 0.45 2.59 1.12
RI.68 1.82 2.77 0.43 1.28 2.19

United States A1968 1.378 0.573 1.633 0.579 0.314
(99) 68/59 0.85 1.07 0.70 0.93 0.94

RI.68 1.00 1.00 1.00 1.00 1.00
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(about one third of the national average) in the Western Great Lakes
(characterized by an older technology, and the availability of the
Great Lakes water). It is noteworthy that in 15 of 18 regions the
change in the regional reuse factors for all industries has been to
increase the reuse of water. The three exceptions occurred in two of
the western regions and in a dry region where they still have a reuse
factor over three times as big as the national average.
By industry, 46 of the 60 reported reuse factors increased

between 1959 and i968. Thirteen of the fourteen exceptions, which

are at this time unexplained, are in the paper and steel industries.

Conclusions: Water in Process

Although the data presented here are highly aggregated, it is
clear that considerable technological change in the use of water is
occurring over time, and that, subject to available technologies and
the cost of applying them, marginal shortages in the supply of water
can be tolerated even in the major water-using industries.

These observations have several important planning implications.
First, industrial water use can and does respond to changes in water
costs and production technology. The capacity for response is rather
significant, both over time and during any point in time. Within
industries it is not uncommon for the application of water to vary
by a factor of ten. In the relatively homogeneous petroleum industry,

for example, gross water used per $100,000 of value added in New




45

England is 2.43 million gallons while in the Southeast it is 32.3 million
gallons. Similarly, the application of intake water varies considerably.
This variation is also dramatically illustrated in the petroleum industry.
In the Delaware and Hudson region, almost six times as much water is with-
drawn per dollar of output as in the Missouri regionm.

The ability of industry to respond both hy changing production
processes and the location of production facilities requires that we
more fully understand how these changes are made if we are to accurately
predict future industrial water needs and allocate the ihmited resources
available for water supply development efficie?tly. It further suggests
that the all-to-common technique of predicting future water needs simply
by extrapolating current patterns of water-use are not justified.

In fact, it is quite possible that the current forecasts of water
"requirements" which dc not recognize possible technological responses
to water scarcity may prove to be "accurate" in a grossly erroneous
manner. When other factors of production are also available at reason-
able cost in the regions where simple forecasts are made, the forecasts

may well be self-fulfilling in that industry may respond and make use of

whatever water is made available. Unfortunately, the chances are that

the price paid for the benefits obtained will be higher than was necessary.
Further, since changes in production technology appear to be in the

water-saving direction, the future demand for industrial water is likely

to be even less than would be predicted from today's price-response

coefficients, The need, clearly, is for a fuller elaboration of the

response of industry to technical change and factor price adjustments.
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Summary

Water use in manufacturing in the United States has been concentrated
in a few four-digit SIC industries for each of the four major water-
using industries: paper, chemical, petroleum, and primary metals. The
intake-water/gross-output ratios for most of these industries had been
decreasing over the period 1954-68 and may.well have conéinued to fall
after 1968. The reductions in the ratios can be attributed to increases
both in the productivity of gross water and in the intensity of water
recirculation. The latter, however, had played a relatively more important
role than the former in reducing the intake water per unit of output. The
relative increase in the cost of water input, caused by thelincreasing
cost of treating effluent water due to increasingly strict water pollution
controls, has prompted firms to economize on the use of water intake and

to place emphasis on the recirculation of ﬁater used.
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Chapter III

Water and the Plant Location Decision

The spatial configuration of the U. S. economy is continually changing.
The public is well aware of the much publicized statistic that one family
in five relocates annually. Almost unknown is that the corresponding
figure for manufacturing jobs is one in twenty.A With 5 percent of all
manufacturing jobs changing their location annually, the possibilities for
major spatial adjustments in a short period of time in response to funda-
mental changes in factor prices or final product markets are substantial.

In this chapter we shall examine the spatial adjustments occurring
in the water using manufacturing industries and attempt to identify the
factors contributing to these changes.

Our primary attention, of course, is to the impact of water on the
spatial distribution of activity. We will, however, attempt to identify
other factors as well to place the influence of water in better perspective.

Our discussion is divided into three parts. In Part I we identify
the factors which practitioners indicate dominate the plant location
decision. To see how the importance of each of these factors has varied
over time, we present a brief capsulization of site selection factors
identified in an annual survey by a major industry trade journal for
the period 1968 to 1973.

In the remainder of the chapter we present a more typically adacemic dis-

cussion in the form of an analysis of two samples of data on changing industry
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location patterns. In Part II wve examine data derived from Dun & Brad-
street sources which allow us to monitor regional changes in employment
levels for relevant industries between 1969 and 1971. This unusual sample
allows us to disaggregate net employment changes in regions into the
components creating change. In this fashion we can identify those regions
most conducive to the development of new industrial plants, the regions
experiencing industry growth and the extent to which plant migration affects
the regional distribution of qnp;oyment.

Part III focuses on another unusual sample of 148 planned plant expansions
and planned new plants for the year 1972. In this section an effort is
made to identify the relative importance of access to water transportation

on the site selection decision.

A Disclaimer

At the outset of the discussion we would like to acknowledge an
important fact all too rarely mentioned in site selection discussions.
There 1s a great tendency to emphasize secondary location factors in
industry location éiscussions, primary factors having already determined
the basic thrust of the ultimate location decision. The almost certain
mention of local property taxes in any plant location discussion is an
example of this tendency. Of course, taxes matter; but of substantially
greater importance are more fundamental management decisions that impinge
upon the location decision. Once a marketing strategy has been identified,

a production technique selected and a corporate control structure adopted,
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the location decision is almost determined. A virtually endless set of
possible locations has suddenly been reduced to perhaps a dozen viable
alternatives on the basis of a set of management decisions rarely identified
as "plant location" decisions.

In this chapter, we cannot expand the location discussion to cover
the whole range of management decisions which affect the site decision.
Rather, we can temper our conclusions regarding more traditional location
factors by acknowledging at the outset that the plant site selection
decision is but one decision among many fundamental logistics decisions
made by the firm and that, in turn, logistics decisions are only a part

of a broader set of corporate marketing and profit making strategies.

Part I: An Industry Perspective: 1968 to 1973

Articles on individual plant location decisions are reasonably
common to the industry trade journals. Similarly, fairly general dis-
cussiohs of site selection problems are also common in the technical

literature. One such general discussion, however, in Chemical WeekA

has the unique characteristic of recurring annually during the month of
October. An examination of the factors identified in this annual survey
and the changing emphasis from year to year provides a useful insight
into the changing nature of plant location problems in water using
manufacturing industries.

Table III-1 identifies the location factors most frequently discussed

by Chemical Week. Several facts stand out in the table. First, trans-
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Table III-1

Location Factors Identified by Annual Chemical Week

Factor

Transportation

Energy

Water

Environment

Taxes and Incentives 1973:

1968:
1969:
1971:
1972:
1973:

1971:
1972:
1968:

1969:
1971:

1972:

1973:

1971:

1973:

Labor

Raw Materials

1973:

1971:

Survey Article

Comments

"still rates top rank"

"almost always the deciding factor"

"single most important consideration"

"pushed into the background"

"taking on new significance ... [due to] the
energy crisis"

"a top factor in site selection this year"
"single most important element in chemical
plant location"

"regional variations in pollution controls"
exploitable

"lenient state pollution laws attractive'

"regional variation in pollution control no
longer an attraction"

"cooling water availability the primary water
issue" (emphasIs added)

"renewed interest in water availability" due
to tougher pollution controls

"shifting from rules, regulations and quantita-
tive limitations to less tangible questions";
"subtle pressures"

"regional differences are being paled by the
sheer complexity and cost of meeting require-
ments virtually anywhere"

in industrial bond issues” for pollution
control investment
"construction labor scarce"

"location at the source"

"medium significance"; "a startling resurgence
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portation is clearly a dominant factor in the location decisions of
basic industries. The emerging energy shortages which are increasingly
cited as location factors actually reinforce this importance. Sites
close to oil, gas or coal have always been attractive. Today, coastal
sites which provide access to foreign energy sources are especially
attractive., The need to locate at major transportation interchanges
to guarantee access to alternative energy sources is also considered
desirable to avoid temporary short falls in supply from a particular
source. The emphasis, not surprisingly, is on coastal sites with deep
water ports. If a site is also served by pipeline, inland waterway or
rail service to major energy sources (e.g., coal producing area), its
attractiveness is further enhanced.

The recent world-wide experience with commodity price inflation
suggests that access to raw materials and alternative raw material
supplies will further encourage coastal locations and heighten the
importance of transportation calculations.

This is the case, first, because of the expense of assembling
raw materials, the need to have access to alternative sources of
supply (both foreign and domestic) and the increased cost of product
distributio; that will ultimately result from higher energy costs.
Already, firms are shifting to two highly specialized forms of trans-
portation: at one extreme, slow, low cost water transportation for
bulk commodities is increasing in importance at the same time that
high cost private trucking is expanding to satisfy the needs for quality

service and dedicated equipment.
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As Chemical Week observed:

To minimize transportation costs, companies are increasing
efforts to locate on waterways, since water freight rates

are usually the lowest of all modas. A 7o minimize costs,
chemicals companies are turning to water transportation and
private trucking. Waterside location is also being stimulated
by prospects that imported feedstocks will be needed in
future years and_by the industry's large requirements for
process water.

To illustrate the quantitative importance of these phenomena, between
1963 and 1967 the share of final product in petroleum refining shipped by
water (exclusive of pipeline movements) increased from 76.9 percent to
82.6 percent, Similarly, final shipments of steel by water during the
same period increased from 6.9 percent to 7.4 percent. More heterogeneous
outputs, such as the various final products from chemical plants were more
likely to move by truck, which by 1973 accounted for 50 percent of the
chemical industry shipments, up from 45 percent since 1968.

The attractiveness of the Maine coast as a refinery location illus-
trates many of the factors now affecting location decisions. In Maine,
there are several attractive deep water port possibilities able to receive
both foreign and domestic (Alaskan, as well as continental shelf reserves)
crude oil supplies., Maine 1s located in the energy hungry Northeast
market, thereby substantially increasing the attractiveness of a Maine
location. Plans to build at the site, however, are mired in public
debate regarding some very real ecological costs of development. Rounding
out a not atypical example, the alternative sites are probably not even

in the United States but rather in rapidly developing Nova Scotia willing

to pay the price in environmental deterioration.
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Water for processing as a location issue appears to be of decreasing
importance. Unable to exploit regional variations in pollution abatement
requirements and faced with ubiquitously high resource costs, the avail-
ability of water for processing is no longer even identified as a factor

in the Chemical Week survey.

Water for cooling is still important, however, but according to

Chemical Week might be less so in the future. If nuclear power generation

substantially increases with attendant thermal pollution, available supplies
of cooling water might decrease still further. The need to locate near
the power might well dominate the desire for cooling water.

This is likely to be the case because of the ready availability of
(costly) air cooling techniques. Although not yet cost justified, air
cooling might well become feasible in the near future, providing plants
with still less attachment to industrial water supplies.

Environmental considerations continue to affect plant site decisions.
As in the Machiasport example, it is often intangible evaluations of the

environmental deterioration which matter. As Chemical Week points out,

the rules, regulations and high costs exist virtually everywhere. More
important than these quantitative restrictions perhaps is a change in

the nation's emerging growth ethic. The "no-growth" policies of Governor
McCall in Oregon typify the change in attitude in the extreme. A major
consequence of this new ethic is the tendency to expand at existing sites.

Chemical Week entitled its 1973 site survey, "They're Building Close to

Home~-If They Can," The costs and time lags in approving new sites are
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contributing substantially to the locational inertia of a set of industries

not very mobile in the first place.

Part I1: Shifting Employment Patterns in Water Using Industry

Much of empirical economics is devoted to distinguishing between what
economic decision makers say and what they actually do. No where is it
more necessary to make this distinction than in the discussion of industry
location decisions. Academics are well known for the frequency with
vhich they criticize practioners for focusing location discussions on
secondary or even tortiary considerations,

We have just examined the lqcation factors identified by industry
as important to their decisions. The relative emphasis on various factors
has shifted over time. It is quite appropriate to ask whether these shifts
in emphasis actually manifgst themselves in discernible changes in the
industry location pattern or are they merely journalistic responses to

currently popular issues. Does Chemical Week's shift in emphasis from trans-

portation to energy merely reflect their accurate and early perception of

emerging energy shortages or is there more substance to their observations?
In this section and in Part III we examine two unique sets of data

on shifting location patterns which should provide some insight regarding

the relative importance of location factors, measured by actions, as

opposed to importance measured by statement. Our initial attention is

to regional shifts in employment in the water using manufacturing industries.
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The Sample

The following analysis is based on a sample of 2300 manufacturing
establishments in the eight four-digit industries which account for
approximately two-thirds of industrial water withdrawals (see Chapter
II). The establishments were drawn from data acquired from the Dun &
Bradstreet Corporation. For 2101 of these establishments, we have
employment and location data for two points in time: 1969 and 1971.
The remaining 199 establishments are all single establishment firms

founded since 1969.A

Our objective is to observe regional shifts in the location pattern
of employment in these water-using activities. To avoid excessive
geographic detail and hopefully to provide a more meaningful inter-
pretation from a water supply perspective, we restricted our analysis
to the water resource regions defined by the U.S. Census in the Survey
of Industrial Water Use and subdivided by Wollman and Bonem.B The
boundaries of these areas are shown in Figure III-1.

We examine the changes in the level of water-using activity in
these regions, rather than the levels themselves. This is an important
methodological point: because of the capital extensive nature of the
industries under study, relocation is costly. To analyse levels of
activity is equivalent to analysing the cumulative result of decisiomns

made over a large period of time under widely varied conditions. By
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examining changes in levels, we see the importance of those factors
which affect current location decisions.

Where possible, changes in the levels of regional activity are dis-
aggregated into their component parts. Change can occur in a number of
ways. A region can grow or contract as a result of industry migration,
the demise of existing firms, the establishment of new ones or the
expansion/contraction of existing ones. We might expect each of these
components of changes to respond somewhat differently to public policy.
For example, relocating firms might behave differently from those which
do not relocate.

This analysis will address three important questions. First, how
rapidly is change in the location pattern occurring? Second, what are
the important components of this change? Third, do regions which are

favorably endowed with abundant water gain relative to water—-short areas?

Two Caveats

There are two important limitations to the data source used in this
analysis. First, we have no accurate information on the regional impact
of industrial mortality in either this sample or in the sample which is
the basis for discussion in Part III of this chapter. It is at least
conceivable (although we think unlikely given our past experience with
location analysis) that there are important regional differences in the
rates of establishment failure as a consequence of changing location

considerationg, The demise of the paper industry in the industrially
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mature northeastern United States, for example, is frequently attributed
to the high costs of water pollution abatement. We are not currently
able to identify any of those dying establishments.

The second and more serious deficiency in our data, however, is
that our information on new plants is limited to plants in single establish-~
ment firms. In multi-plant firms, our data set provides no information as
to the "newness'" of a plant. The oligopolistic structure of the industries
under analysis suggests that new establishments in multi-plant firms are
likely to be of substantial importance. The data set employed in Part
IITI contains information which partly offsets the
deficiency here. Further offsetting this data deficiency is our expecta-
tion that the regional influence of new plants in multi-establishment
firms would be much the same as that of new single-establishment firms.
There is a difference in the location pattern of these two types of
establishments, but it is largely an intra-regional phenomenon. The
simplest difference, for example, is that single plant firms tend to be
small and are often more strongly oriented to metropolitan areas.

The implications which can be drawn from the sample are limited by
the size of the known omissions. The scope of the problem is indicated

in Table III-2,



Table 111-2

Description of the Dun & Bradstreet Sample Data

VALIDATED SAMPLE USED

Movers (Single establishment

firms (S) and branches of
multiplant . firms (B))

Non-Movers (S and B)
Known Births (S only)

TOTAL

OMITTED FROM FINAL SAMPLE

Known Additions to Dun &
Bradstreet Coverage (S)

Branches Missing in the
1969 File (births?)

Establishments Missing
in the 1971 File

TOTAL

60

EMPLOYMENT
ESTABS. 1969 1971
124 92,038 100,489
1,532 788,685 823,170
199 - - - 8,568
1,855 880,723 932,227
234 ? 8,827
453 ? 75,013
892 161,102 ?

1,579

?
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Changes in the Location Pattern

Table III-3 shows the regional distribution of employment in our
sample establishments both in 1969 and 1971. 1t is interesting to observe
that only 4 of the 21 regions showed absolute employment declines: Dela-
ware & Hudson, Chesapeak Bay, Upper Western Gulf and Lower California.

The Upper Western Gulf and Lower California suffer from a seriously limited
water supply, while the other two are water abundant areas. According to
Bonem and WOllman,A assuming no water saving technological change and the
highest rates of population growth considered possible, water will be
readily available in the Chesapeake Bay region at a marginal intake cost

of less than 2¢ per thousand gallons beyond the year 2020. The Delaware

& Hudson Region is expected to exceed the same limits after the year

2000, but before 2020.

It is also evident from Table III-3 that significant regional shifts
in location occur in very short time periods even in industries which are
highly capital extensive, Both the Ohio River region and the Western
Great Lakes have employment changes in excess of 10,000 employees in
this two year period.

-Table II11-4 identifies the components of employment change in the
sample., The biggest component of regional change is employment change
in non-relocating establishments. Almost 67 percent of the total employment
change in our sample is attributable to non-relocating establishments.

Relocating establishments accounted for 16.4 percent of the employ-

ment increase with growth being an important characteristic of moving



Table III-3

Regional Distribution of Employment
in Sample Establishments, 1969 and 1971

62

Employment in Sample Sample Change

Water Resource Region p%g%gblishmeTg§z EMPLOYﬁgg%—197%:RCENT
51  NORTHEAST 35,926 37,506 + 1,580 + 4.4
52  DELAWARE-HUDSON 96,314 95,834 - 480 - 0.5
53  CHESAPEAKE BAY 58,995 57,491 - 1,504 - 2.5
54  EASTERN GREAT LAKES 87,659 91,104 + 3,445 + 3.9
55 OHIO RIVER 212,259 225,121 + 12,862 + 6.1
56 TENNESSEE 26,745 33,088 + 6,343 + 23.7
57  SOUTHEAST 54,591 56,721 + 2,130 + 3.9
58 WESTERN GREAT LAKES 113,592 127,165 + 13,573 + 11.9
59  UPPER MISSISSIPPI 24,450 25,883 + 1,433 + 5.9
60 LOWER MISSISSIPPI 16,174 16,371 + 197 + 1.2
61, UPPER MISSOURI 5,504 6,844 + 1,340 + 24.3
614 LOWER MISSOURI 4,728 4,867 + 139 + 2.9
62d UPPER ARKANSAS 8,503 12,247 + 3,744 + 44.0
62w LOWER ARKANSAS 14,080 14,160 + 80 + 0.6
63d UPPER WESTERN GULF 855 625 - 230 - 8.6
63w LOWER WESTERN GULF 56,960 59,997 + 3,307 + 5.3
64 COLORADO RIVER 1,114 1,225 + 111 + 10.0
65  GREAT BASIN 2,565 2,592 + 27 + 1.1
66w UPPER CALIFORNIA 15,184 15,401 + 217 + 1.4
66d LOWER CALIFORNIA 25,720 25,170 - 550 - 2.1
67 PACIFIC NORTHWEST 18,793 22,803 + 4,010 + 21.3

TOTAL 880,723 932,227 + 51,504 + 5.8
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Table III-4

Components of Regional Employment Change

~in Sample Establishments1

Employment Change Due To:

Change New  Non-Moving Moving Plants
Water Resource Region 1969-%971 Plants Plants Growing Declining
(4) (B) () (D) (E)
51 NORTHEAST 1,580 131 1,220 6 2233
52  DELAWARE-HUDSON - 480 1,092  -2,681 1,708 =599
53  CHESAPEAKE BAY ~1,504 26  -1,264 -3202 543
54  EASTERN GREAT LAKES 3,445 2,522 724 274 -75
55 OHIO RIVER . 12,862 583 10,832 2,065 . -618
56  TENNESSEE 6,343 64 6,306 3 -3
57  SOUTHEAST 2,130 469 499 1,203 -41
58 WESTERN GREAT LAKES 13,573 420 12,935 218
59  UPPER MISSISSIPPI 1,433 434 330 669
60 LOWER MISSISSIPPI 197 263 - 221 155 0
61w UPPER MISSOURI 1,340 723 570 66  -19
61d LOWER MISSOURI 139 0 209 0o -70 .
62d UPPER ARKANSAS 3,744 25 796 2,803 1203
62w LOWER ARKANSAS 80 18 - 147 239 -30
63d UPPER WESTERN GULF - 230 175 - 401 0 -4
63w LOWER WESTERN GULF  ° 3,037 911 11,910 322 -106
64 COLORADO RIVER 111 0 19 92 0
65 GREAT BASIN 27 17 10 0 0
66w UPPER CALIFORNTA 217 116 131 72 23
664 LOWER CALIFORNIA 550 61 - 394 88  -305
67 PACIFIC NORTHWEST 4,010 518 3,102 1390, 0
TOTAL 51,504 8,568 34,485 9,974 -1,523

1Column (A) = Column (B) + Column (C) + Column (D) + Column (E)

2On balance, growing establishments moved out of the region

3On balance, declining establishments moved into the region
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firms. But perhaps the more interesting characteristic of the relocating
establisﬁments in our sample is that they did not move very far. There
is a virtual absence of any regional employment effects as a result of
firms relocating in different water regions. In the sample of 124 movers,
116 of them relocated within the region in which they started. This
suggests that actual plant relocation in response to regional variations
in water availability is not of great significance.

As for employment in the newly established firms shown in Table III-4,
the most interesting observation is their relative unimportance. In studies
of other industries, especially less capital extensive ones, this is an
important category of employment change, The ratio of employment in births
to total net change here is 1:6. In a study of industry location within
the New York Metropolitan area for a similar two-year period, the ratio
was approximately 1:2.A

How responsive were these changes to regional differences in the
supply of water? Table III-5 shows the direction of change in the share
of employment change calculated from our sample, along with some other
regional measures available from Wollman and Bonem. Thirteen of 21

' and seven had

regions have a relative decline, one showed a "keep even,’
relative increases. There is little correlation between this measure
and the other measures provided in the table.

0f the three regions where the marginal cost of additional water

flows exceeded 2¢ per thousand gallons in 1970, two of them have relative
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Table III-5

Direction of Change in Regional Share of Water-Using Industry and Selected

TERR g RRRCTeD
Water Resource Region 1970 2000 2020
51 NORTHEAST - - 6.4 -2.2 - - -
52 DELAWARE-HUDSON - - 3.0 -5.9 - - X
53 CHESAPEAKE BAY - 0 4.9 =2.0 - - -
54  EASTERN GREAT LAKES - - 3.5 -6.7 - - X
55 OHIO RIVER + - 10.4 -14.2 - - -
56  TENNESSEE + - 4.2 0.9 - - -
57  SOUTHEAST - + 19.5 15.2 - -

58 WESTERN GREAT LAKES + - 3.2 -10.0 - X X
59  UPPER MISSISSIPPI 0 - 4.8 1.8 - - -
60 LOWER MISSISSIPPI - - 3.7 1.8 - - -
61w UPPER MISSOURI + - 2.7 2.1 - - X
61d LOWER MISSOURI - - 1.7 1.2 - - -
62d UPPER ARKANSAS + - 0.7 -0.3 - X X
62w LOWER ARKANSAS - - 6.0 3.4 - - -
63d UPPER WESTERN GULF - + 0.3 0.2 X X X
63w LOWER WESTERN GULF - - 2.7 -3.9 - X X
64  COLORADO RIVER + + 1.2 1.1 X X X
65  GREAT BASIN - 0 0.7 0.4 - X X
66w UPPER CALIFORNIA , - + 4.8 3.0 - X X
66d LOWER CALIFORNIA - + 0.1 -2.9 X X X
67 PACIFIC NORTHWEST + - 14.1 11.9 - - -
XX  CUMBERLAND N.A. - 1.5 ? - - X

100.0

Except for "sample employment", the remaining columns are due
to Bonem and Wollman, 1971
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declines in employment, while all three are projected to have relative
increases in population. This might infer that there is some restraint
on water-using industries, since they are obviously lagging projected
total employment in those two regions; but this is a very weak observation.
The two remaining regions which show projected relative increases in popu-
lation (there are only five) also show a declining share of water-using
industries. One of them is projected to have expensive water by the

year 2000, and the other by the year 2020, But regions such as the

Upper Mississippi and Upper Arkansas are projected to have expensive

water by the year 2000 as well as a declining share of population, and
they have relative increases in water-using industries. The discussion
can proceed in the same vein, producing examples and counter examples:

but little is achieved,

There are two other indices of regional water supply in Table III-5
of interest. The first is the regional distribution of the maximum
regulated flow capacity as estimated by Bonem and Wollman. Three regions
(Southeast, Pacific Northwest and Ohio) account for 44 percent of the
maximum flow. In 1969 these three regions accounted for 33.1 percent
of employment in our sample establishments. By 1971, their share had
decreased to 32.6 percent due to the lagging Southeast region; the region
with the highest flow capacity. The three regions which account for the
least flow (Lower California, Upper Western Gulf and the Great Basin)
saw their share change from 3.4 percent in 1969 to 3.0 percent in 1971.

Little more can be said about this correlation.
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Table III-5 also contains a crude index of excess water supply. The
index is defined as the difference between the percentage of maximum U.S.
flow and the percentage of water-using industry employment in the region.
This index, which is negative for several water-abundant regions, indicates
that although there is abundant supply, there is also high demand. The
Ohio region, for example, viewed from the supply-side only is a water-
abundant region. The negative value of the excess supply index (the most
negative in the table) points out that there are already great demands
on these supplies. This region also has the counter-intuitive
observation that it is increasing in its share of employment in water-
using industries. The Southeast has the most positive value of this
index, and it shows a decrease in its share.

These observations indicate that the relative share in water-using
industries is not suggested by the parameters in this table. What is
suggested is that water may be a necessary requirement for these
industries, but its availability is not sufficient to attract them.

In sum, the figures we have examined do make four points. First,
there is a surprisingly high volume of regional employment change in
water-using industries, even in a period as brief as two years. Second,
most change occurs in non-relocating establishments. Three, inter-regional
movement of plants is virtually inconsequential. Four, abundant water
appears to be a necessary, but far from a sufficient condition for

expansion in water-using industries.
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Part II1: Planned New Plants and Planned Expansions

This analysis is based on data taken from reported new plants and
expansions, planned or realized, with investments of one million dollars

or more as presented in the Industrial Development magazine for its 1972

issues. The reporting is not complete and the dollar size of investments,
where reported, are likely to be subject to considerable error. We
initially identified 188 new plants or expansions in industries which
were of interest to us; however, 40 of these reportings were ultimately
identified as repeats of data in earlier bi-monthly issues. The remain-
ing 148 observations were, by chance, evenly divided between our water
intensive industries and a control group,A 74 in each category. They

were further broken down as follows:

New Plants Expansions
Average Average
Reporting Reported Reporting Reported
Total Investment Inv. Total Investment Inv.
(mil. $) (mil. $)
Water Intensive 31 16 51.01 43 34 15.71
Control Group 43 25 3.30 31 24 5.90

In an attempt to develop tables of regional distributions investment dollars
similar to Table II-2 which reported employment increases and decreases from
the Dun & Bradstreet data, it was necessary to make some assumptions regard-
ing observations reporting investment data. Since most of the reports

included other statements about square footages of plant additions, approxi-

mate increases in output expected on the number of new jobs involved, it was
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apparent that those with missing investment figures were not generally the
smallest investments. It was therefore decided that observations without
reported investment would be assigned investment figures equal to the
average investment for the industry group (intensive water users or
control) and for the type of investment (new or expansion). This assigned
value was used only in obtaining estimates of total investments for regions
or other categories; in all cases the observed average for those actual
reporting investments is shown in the same cell of the table.

Because of these data limitations, the following tables should not

be viewed uncritically Although the data are less precise than we would
like, we do not believe that they are a biased sample of the underlying

population of new plants and plant expansions.

The pattern of plamned increases for 1972 as reflected in Table III-6
does not strongly correlate with the regional changes in employment identified
in Table III-3. This may indicate the wide availability of underutilized
capacity in these industries which allows employment change without corres-
ponding capital investments. It may also reflect regional differences in
capital labor ratios. Similarly, there is very little association between
the regional pattern of the "new plants" column of Table III-4 with planned

new plants in Table III-6. Some of these differences can be explained by
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Table III-6

Regional Summary of New Plants and Expansions
Planned or Completed in 1972 in the Water Intensive Industries

Total
New Plants Expansions Investments
Number Avg. $1 Total $1 No. Avg. $1 Total $1 Total (2)
(mil.) (mil,) (mil,) (mil.)
51 Northeast 0 - - 0 - - - -
52 Delaware-~Hudson 1 7.00 7.0 0 - - 7.0 (0.3)
53 Chesapeake Bay &4 200.00 353.0 1 N.A. 15.7 368.7 (16.3)
54 Eastern Great
Lakes 0 - - 5 20.9 104.5 104.5 (4.6)
55 Ohio River 1 3.50 3.5 3 4.1 12.3 15.8 (0.7)
56 Tennessee 0 - - 1 N.A. 15.7 15.7 (0.7)
57 Southeast 2 25.65 51.3 0 — — 51.3 (2.3)
58 Western Great
Lakes 1 N.A. 51.0 1 1.00 1.0 52.0 (2.3)
59 Upper Miss-
issippi 0 - - 5 4.30 21.5 21.5 (1.0)
60 Lower Miss-
issippi 6 88.50 456.0 9 29.43 264.9 720.9 (31.9)
61 Missouri 1 10.00 10.0 1 1.00 1.0 11.0 (0.5)
62 Arkansas 2 51,15 102,3 0 - - 102.3  (4.5)
63 Western Gulf 10 39,15 486.3 10 16.67 162.8 649.1 (28.8)
64 Colorado River O - - 0 - - — —
65 Great Basin 0 - - 0 - - - -
66 California 1 N.A. 51.0 1 N.A. 15.7 66.7 (3.0)
67 Pacific North-
west 2 4,85 9,7 _6 7.25 60.4 70.1 (3.1)

31 51.01 1581.2 43 15.71 675.6 2256.8 (100.0)

1The average is calculated from the reporting of approximate investments.
The total is the sum of those investments reported plus the assignment
of the columns average value for each unreported investment.
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differences in reporting criteria. The Dun & Bradstreet data are not
restricted to capital investments over one million dollars. There is
also the difference in the dates of the respective surveys, as well as

the difference in the weights (employment versus capital investment).

Table 1III-6 presents a regional summary of planned and completed
new plants and expansions for the year 1972. The water resource regions
receiving the greatest attention by the water intensive industries are:
Lower Mississippi (32 percent), Western Gulf (29 percent) and Chesapeake
Bay (16 percent). These three regions account for 77 percent of the
reported investments in new plants or expansions. They account for 20
of the 31 new plants and for 20 of the 43 expansions. Of the averages
for reports including investment figures, these three regions contain
the highest average in each category and are among the top four averages
in each category. The Arkansas River region ranks third among new plant
averages, and the Eastern Great Lakes region ranks second among the
exoansions.

Neither the growth pattern in Table III-6 nor the pattern observed
in the Dun & Bradstreet data is easily related to the availability of
water. We explore below the possibility that access to cheap water

transportation is an influential force.

Testing the Transportation Hypothesis

Each of the reported new plants or expansions included the name of

the community nearest the site. While we do not know the precise physical
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location of the site within the community, we did classify each community

as to whether or not it was located on a navigable waterway, or alongside
a river or a lake. The results of aggregating the reportings by these
physical features are shown in Table III-7. They impressively illustrate
the desirability of plant sites along navigable waterways for the water
intensive industries. The control industries show no similar attraction
to communities providing access to water transportation.

While it is true that in most cases being on a navigable waterway
means that generous amounts of fresh water are available, this condition
was not true at every site so classified in this study. Some of the

coastal areas of Louisiana and the one reported offshore site have only

saltwater nearby. None the less we see that the water intensive industry
sites for new plants or expansions are most likely to be found on mnavigable
waterways (24 out of 31 new plants and 40 out of 43 expansions) and these
sites contain. their largest average investments such that almost 90 percent
of their investment dollars are being spent at these locations. These data
are dominated by the chemical group and petroleum refining accounting for

18 of the 24 new plant on navigable waterway sites and 23 of the 40 expan-
sions on these waterways. The chemical group is estimated to be investing
about $750 million here and petroleum refining about $780 million. Together
they account for 75 percent ($1.53 billion of $2:02 billion) of the invest-
ments on these waterways. Recalling that these two groups intake about
one-third of the industrial water used, it is obvious that they are
satisfying at least two basic requirements with these site selections.

Of the outputs of the petroleum refiners which do not travel by pipeline,

on the order of 80 percent of the tonnage was shipped by water in 1967.



Table III-7

Summary by Availability of Water Transport and Other Water Availability
of New Plants and Expansions Planned or Completed in 1972 in Selected Industries

Total
New Hants R , Lnvestments
Total ing Invest- Avg. Total~ Total ing Invest- Avg. Total™ Water Control
No. ments $ S No. ments_ $ $ Group Group
$ Z $ 4
On Navigable Waterwaysa
Water Intensive Group1 24 12 61.54 1350.6 40 31 17.07 670.6 2021.2 (89.6)
Control Group? 10 5 5.66 44.8 17 15 6.47 108.9 153.7 (47.2)
Other Large Streams
and Lakes
Water Intensive Groupl 12 2 12,65  25.3 3 3 1.67 5.0 30.3 (1.3)
Control Group 13 8 2.34 35.2 7 4 8.40 51.3 86.5 (26.5)
Other Sites
Water Intensive Group1 5 2 26.15 205.3 0 0 - == 205.3(9.1)
Control Group2 20 12 2,95 61.8 7 5 2.46 24.1 85.9 (26.3)
Water Intensive Group 2256.8 (100.0)
Control Group 326.1 (100.0)

2The water intensive group are the eight categories of four-digit SIC groups established earlier in the
report.

2The control group include: 2200 Textile mill products; 2821 Plastic materials and synthetic resins;
2822 Synthetic rubber.

s before, total investments are the sum of reported investments and the assignment of average values
for the group and investment type for those plants which did not report investments.

€L

aNormally a location on a navigable waterway implies easy access to fresh water supplies; however, a
small number of saltwater bound sites are being utilized where fresh water is extremely difficult to
obtain. For example, a petroleum refinery reported at Lamar City, La. is actually offshore.
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In the same ycar thec chemical industry shipped only 20 percent of its
tonnage by water.

The frequency of development or expansion at a site providing
access to water transportation is impressive. The fact that a number
of salt water sites are included in the sample reinforces the importance
of the transportation factor. Similarly, the relative unimportance of
sites with water for processing, but without access to water for trans-
port, further strengthens this view.

Intake water is obviously an important requirement for these water
using industries but apparently not a major locational determinant. (The
obvious exception is a site located in an extremely arid region.) The
availability of transportation for the movement of bulk goods is particularly
site dependent especially in the case of water transport. |

We will examine the adaptability of water-using processes later, but
here it is worth citing two additional pieces of information which confirm
these observations regarding the importance of transportation and the

flexibility of water use.

The first piece of information comes from a single manufacturing
plant in a multi-plant firm. This plant has been facing continuing
increases in the cost of industrial water (see Table III-8). There
have been three responses to these price increases: First, recircula-
tion has increased, thereby cutting withdrawals. Second, the output

.mix has been shifted within the firm so that products consuming relatively

less water are now produced at this site. And third, all company

expansion (of which there has been considerable) has been concentrated
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in plants less constrained by water cost. The behavior of this one plant
is entirely consistent with the behavior just observed in the aggregate
statisties.

But just as this example indicates how sensitive a plant can be to
changes in water costs, Table III-9 serves to emphasize the importance of
other factor costs in determining plant location decisions.

As Table III-9 shows, there is considerable variation in the cost of
water at various plant locations within the firm. Further, since other
factor prices effect management decisions as well as water in determining
overall profitability, there is rather poor correlation between water costs
and profits. In fact, for the firm shown in Table III-9, the most profit-
able plant in their system is Plant F, the one with the highest unit water

costs.

The Effect of Water Pollution Controls

The industries which intake large amounts of water also release large
amounts of water, and in the past they have been among the most easily
identifiable polluters. The paper, steel, and chemical industries rank
high in the public eye as polluters of the nation's waterways. The
petroleum refiners are typically associated with "spills" rather than
"waste water," but they have had local problems also.

Early in this project the authors talked to several corporate planners
and plant managers about their use of industrial water and its importance
to the location decision. A consensus emerged: geographically uniform

pollution controls would lessen the importance of water supplies in the location
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Table III-8

Actual Manufacturing Plant

Average Cost

of Intake Water Quantity Withdrawn
(per 1000 gallons) Change (Gallons Annually) Change
1960 5.2¢ .e 3.25 BILLION .o
1972 8.9¢ +71% 2.42 BILLION -257%
Projected
1980 11.5¢ +29% 2.26 BILLION - 7%
Table III-9

Actual Manufacturing Firm, 1971

Average Intake plus Treatment Cost
Plant Location (Pexr 1000 Gallons)

1.5¢
3.5¢
17.0¢
2.5¢
6.0¢
27.7¢
4.3¢
1.0¢

I o " 1 o0 60w



77

decision. The path to this conclusion is direct. Pollution controls
will increase enormously the effective price of using water, thus leading
to great reductions in the demand for water, thereby decreasing the
relative importance of water as a location determinant. Since the "cost
of water is primarily a function of treatment costs (which vary little
across space), marginally lower costs for intake water are not likely to
significantly influence location decisions since the total cost of water
will be little affected.

We might also note that a number of the corporate officials inter-
viewed expressed the view that recent envirommental legislation in
several of the coastal states (five states had laws in early 1973 and
nine others had processed legislation) might affect the attractiveness
of coastal sites. In some cases meeting stringent water pollution and
air pollution controls will allow the use of coastal sites, and industry
seems capable of meeting these conditions. In other cases, however, the
simple presence of a plant will disrupt the existing ecology and prohibit
a coastal location. The view was expressed that the general trend to

coastal sites we have observed may be shortly curtailed.
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Chapter 1V

A Cross-section Model of Industry Response to Water Costs

The purpose of this chapter is to specify demand equations for gross
water and intake water and then estimate them by using cross-section plant
data for the paper, chemical, petroleum, and steel industries. This
chapter consists of two parts. The first part deals with the derivation
of the demands for water while the second part focuses on the empirical

estimation of the water relations.

Part I: The Theoretical Framework

A fruitful way of studying the causes of changes in the water-output
ratio and the intake-gross water ratio is to conceptually treat intake
water as an input to the production of gross water and gross water as an
input to the production of final output. The demand for gross water is
thus derived from the production of the final output and the demand for
intake water from the production of gross water under the cost-minimization
principle of factor combinations, subject to prevailing technological con-
ditions.

Dealing first with the demand for gross wnter,A consider a plant or
establishment whose technology of producing final output (Q) is characterized
by a Cobb-Douglas production function. The inputs used include gross water

(GW), materials (M), labor (L), and capital (K). The production function
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is given by
a a a a
Q = A-e"tecw l-MQ 2-'1.Q 3'KQ 4 (4.1)

where A is a scaler, m stands for the proportional rate of disembodied
technical progress and t is time. The sum of the coefficients, 81’ 8,5
ag, and 84’ measures the returns to scale. These will be increasing,
constant, or decreasing if the sum is greater than, equal to, or smaller
than one. This production function specification assumes that the inputs
are substitutable. If water is complementary to other inputs, (4i1l) will
not be adequate.

Total production cost will equal the sum of the quantities of inputs

multiplied by their respective prices:

C_=p'GW+g'M +wl
Q ° 8%

Q + r'KQ (4.2)

where g is the unit price of materials, w the wage rate, and r the gross
rate of return to capital. The price of gross water (p) is equal to the
average cost of materials, labor, and capital incurred in the production
of the final output for withdrawing intake water, recirculating water,
and discharging effluent water.
The minimization of total cost (4.2) with respect to all inputs
subject to the production function (4.1) gives the least-cost condition:
£ & v T
u = alQ = aZQ = 33Q = 84Q (4.3)

ol
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where u is the total derivation of cost with respect to output or the
marginal cost of output. The relations (4.3) and (4.1), in turn, yield

the level of gross water use:

1
- al az a a, a a a,+a,t+a. +a
= [ (LB 2L w3t T (4.4).
Ae 8, P a; P a, P

The quantity of gross water demanded thus depends negatively on its own
price and on technical progress. It depends positively on the prices
of other imputs and on the output of the final product.
Dividing both sides of (4.4) by Q, we obtain:
1

a
! =Y SR S R P

R . (4.5)
e 28 83? 84p

where 8'1'31'82-83'a4' Thus, when there are increasing or decreasing
returns to scale, the output of the final product will also affect the
productivity of gross water. If there are constant returns to scale,
the output variable will drop out and will not be a determinant of gross
water per unit of output.

In a similar fashion, the demand for intake water can be derived

from the demand for gross water. Assume that the production function

for gross water is:

b, b, b, b
GW = B e"tew I'MR 2-I.R 3'K.R 4 (4.6)
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In equation (4.6) B is a scaler, n stands for the proportional rate of

disembodied technical progress, and b, +b,+b.+b, measures the returns to

17273 7%
scale for the production of water.
Let total water cost be
C,= a'IV + h-MR + w-LR + r*KR (4.7)

where h, w, and r are the unit prices of materials, labor, and capital

used for treating recycled water. Since water withdrawn and not con-

sumed or lost in the production processes will be eventually discharged,

the price of intake water must include the price of withdrawing intake

water and the price of discharging effluent water. Thus, q is defined

as the average cost of withdrawing and discharging intake wat:er.A
Minimizing (4.7) subject to (4.6), we obtain:

q h w T

V= biGW = b,GW = bGW = b,GW (4.8)

R

where v is the marginal cost of gross water. The level of intake water

use is thus given by

1
b +b,+b+b
b b 17077P3¥d,
= [ G:t (L1h, 2(_‘1 z)ba (bl :)bl.]
Be = P24 by q° B, q

(4.9)

The quantity demanded for intake water therefore depends negatively on
the price of intake water and on technical progress in conneetion with
the reuse of water. It depends positively on the prices of other inputs

and on gross water required.
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Dividing both sides of (4.9) by GW, we obtain:

1

I W P1n P2 b by p b, ©b.+b 4b_4b

o el S B S UL B SN P Mt M M 5.10)
Be 2 4 by q b, q .

where s'-l-bl-bz-b3-b4. It is clear that gross water will affect intake
water per unit of gross water unless there are constant returns to scale
in the production of gross water.

Making use of (4.7) and (4.3), the price or average cost of gross
water will be given by

C
p= Y.
] v(b1+b2+b3+b4) (4.11)

vhere v is the marginal cost of gross water. Let MPP be the marginal
physical product of intake water and from (4.8) MPP = bIGWIIW in
equilibrium. Then, (4.11) can be written as
= _4
P " ipr (b

+b_+b 4.12).
2*P, 4) (4.12)

The price of gross water will therefore be equal to the price of intake

2+b3+b4)/MPP]=1, for example when there

are constant returns to scale and MPP = 1,

water in equilibrium if [(b1+b

These results can be summarized as below:

IW  GW IW
T"q (4.13)

GW
6- = G(Qo%

¥
P

=
A4

r
p’ €4.14)
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IW

= 1w, (4.15)

F-Ni-g

4
q

=
~

L.
T

where T (= ent) accounts for technical change and has a reducing effect.
The relative prices of inputs have positive effects. The effect of final
output or gross water will be negative (positive) if the returns to scale
is increasing (decreasing and will be zero if there are constant returns
to scale,

To complete the model, we assume that the output of the final product
(Q) is determined under the condition of profit maximization, i.e., the
price of output being equal to its marginal cost. From this condition
and relations (4.1), (4.2), and (4.3), we obtain:

Q=0Q(2 2 2
P’ g° W

H|o

: 1) (4.16)

where o is the price of the final product. Thus, the output is positively
related to its market price and to technical progress, but negatively
related to the input prices.

The system given above assumes that Q, GW, and IW are endogenous

variables and o, p. 8. wW. r. q, and t exogenous variables. Since the

price of intake water is the average cost of materials, labor, and capital
incurred in obtaining and discharging water, it may depend on the amount
of intake water withdrawn unless the average cost remains unchanged over
a relevant range of production. Similarly, the price of gross water may
depend on the amount of gross water used. Therefore, to the extent that

p and q are indeed endogenous, the above model will be incomplete.
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If p and q are exogenous, then the model, as it stands, is step-wise
deterministic., The causal direction runs from exogenous variables to output
and to gross water and finally to intake water. Because of this independence,

each equation can be estimated by the ordinary least-squares method.

Part 1I: The Empirical Estimation

The essence of the theoretical analysis is that firms try to minimize
their production cost in using water and other inputs. In balancing the
cost and benefit in using a particular input in a certain quantity, the
firm is not merely concerned with the cost of using that particular input,
but is also concerned with the overall cost of production which will be
affected by the use of the input. A rise in the price of water, for
example, may not necessarily mean that the water per unit of output will
fall because the cost of water, first of all, may be insignificant in the
total cost of production. Second, decreases in water use may be constrained
by technical conditions. Third, new production processes for producing
final products may raise the water input coefficient although the increas-
ing cost of water may favor the use of water-saving production methods.
However, other things being equal, a rise in the unit cost of water is
expected to reduce the water input. Moreover, an increase in the relative
price of intake water to recycled water should encourage firms to make more
use of recycled water and less of intake water. Some emptirical results on

these hypotheses are presented in this section.
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A. Data

The model presented in the preceding section is estimated using plant

data on water use given in The Economic Value of Water im Industrial Uses.A

The plant data were collected from a survey taken in 1968-69. They cover
80 plants, consisting of 20 for each of four major two-digit water-wsing
industries: paper, chemicals, petroleum, and steel. The steel plants in
the sample were all blast furnaces and steel mills (SIC:#3312) while the
petroleum plants were all petroleum refineries (SIC:#2911). There is, how-
ever, no indication as to which four-digit industries the paper and chemical
plants represented., The geographic concentration of the plants surveyed for
each of the industries is indicated in Table IV-l.

For the most part, the geographic distribution of the survey data
corresponds to the geographic distribution of water withdrawal as measured
by the Census. For example, in 1968 the Southeast region dominating the
paper industry accounted for 28 percent of the water withdrawn for the
industry. The Southeast also dominates the survey data. Similarly, the
surveyed firms in the chemical, petroleum and steel industries are concen-
trated in the regions of greatest water withdrawal for the respective
industries,

Moreover, as shown in Table IV-2, the survey covered more large plants

than small ones. Large plants, of course, account for the preponderance of

industrial water use,
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Table IV-1

The Geographic Distribution of the Plants Surveyed
by Industrial Water Use Region
(in number)

Industrial Water Use Region Paper Chemical Petroleum Steel
Great Lakes 2 2 3 2
Northeast 2 7 3 2
Southeast 8 - 1 -
Ohio 3 2 - 13
Western Gulf - 7 7 -
Pacific - - 4 -
Others* 5 2 2 3
Total 20 20 20 20

*

Including Mississippi, Tennessee, Cumberland and Lower Arkansas

Source of Data: The Economic Value of Water in Industrial Uses [2].

Table IV-2
The Size Distribution of the Plants Surveyed
(in number)
*

Size of Plant Paper Chemical Petroleum Steel
Small 1 5 1 6
Medium 6 12 13 7
Large 13 3 6 7
Total 20 20 20 20

* .
Referring to the relative size of the plant as compared to other plantsin
the industry.
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Data on the following variables are used in the estimation:

a. unit manufacturing cost of gross water (Pw).

b. cost of water as a percent of income (I).

c¢. physical output of final product (Q).

d. intake water (IW).

e. gross water (GW).

f. cooling water as a percent of gross water (C).

g. size of plant in the industry (S), classified as small,
medium, and large.

h., 1level of manufacturing technology (T), classified as
old, average, and advanced.

i. depreciation (D) from water related capital equipment.

The unit manufacturing cost of gross water is the weighted average
of the unit costs of intake water and recycled water. Unfortunately,
separate price information on intake and recycled water is not avail-
able., We have estimated these costs, however, on the basis of the
following identity:

P, GW = ACIW°IW + ACRW°RW (4.17)

where P_°GW 1is the total cost of gross water, Ach the average cost
of intake water (including effluent costs) and ACoy the average cost
of recycled water. Unfortunately, ACIW and ACRw are not constants. The

average cost of a unit of intake water is likely to vary with the total
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volume of water withdrawn (IW), the scale of the plant (S) and the

prevailing level of technology (T). Similarly, the cost of recycled
water is likely to vary with these variables, as well as with the
intensity of water reuse (GW/IW). Assuming linear relationships between
average costs and these variables yields the following relation which

we estimated by applying the ordinary least squares method:

Pw'GW = (al +a,IW + a35 + aAT)IW + (bl + b, RW

2 2

+ b3s + bz.T + bS(GW/IW))RW (4.18).

Residuals from the estimation of (4.18) are proportionately allocated
between IW and RW. Detailed explanations are given in the first appendix
to this chapter. Thus, we have two more variables available for the
estimation:

j. unit manufacturing cost of intake water (Pi)'

k. unit manufacturing cost of recycled water (P ).

B. Specifications

Two water use relations are estimated. These are:

In(GW/Q) = a S + a_T+u (4.19)

S 6
In(IW/GW) = b, + bzln(Pi) + b31n(Pr) + baln(GW) + bsln(c)

1 + azln(Pw) + a31n(Q) + aaln(I) +a

+bgS + b T +v  (4.20)

where 1n is the natural log and u and v are the disturbance terms. The

two specifications are based on (4.14) and (4.15).
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The variables S and T are dummy variables, taking the values of O,
1, or 1.5 for small, medium, or large plants and for old, average, or
advanced technology respectively. Variable I, the cost of water as a
percent of income, is introduced primarily because the responses of firms
to changes in the water cost may depend on how important the cost of
water is relative to the cost of production. Firms with higher ratios
are expected to be more responsive to the relative increase in the cost
of water. Similar to the variables S and T, the coefficient of I can be
positive or negative.A Variable C appears in (4.20) because most recycled
water is used for cooling purposes. Plants whose principal use of water
is for cooling should have greater feasibility of recirculating intake
water.

No factor prices other than water cost appear in (4.19) because data
on them are not available. The omission of these non-water factor prices
will introduce a specification error into the equation (4.19). Con-
sequently, the simple or two-stage least squares estimates of the
coefficients in (4.19) will not be consistent [5, 3]. However, the
variable I may also serve as a proxy for the composite price variable
of non-water inputs (Pn). It can be shown that given Pw in (4.19), I
will be positively or negatively correlated with Pn if the elasticity
of substitution between water and non-water inputs is greater or smaller
than one.B Therefore, to the extent that the two variables are highly
correlated with each other positively or negatively, the variable I will,

as shown in Appendix B, also bear the full effect of the non-water factor

prices on the water-output ratio.
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C. Results

Ordinary least-squares estimates of (4.19) and (4.20) for paper,
chemical, petroleum, and steel are given in Table IV-3.

The estimates of price coefficients (these are elasticities due
to the logarithmic form of the equations) of water have the anticipated
signs and are generally statistically significant. Chemical plants are
more responsive to changes in the price of recycled water than to the
price of intake water, but the responses are reversed for steel and
about the same for paper and petroleum. There are increasing returns
to scale for using water in the production of final output. Scale
economies also occur in the recirculation of intake water for paper and
steel, but not for chemical and petroleum. The opposite is the case
for the latter. In the absence of changes in the price of water and
other factors, more advanced manufacturing technology requires more
intake water relative to gross water and more gross water relative to
output except for petroleum and steel where less gross water per unit
of output is required by new technology.A Larger plants have lower
productivity of water but higher use rates (as far as chemical and
steel are concerned). Plant size has no effect on the use rate for
" paper and causes multicolinearity for petroleum. It is therefore
omitted from the second equation for both of these industries. More-
over, plants which use more water for cooling purposes have higher use
rates than otherwise. The exception is the paper industry where recir-

culation decreases with increased emphasis on cooling water.
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Table IV-3

for Paper, Chemical, Petroleum, and Steel Industries

Ordinary Least-Squares Estimates

Regression Coefficients

Explanatory Variables Paper Chemical Petroleum Steel

Equation 1 (GW/Q):
Unit cost of gross water (P )| -.435 (1.5) -.963 (7.2) -.768 (6.3) -.876 (9.2)
Output of product (Q) Yl -.622 (2.3) -.753 (6.0) -.021 ( .2) -.308 (5.5)
Manufacturing technology (T) .330 ( .9) .290 (1.0) ( .8) -.197 ( .9)
Water cost as % of income (I) 477 (1.3) 2126 ( .7) .722 (5.7) 1.033 (9.8)
Size of plant (S) .965 (1.6) 1.157 (2.4) .082 ( .4) .469 (2.1)
Intercept 2 12.082 (7.2) 3.971 (5.8) 5.494 (6.1) 9.976 (23.5
Adjusted RZ2 (unadj. R) .359 ( .528) .901 ( .927) .707 ( .788) .961 ( .971)
Standard error . 595 423 «157 «279
F-statistics 3.1 35.6 9.7 93.8
Number of observatiomns 20 20 19 20

Equation 2 (IW/GW):
Unit cest of intake water (P,)! -1.013 (6.2) -.498 (2.5) -1.269 (2.3 -.822 (2.4)
Unit cost of recycled water ~(P.)1,024 (8.1) .764 (3.3) 1.155 (2.1) .619 (2.1)
Gross water (GW) -.325 (3.8) .348 (1.7) «577 (4.0) -.158 (3.0)
Manufacturing technology (T) .065 ( .5) .215 (1.2) .109 ( .7) .531 (1.7)
Size of plant (S) -.799 (1.6) -.071 (.5)
Cooling water in % (C) .104 (2.2) -5.098 (8.1) -3.853 (6.3) -.039 ( .5)
Intercept 2 2 3.247 (4.0) 18.482 (7.2) 8.420 (3.0) .746 (1.6)
Adjusted R” (unadj. R) 791 ( .846) .902 ( .933) .793 ( .854) .316 ( .582)
Standard error .212 «256 .273 .167
F-statistics 15.3 30.2 14.0 2,5
Number of observations 20 20 18 20

The .5%- and 2.5%-critical values for t-distribution are 2.16 and 3.012 for d.f.=13 and 2.145 and 2.977

for d.f.=14.

The 1%-critical value for F-distribution is 4.69 for d.f.=5/14 and 4.62 for d.f.=6/13.

16
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The variable I, measuring the importance of the cost of water relative
to total production costs, has positive effects on the water-output ratio.
This means that the firms in which water is more important relative to the
other inputs require more water per unit of output in the production. The
use of this variable in the first equation has greatly improved the goodness
of fit and increased the significance of the price variable of water. This
may suggest that the firms which have higher water cost as a percent of
total cost are more responsive to changes in the price of water than those
having lower water cost ratios. However, the estimated coefficient, as
explained previously, may also measure the price effect of the non-water
inputs., The inclusion of the variable I in the first equation may thus
suggest that what is important to the firms is not merely the price of
water but the relative price of water and non-water inputs.

Finally, intercepts in the two equations are positive and highly
significant. This implies that there exist some minimal requirements
of gross water and hence intake water for manufacturing water use.

It should be noted that there are 9 plants in steel, one plant in
petroleum, and two plants in paper which do not recirculate water., Their
use rates are thus equal to one. This may be due to the higher price of
recycled water relative to the price of intake water, the lack of the
facilities for recirculation, or perhaps even errors in the data. There
is an argument for discarding these observations in estimating the second
equation. However, we choose to include them in the estimation except

for the second petroleum equation where the inclusion of the outlying
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observation resulted in much higher values of the price elasticities than
given in the table. For steel and paper, the estimated coefficients are
roughly the same whether the observations are included or not.

As pointed out in the theoretical analysis, the unit cost of intake
water may depend on the amount of intake water withdrawn and the unit
cost of recycled water on the amount of water reused and the intensity
of recirculation (the use rate). Thus, the model may not be recursive.

If the model is not recursive, ordinary least squares is inappropriate.
We have estimated (4.19) and (4.20) by the method of two-stage least-
squares to test the sensitivity of our results to the simultaneity
problem. I, Q, C; S; T, and D are treated as predetermined variables
and Pw, Pi’ Pr’ IW, and GW as endogenous variables.

The results are given in Table IV-4. Due to the limited availability
of a few predetermined variables, the results from two-stage least-squares
are less satisfactory than those from ordinary least-squares in terms of
t-statistics and F-statistics. However, the magnitudes of the estimated
coefficients from the two methods are approximately the same for most
cases. Note that S, or C;, or both are omitted from some equations because
their inclusion would cause serious multicéllinearity and produce uninter-

pretable results.

D. Price Elasticities of Water
There are three price elasticities which can be computed from our
estimates. The three are the elasticities of intake water per unit of

output with respect to the prices of gross water, intake water, and recycled
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Table IV-4

Two-stage Least-Squares
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Estimates for Paper, Chemical, Petroleum and Steel Industries

Regression Coefficients
Explanatory variables
Paper Chemical Petroleum Steel
Equ. 1 (GW/Q):
P, -.260(+5) | =.966(2.3) | -.329(.8) -.541(.7)
Q -.309(1.4) | -.753(3.2) .020(.1) -.317(2,1)
T «597(1.6) «291(.5) .053(.3) -.442(.6)
I «400(.8) «125(.4) «331(.9) 1.069(3.7)
S 1.157(1.3) | -.171(.4) 1,034(.7)
Intercept 11.788(5.9) | 3.962(2.3) | 6.405(3.4) 10.667(5.6)
Adj. R2(unadj. R2) .095(.285)| .662(.751)] -.126(.186) «734(.804)
SEE . 708 .782 «307 o724
F-Statistics 1.5 8.4 o6 11.5
# of obs. 20 20 19 20
Equ. 2 (IW/GW)
PI -1.,386(4.1) | =.428(.7) |-1.402(1.7) -.762(.3)
PR 1.338(5.0) «500(.8) 1.275(1.7) «632(.3)
GW -.419(2,3) «417(.9) «622(2,8) -.149(.6)
T «122(.6) +286(.6) .108(.6) «492(.3)
S -.994(.8)
c .085(1.1) -6.187(2.6) | -3.924(5.0)
Intercept 4,271(2.3) 22.127(2.9) 8.264(2.4) .668(1.0)
Adj. R2(unadj. R2) «593(.700)] .755(.833) «699(.788) «158(.335)
SEE 2295 . 405 «330 .185
F-Statistics 6.5 10.8 8.9 1.9
# of obs, 20 0 18 20




water respectively.

(4.21) can be written as:

Doso W
Q Q " GW
F(P s Pi, Py oee) =GPy, <o ) H(Py, P, o0)

From (4.22), the following relations can be derived:

= E, o tE _ ° +E _°
EF'P G‘P H.P EP E

W W 1 1°Fy  HePp PrePy
E a E °E + E
FaP ° ° °
{ G Pw Pw Pi H Pi
E a E *‘E + E
FoP, GeP, PPy H-P,

where EA B is the elasticity of A with respect to B.

and E
i Pw'Pr

H+ P, E are further equal to:

PwoP

P
PP, P "n.p,

P
a (1 - k) + (1 - )'E
Pw

H.P,

Ep .p

w T

Let F = IW/Q, G = GW/Q, and H = IW/GW.
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The identity

(4.21)

(4.22).

(4.23)

(4.24)

(4.25)

Since Pwp(Pi-Pr) .

(4.26)

(4.27)

where k is the total cost of intake water as a percent of the total cost

of gross water.
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Table IV-5 gives the estimates of the three price elasticities on
the assumptions that (1) a one-percentage change in the price of gross
water results in an equal-percentage change in the prices of both intake

water and recycled water and (2) E p and E .p are approximated by

Pw' i Pw r

k and (1-k) respectively. These assumptions assure that EF p " EF P
L] w [ 1

+ EF~P .

Table IV=-5 Estimates of Price Elasticities of Water

least-squares estimate
-price elasticity ordinary two-stage
industry industry
P C L S P C L S
E --4 -.7 --9 -1.1 _.3 -.9 -.5 _.7
FeP,
E -1.4 -,7 -=1l.4 =1.6 -1,.6 -.6 -1.5 -1.2
F-P
i
E 09 -.0 .5 -5 1-3 --3 1-0 .6
F*P,
P = paper, C = chemical, L = petroleum, S = gteel

As shown by the two-stage least-squares estimates given in the table,
the elasticity of intake water per unit of output with respect to the

price of gross water is below unity for the paper, chemical, petroleum,
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and steel industries. However, given the price of recycled water, the
elasticity with respect to the price of intake water is greater than one
for all the industries except the chemical industry. The latter has a
negative elasticity with respect to the price of recycled water while
the opposite is the case for the other industries. This suggests that
the plants in the chemical industry may be more flexible on the use of

water than thoase in tha other industries.

Conclusion

Since the intake water per unit of output has fallen for most of
the major water-using industries in U, S. manufacturing in the past and
may continue to do so, the demand for intake water has not been and
will not be simply proportional to the demand for output. Any fore-
casts of the requirements for water intake will be subject to error if
they are based solely on the forecasts of output without regard to the
possible changes in water cost and production processes. The changing
ratios of intake water to output imply that plant decisions on water
use are also influenced by the factors other than output. This has been

borne out by our empirical results.
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Appendix IV-1 Water Cost Functions

Specific equations used for estimating the unit costs of intake

water (IW) and recycled water (RW) are the following:

Paper ™C = (a; + aZIW)Iw + (bl + bZ(GW/IW))Rw,

Chemical TMC = (al + a,S + a3IW)Iw + (bl + b,S + b3(GW/Iw))RW,

2
(al + azs)Iw + (bl + bzs)Rw,

2

Petroleum TMC

Steel T™C

(al + a,T + a3IW)IW + b_RW,

2 1
where TMC = total manufacturing water cost, S = plant's size, and
T = manufacturing technology. Least-squares method is applied to

the above equations. Residuals are allocated to IW and RW in

proportion to the estimates of their total costs.
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Appendix IV-2 Effects of the Omission of Non-Water
Input Prices on Estimation of the

Water-Output Relation

The relation explaining gross water per unit of output, as given

by (4.19) in the text, is, for 1 = 1, ..., n,

log(GW/Q)i = a1+a21n(Pw)i+a31n(Q)i+a41n(1)i+assi+a6T1+ui (Iv-2.1)

or, in the matrix form, y = Xatu. No factor prices other than water
cost appear in the relation because data on them are not available.
The omission of non-water input prices will have effects on the simple
or two-stage least-squares estimates 6f the coefficients of included
variables, The effects are examined in this appendix.

Let the correct specification of the relation be

log(GW/Q)y = al+a21n(Pw) i+a31n(Q) g8, 1n(D) Ja S +a 6T1+a71n(Pn) ey (1v-2.2)

or, y = Xata_z+e. P_stands for the composite price variable of non-
7 n

vater inputs, a,<0, and a,>0, It is assumed that E(e) = 0 and E(ee’) =

7
czln. (Iv-2.1) and (IV-2,2) thus give u = a_z+e, implying that E(u) # O.

7
First, consider a case where the explanatory variables in (IV-2.2) are
nonstochastic and the simple least-squares method is applied to (IV-2.1).

The resulting estimates of a will be biased because

a* o (x'X)'lx'y = a+a7(x'x)-1x'z + ') x'e (1v-2.3)

from which we have
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E(a;) - aj+c;a7, for =1, ..., 6 (Iv-2.4)

vhere ci, seey cz can be considered as the simple least-squares estimates

of the coefficients in the following auxiliary relation:

1n(Pn)i - c1+czln(Pw)i+031n(Q)1+041n(1)i+c581fc6T1*wi (Iv-2.5).

It can be seen from (IV-2.3) that, if 2 and X are stochastic and independent
of e but they are correlated in the limit, the least-squares estimates of
a will not be consistent.

However, E(ag) o aj will hold if the partial correlation between
ln(Pn) and the j-th variable in (IV-2.5) is zero. It is suggested in
the text that ln(I) might also serve as a good proxy for 1n(Pn). The
estimated coefficients of (IV-2.5) thus would be all close to zero except

for j ¥ 4 and

cs, yielding the approximate result that E(as) = a

b
E(a:) = a4+cza7.

Becondly, we assume that ln(Pw) is an endogenous variable and the
simple least-squares method is applied to the misspecified relation
(IV-2.1). Since there are correlations between ln(Pn) and the other
explanatory variables and between ln(Pw) and the digturbance term, the
last two terms in (IV-2.3) will not disappear in the limit. Hence, the
estimated coefficients will not be consistent. The effects of misspecifica-

tion and endogeneity, however, may offset or aggravate each other.
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Finally, assume that ln(Pw) is endogenous and the two-stage least
squares method is applied to (IV-2.1). Let (IV-2.1) be written as
y = azp+Xa+(azz+e), with p standing for ln(Pw) and X now for the other
explanatory variables, From the first stage of the two-stage least
squares, we have: p = phiv®, where p* is the estimated vector of p
based on all predetermined variables in the model and v* the resultant
residual vector. Then, we have:

y o azp*+XA+(a7z+e+azv*) (1v-2.6).
Letting Z & (p*X), the second stage yields:
a®

a -
¢ 2)=@n 2y D) + a2 N2 + @' 2 (v-2.7)
an a

for 2'vk = 0, From (IV-2.7), we have:

a
nm(z)a(:)+%nm%rn4mm%rn (1v-2.8)

for Plﬁmﬁ% Z2'e) = 0 by assumption. Therefore, the two-stage least
squares estimates are not consistent if there is an omission of relevant
variables. Again, if 1n(I) is a good proxy of ln(Pn) and hence there is
a perfect correlation between them, the estimated coefficients will be

consistent axcept for the coefficient a,.
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Chapter V

Technical Change, Industry Location

and Industry Water Use

In previous chapters we have identified the trends in industrial
water use, the changing location pattern of water using manufacturing
activity and the response of management to the increasing price of
industrial water. In this chapter we would like to examine some of the
emerging technological factors which will impinge both upon future
plant location decisions and industry's use of water.

The catalog of emerging technical changes which follows is in no
way exhaustive of the future possibilities. Hopefully, it is
representative of the kinds of issues the industry is discussing. It
is important to note that this is only a survey. The economic feasibility
of the possible innovations are rarely given in the technical literature,
and we were not in a position to perform that evaluation. It is our
expectation, however, that because of the frequency with which most of
the innovations discussed below are mentioned in the trade literature

that they are now or could soon be on the margin of feasibility.
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The Steel Industry

The U. S. iron and steel industry is the largest in the world,
accounting in 1966 for 267 of total world production. Its share of
world production, however, is dropping steadily, and is estimated to
fall to 21%Z by 1975.A The domestic steel industry is likely to remain
a dominant force in world production despite its relative decline,
however, since the U. S. has extensive reserves of iron ore and coal.
These reserves, coupled with increasing industry productivity, have
allowed the industry to maintain relatively low costs for its product
over many competing materials. The physical characteristics of steel
itself, particularly its strength, often give it an inherent advantage
as well.

The demand for steel is a derived demand largely determined by
the rate of capital investment and consumer expenditures on durable
goods. In satisfying customer demand, a major strength of the domestic
steel industry has been its capacity to respond to customer needs both
in terms of product specifications and in quick service. The importance
of quick service and short lead times is likely to be an increasingly

important location factor in the industry.
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Historically steel making has been located near raw material sources,
parcicularly'coke. The industry is shifting, however, to consumer markets
at least in part to exploit its service advantage over foreign suppliers.

This tendency for decentralization in the domestic steel industry
is partially offset by two important factors. First, the basic oxygen
process uses relatively less steel scrap and is more consistent with large,
integrated mills at traditional locations. Second, because of the relative
abundance of U.S. iron ore, production from primary raw material sources
will remain competitive with production from scrap for the foreseeable
future,

In a competitive response to customer demands for higher quality
steel, producers have entertained a variety of technical changes in recent
years. The trend is away from "batch" production techniques necessitating
high in-process inventories, lower plant utilization, and thermal
inefficiencies.A Newer processes tamd to increase the continuity of
the steel process. This offers water saving advantages since less cooling
and reheating is required. Offsetting this, however, is the fact that
new techniques often involve higher temperatures and pressures. The net
effect on water use is indeterminant. The probability is that major
changes in water use are likely to be relatively independent of primary
process changes.

The increased cost of energy is likely to further stimulate increases
in thermal efficienéy, perhaps further reducing cooling water demands.

These changes will reflect the continuation of a long term trend. Between
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1946 and 1966 the coke requirements per ton of steel decreased by over
297.4

Energy also impacts the feasibility of electric furnaces. Large
tonnage steel production by electric furnace is unlikely without decreases
in power costs.B The low probability of decreases in power costs in the
near term underscores the likelihood that electric furnaces will be small
scale market oriented operations.

The shift to small plants has been further encouraged by the changing

steel market. As more steel is imported and basic iron materials increase
in price, the relative attractiveness of steel scrap as a resource
increases. Growing steel imports, of course, are a major source of steel
scrap, Thus, decentralizeq locations within major urban markets are
increasingly solving both traditional site selection needs: proximity to
customers and proximity to raw materials. As solid waste disposal techniques
improve and the concern for ecologically sound solid waste disposal grows,
as it most certainly will, there will be still greater incentive for
development of small scale decentralized production facilities.

Perhaps the best indicator of the feasibility of small facilities
is seen in the growth of small volume steel plants. Between 1950 and 1960
at least ten small companies offering service and flexibility to a
l1imited market energed.c Since 1960 another 20 so-called mini-mills

have been constructed.D

The larger steel facilities do have an alternative means of competing
with the small mills via steel service centers. Often privately owmed,

these warehouses provide from inventory essentially the same service and
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product flexibility that the mini mills provide. They involve high inventory
costs, of course, as well as substantial transportation costs. The

relative viability of service centers versus mini mills remains to be

determined.

Pulp and Paper Industry

The steel industry is apparently loosening some of its locational
ties to primary raw materials. At the same time changes in water use
in the industry appear to be more of a function of water processing
technology and water cost than fundamental shifts in product technology.
The opposite appears to characterize the paper industry. Plants in the
industry have doubled in average output since 1959 and displayed a marked
orientation to raw material supplies. The growth of the southern paper
industry is closely related to tree farming innovations and technical
improvements permitting the profitable use of lower quality but faster
growing timber., 1In addition, water use is quite sensitive to process
and product innovation since it is used disproportionately less for cool-
ing than in other industries. Less than 28 percent of intake water in
the paper industry is for cooling versus 60 percent for chemicals and 57
percent for primary metals.

As a result of this relative emphasis on process water, water use

in the paper industry varied substantially by process in the late sixties.

Table V-1 illustrates some of this variation which occurred.

Table V-1
Unbleached Bleached Kraft Deinker
Process Pulp and Paper Pulp and Paper and Paper
Water Use (gal/ton
finished product) 30,000 45,000 33,000
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Bleaching is clearly the largest single water user in an integrated
paper plant and any non-aquaeous substitutes could significantly affect
industry water use.

It is also well to point out that the use of recycled paper which
requires deinking has different water use characteristics, requiring only
slightly more water than unbleached Kraft, Here, as was the case in the
steel industry, end product recycling is likely to have an important impact.

If paper recycling increases, water use can decline in the paper
industry. Solid waste disposal innovations, however, may not be in the
direction that encourages paper recycling. Some solid waste disposal
systems, for example, in an oversimplification of the actual process involved,
can only separate organic from inorganic materials. This might result in the
organic wastes--including paper--being used as a feedstock for power
generation, for example. Some facilities today turn the organics into
animal feed. If a solid waste classification system allows the separation
of paper, then scrap paper availability for recycling will increase. If
not, recycling of paper to produce more paper may actually decrease,
thereby increasing water use.

Much less speculatively, we can note that water use in the paper
industry is basic to existing paper making technology. Efforts to meet
environmental standards or responses to higher water costs are likely to
require changes in basic technology as well as more efficient water use.

New technologies requiring reduced water are emerging in all phases of



109

paper making. Integrated operations with zero liquid effluent are fre-
quently discussed in the industry literature, and may well be feasible
in the not too distant future. Operations requiring 10,000-12,000
gallons/ton of finished product are now in service, versus more typical

requirements of 30,000-40,000 gallons.

One of the most controversial areas of new paper technology involves
bleaching. Not only does bleaching require large volumes of water, but
traditional chlorine bleaching techniques are totally inconsistent with
current pollution control standards. The conflict is likely to be
resolved by the adoption of either oxygen-alkali bleaching or chlorine
dioxide bleaching. Either technique will result in significant
reductions in water use. Oxygen bleaching offers a way to eliminate
the majority of pollution from the bleach plant. Strong pollutants from
the first stages of bleaching can be recycled to the recovery system
without worry of chloride buildup and at a relatively high dissolved
solids level. Oxygen bleaching processes currently in operation report
better than 70 percent reduction in color, BOD and chloride compared to
conventional techniques.

Proponents of the chlorine dioxide method claim it is possible to
completely eliminate pollution from the Kraft bleach plant. Their
approach is as follows: (1) produce chlorine dioxide from an effluent-
free process, (2) reduce or eliminate chlorine usage in the first stage
by using chlorine dioxide for the bulk of the bleaching agent, (3) wash
counter currently from the bleach plant through the unbleached pulp
washers, (4) use evaporator condensate to wash the bleached pulp.

Counter-current washing requires that chlorine be replaced by chlorine
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dioxide because chlorine will not function properly at the high
temperatures required by counter-washing. Counter-current washing
results in 50-90 percent less water consumption, 1-2 percent increased
yield, 90 percent less steam consunétion and a decreased volume of
effluent. When fully implemented, this method could reduce water
usage from the traditional 40-45,000 gal/ton to 4,000 gal/ton-;the

current level of actual water consumption in the paper industry.

In other areas of paper making changes are also being considered
which affect water use. Dry barking, for example, is being suggested
as an economical equivalent to current wet barking operations.

In an even more advanced technology, the Swedish Forest Products
Research Institute has developed a totally new way of making paper--
forming it from fiber suspensions approximately ten times more con-
centrated than normal practice. The quantity of water is consequently
reduced by 90 percent. This technology is not fully developed yet, but

it is expected to be on the market within a year.

Petroleum Refining

The demand for petroleum products has a long-term growth rate in the
U. S. of 6 percent per year versus 10 percent in the rest of the world.
As the current energy shortages dramatically illustrate, there is a press-
ing need for additional domestic refinery capacity. Preferred refinery
locations, given the bulk of the commodity involved, are on or near the

seaboard and crude oil production sources close to large markets.
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Pipeline and ocean shipping access are prerequisites since
the cost of trhnsporting a barrel of crude il from the well head
to the refinery by tanker can easily exceed the cost of refining
1t.A With transportation costs of this magnitude, access to the
lowest cost transport source is essential,

Water use in refining is primarily for cooling. For the most
part, changes in water use are independent of product processing
technology and are largely due to changes in the technology of
water reuse and/or cooling.

Current issues in final product technology revolve around the
selection of catalysts within various available processes rather
than development of new processes. Use of bimetal and trimetalie
catalysts and zeolite catalysts is at the leading edge of technology.
Substitution of various catalysts can be accomplished without
changing the basic process or water needs, Methods for injecting
catalysts most efficiently are being improved.

Catalytic reforming, hydrocracking and alkalation are
processes which are growing most rapidly as can be seen from the
following table. These trends reflect the increased demand for

high octane, low sulphur fuels.
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Table V-2

Growth in Use of Process

Process 1967-1971 1972
crude capacity 4.2% 3.2
catalytic reforming 7.2% 9,82
hydrocracking 27.02 14.72
alkalation 6.92 10.42

New technologies appear to have little effect on water use except
for the fact that the more impurities that are removed from the petroleum,
the more they are left in the waste water. Reduction in water use in
the industry results primarily from changes in cooling water technology
since 91% of water use is for cooling and condensing. Water use in
fractioning has been significantly reduced in some refineries due to a
shift from barometric condensers to surface condensers because in the
latter cooling water does not come in contact with the oil and can there-

fore be reused. Surface condensers, however, have higher operating and
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maintenance costg, higher initial cost and shorter lives. These higher
costs must be weighed against waste-water treatment costs.

In some cases air-cooled finned heat exchangers have replaced cooling
towers to greatly reduce water use but this switch is very sensitive to
electric power costs. We identified fin-fan cooling systems in Houston,
Texas and Torrance, California, both relatively low cost electrical energy
sources.A Higher energy costs might slow the conversion to this process.

Reduction in water use has also resulted from computerization of
refinery operations which balances processes to reduce intermediate heat-
'1ng and cooling for storage.

Water reuse has increased significantly because of high waste-water
treatment expenses required to meet pollution standards. Highly concen-
trated waste water can be treated more efficiently than diluted waste
water. Substitution of side-~stream purification systems for cooling
tower below down has resulted in lower water use, lower chemical costs
and greater heat transfer efficiency.

Increase in average refinery size from 41,420 b/cd in 1968 to 53,000
b/cd in 1972 due in part ot the inability to obtain new refinery sites
has caused producers to be more thrifty with fixed locally available
water supplies.

Collection of pump-jacket cooling water for reuse has made significant
reductions in refinery water use, as has collection of steam condensate
and the use of oily water cooling towers for water which contacts hydro-

carbons such as in sump gland and seal cooling, but can be reused without

cleaning.
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In conclusion, basic refining technology has not resulted in signifi-
cant reduction in water use, but more efficient use of the water required
by the existing technology has resulted in significant reductions in intake
water use. As these efficiencies are exhausted, perhaps there will be
greater incentives to improve the basic technology with regard to water
use. As an example of what might be done, Mobil has developed a cryogenic
process for natural gas processing. This new process contains half the
number of vessels, towers, pumps, heat exchangers and related equipment
and about one-half the land area of a proposed lean-oil absorption process.
No steam or cooling tower water is used. Transferability of this type of
process to petroleum refining is questionable but it is a possibility that
warrants investigation if further reductions in water use are required.

Although not strictly a petroleum refining operation, the gasification
of coal is approaching economic feasibility as a means of producing certain
final petroleum products. Although it is difficult to speculate on the
water requirements of a gasification facility, we can point out, however,
that the production of liquid and gaseous hydrocarbons from coal generally
involves higher temperatures (400°C-600°C) than those found in petroleum
refining (150°C-350°C), and therefore, one can expect large cooling require-
ments. Since it is possible that cooling fans may be more useful in
temperature reduction from such high elevations, it may be incorrect to
conclude that coal gasification will require significantly more water
than petroleum refineries. In fact, it is quite possible that cooling
fans, cost justified by the high temperature elevation,may actually reduce
the temperature to levels below those prevailing in a conventional refinery,

thereby reducing cooling water requirements.
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Chemical Tachnologx Survey

The chemical industry is as diverse as any industry could be and
still have a general title. The range of inputs and products is almost
beyond comprehension, and the range of processes is even greater. There
are generally several ways of obtaining a product from & general group
of inputs, although varying amounts of inputs are required for each
process. The "market life" of products is viewed as extremely short,
and flexibility is the key word in most chemical plants. New discoveries
are almost commonplace, and it 10 not umnreasonable to characterize the
chemical industry as among the ®ost dynamic and imaginative of the manu-
facturing industries.

For the most part water is one of many inputs in chemical processes,
and while there is a problem with water quality, it is a problem with
various degrees of solutions. The processes often require a quality of
water which is not found in nature and some pretreatment is required.

The degree of pratreatment and subsequent costs is not insignificant;
however, other factors in site locations usually dominate.

It is not difficult to illustrate the sensitivity--and uncertainty--
of water needs in the chemical industry in the face of new technology.
For example, an important new chemical group which has just become
economically useful due to a breakthrough in its synthesis is the
"aminimide family."” It has a host of uses in its different forms: a
surfactant (wetting agent, emulsifier, dispersant or penetrator), an
adhesive, a detergent (biodegradable, but expensive), a cosmetic base,

in coatings, to control shrinkage in wool, in photographic work, etc.
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This particular family of chemicals may or may not be a significant
factor in future chemical production, but as luck would have it, there
is no water used in its synthesis and moderate temperatures are involved
although at this time it is not expected to alter water use requirements
in any plant where it is produced. The point, of course, is that these
new chemicals could have required no cooling or it could have required
copious amounts of water for ome purpoa.a or another. Obviously, planning
for water needs in an enviromment this changeable is difficult, at best.

Pollution controls are being met in this industry by post-treatment
together with many adjustments possible in processes. As we were told
by a number of chemical engineers, "there are several ways to make any
product, and we chose the most economical one. If we are now to include
the concept of having clean waste water into our process, thers are just
additional costs to comnsider."

Perhaps the most obvious conclusion we can draw from these examples
is that any attempt to forecast the demands of the chemical industry for
intake water will involve considerable uncertainty. The very concept of
providing "adequate" water supplies for the chemical industry is an

ambiguous one.
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Primary Aluminum Technology

The commerical method of reducing aluminum "ores" to aluminum is the
Hall electrolytic method. Alumina (the "ore'") is dissolved in a molten
cryolite and an electric current is passed through the mixture causing
the separation and collection of pure aluminum. Approximately 15,000 Kwh
of electricity are required per ton at output, but some of the more
efficient cells require only 13,000 Kwh., Currents of 50,000 to 100,000
amperes are passed through the cells at very low voltages (5 to 6 volts).
The primary use of water is as a coolant, although some washing of bauxite
(the most common source of alumina) occurs.

Alcoa has announced the construction of a new plant which will
eliminate the need for cryolite. The process is described as "continuous
electrololysis of aluminum chloride in a molten electrolyte of controlled-
oxide content.”" The process will result in a 30Z reduction in electricity
needs, and operates at a much lower temperature, thus requiring a reduction
in cooling requirements. Although no statement concerning methods of
cooling were made, however, one suspects that water cooling will be
employed. Cooling with air fans is more applicable to the initial drop
from very high temperatures.

The first production of aluminum was by a chemical process which was
dirven out of the market by the cheaper electrolytic method developed by
Hall, Today, new chemical methods are being explored. The seemingly
most promising method involves the use of chlorine and then manganese.

The water requirements for this process are unknown to the authors as we
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were unable to locate the developers of the process from the various

references in the trade journals.

Water Pollution Control Technology

One technology reasonably common to all of our industries is the
pollution control technology. The technology of water pollution control
has made enormous strides in the last couple of years, and while solutions
are as particular as the problems encountered in each plant, they all
have the reduction of water use as a generally common concept. Immediate
steps such as lagooning where suspended particulates are the major
problem are cheaper with smaller wolumes of water, and here some of the
intake is being satisfied by using clear water from the lagoons, thus
reducing "official intake" even further. In general when water was free
for the taking and no clean up was required, the least cost method was
a "once through system.” In certain paper processes the recovery of
expensive chemicals to be reused meant that recycling was cheaper even
then, and now that water pollution controls are being considered almost
every plant has been able to reduce the "cost of clean water" by
retrieving some useful items.

As a dramatic example, one technique involves a carefully controlled
evaporation-condenser for a petroleum refinery. 1In a typical refinery
an annual expense (depreciation, labor, electricity and repairs) might
range between $400,000 and $600,000 annually, depending on whether

excess steam was available from the refinery or not. The recovered
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oil, however, if valued at $3/barrel would provide $700,000 annually to
more than offset this cost. Of course, in most water treatment cases
only a portion of the expense can be recovered.

Demineralized water is often a valuable by-product of these water
treatment methods. When required for processing, it was previously
expensive to obtain often worth between $2-$3 per thousand gallons.
Demineralized water is also generally useful in cooling towers since
evaporation does not produce the usual concentration of dissolved solids
which clog the system and reduce tower life; however, in cooling uses
it cannot be valued so highly as above.

Waste processing is also available from several companies specializing
in this service. It is extremely expensive and may well be limited to
small operators with no viable alternative. To put this cost in
perspective, we can note that water typically costs from 2¢ to 25¢

per thousand gallons to intake, while firms specializing in treatment

charge from 2¢ to 15¢ per gallon to clean it up. Even deep well
disposal is estimated at 1/2¢ per gallon, a price that is almost over-

whelming when reported as $5 per thousand galloms.

Conclusion
Although we have touched only the highlights of technical change
in the water using manufacturing industries, several important generaliza-
tions do emerge. First, the possibilities for changes in the use of
water for cooling are substantially greater than water used for processing.

Cooling water, of course, is less likely to be severely contaminated, but
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perhaps more importantly, changes can be made quite independently of
basic changes in the production of the final product. Petroleum is the
best example. The fewest options are in paper making where fundamental
process changes may well be required to change water use, given the very
high cost of treating contaminated effluent.

The second general observ;tion is that although water plays a crucial
role in these industries and we have observed a sensitivity to its costs,
there is rarely any discussion of the impact of various proposed tech-

nologies on water use. This lack of discussion might be taken to indicate

the relative unimportance directly placed on water problems by research
and development staffs.

A third general conclusion is that technical changes unrelated
to an industry or its use of water may well have greater impact on
our selected set of industries than some of the technologies we have
discussed. As the discussion of the paper industry indicated, even
in the absence of technical change in the industry, technical develop-
ments in solid waste disposal might well affect the supply of scrap
paper and, hence, the mix of paper making processes. Similar possibilities

are readily identifiable in the steel industry.



Chapter VI

A Summary of Findings

The original objective of this study was to examine the empirical evidence
regarding shifts in industrial water use in order to increase our understanding
of the impact of changes in the cost and quality of water on technological
changes in process design and plant location decisions.

In the initial research design stages, the issue of the
price elasticity of the demand for industrial water use was given priority.
Most earlier research on the relationship between water use and water cost
had indicated very little price responsiveness. In sharp contrast to much
of this work, our research indicates that at least in a cross-section
analysis of major water users, water use and water reuse is tempered by
relative water costs. Not only were price coefficients in our model signifi-
cant in the statistical sense, they were also significant in absolute
magnitude. Price elasticities of -.5 to -1.0 and over are substantial.

A demand elasticity with respect to own price of -.5, for example, indicates
that a 50 percent increase in the price of water result in a 25 percent
decrease in use. Clearly it is not appropriate to extrapolate these observa-
tions far outside the range of observed price variation; but just as obviously
it is clear that management does perceive and can respond to water price
differentials,

An obvious question is why others have not identified a relationship
which in our analysis stands out quite dramatically. One explanation is

simply that most water related research in the past--and currently--takes a
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macroeconomic view of water demand. It is not at all surprising to see little
correlation between aggregate demand for industrial water and water costs.
A macro economist would not expect to see a strong correlation between GNP
and the consumer price index either, but this does not imply that consumers
are insensitive to price changes. Rather, it suggests that aggregation hides
the marginal adjustments we seek to identify.

The macro or aggregate demand perspective is not the only reason why
the price responsiveness of management decisions has previously been obscured.
Some analysts have taken a microeconomic perspective. The study from which
we derived much of our basic data, for example, also took a microeconomic
statistical approach. The authors of that study concluded:

The data do not indicate that increased water use costs
reduce the utilization of water.A

The authors apparently expected to find such a relationship for they
proceeded to note:
The only satisfactory explanation for this apparent lack

of cost consciousness is that water use costs are generally
such a minor cost item in most plants.B

Why, using essentially the same data, do we come to different con-
clusions even in a micro economic framework? The answer stems primarily
from our willingness to impose outside constraints on the data. On the
basis of economic theory, we made assumptions regarding the functional
form of the derived demand equations and the simultaneity and/or recursivity
of our two equation model structure. We also imposed certain other
functional restrictions in the partitioning of total water costs into

separate prices for intake and recycled water.
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We believe our assumptions are defensible. In any case we are con-
vinced of the merit of attempting to analyze industrial water use.ftom a
microeconomic perspective in the context of the theory of the firm. We
hope that furthar research in this direction will be encouraged by our
efforts.

As a consequence of our attention to the issue of water price and
water use, the question of water quality and water use dropped to a level
of secondary importance. This was the case, first, because of our own
resource constraints, but more importantly because we feel that differences
in water quality manifest themselves in differences in total water costs.
A poorer grade intake water, for example, may require expensive pretreat-
ment or may not be suitable for recirculation. A finding of significant
price responsiveness to differential water costs suggests that perhaps
future research should try to identify the impact of water quality on
water cost, rather than attempt to identify direct linkages between
quality and use.

Among the water quality characteristics most frequently discussed in
the trade literature was temperature. The availability of cooling water
is apparently seen as an important location factor. There is some concern,
for example, that if nuclear power plants are a major source of future
energy, the supply of cool water might be seriously affected.

Among the important issues not addressed in our cross-section analysis
of water use is the impact of changes in water costs over time. Our
analysis examined different plants at different sites at the same point

in time. If original plant designs reflect different prevailing water
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costs, but once built, processes are relatively inflexible, then it

may be that a cross-section model will identify a greater degree of
price responsiveness than a time series model based on the same plants
in the same locations in different points in time. Given the locational
inertia of the plants studied, future research might well be directed to
the collection and analysis of a time series of water use at the plant
level.

There is considerable evidence that the cost of water has increased
substantially over time and price differentials over time are greater
than most areal differences at a point in time. The secular increase
in the cost of water stems from four important sources. First, general
price inflation: this factor, to the extent that it does not reflect
changes in relative prices, is not of primary concern. A second source
of higher costs stem from the limited supplies of quality water. Over
time more demands of existing systems and some water quality deteriora-
tion have driven the price of water up. A partial offset to water
pollution abatement costs, for example, will be the relative decrease
in cost of intake water due to improved average quality.

A third source of price increases, and the one receiving the most
attention, has been due to pollution abatement costs. The costs have
risen dramatically and will continue to do so in all likelihood.

A fourth source of higher water costs, however, is not typically
mentioned. For a variety of reasons, among them the limitations on the

availability of new plant sites, firms in the water using manufacturing
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sector have typically expanded capacity at existing plant sites. The
paper and petroleum industries best illustrate this phenomenon. As a
consequence, the intensity of use of an essentially given water resource
has increased. This, in turn, has increased the cost of water to the
firm. Although we have not been able to identify the quantitative
importance of this phenomenon, it would be possible and desirable to do
so in a time series analysis.

In addition to estimating the price responsiveness of management
to water costs, we attempted to examine changes in the geographic
distribution of economic activity in our sample industries in an effort
to identify a locational response to changing water needs. For the most
part, the role of water in site selection was far less dramatic than the
impact of water costs on water use. This is not surprising for several
reasons. First, the degree of price response identified indicates that
there exists a substantial ability to adjust water use and total water
requirements, In a less flexible technological environment we would have
expected more location adjustments in response to water needs.

Second, the water needs for our sample industries are inextricably
bound to their needs for low cost bulk transportation. As a consequence,
sites along the seaboard or along navigable waterways receive a high
priority. These sites provide low cost bulk transportation, either on
the water, or via favorable water competitive rail rates. In this latter
regard it is interesting to note that the Southern Railway has a pricing

policy of offering water competitive rates to all customers if it offers
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them one for a particular commodity. Plants in Southern's district are
no less likely, however, to locate on navigable waterways, suggesting the
dual importance of water for transportation and water for processing.
Indeed, our inability to separate the two factors may simply reflect

that they cannot be separated without considerably more establishment
level detail regarding transport costs and water use,

Interestingly, among the industries studied here, a location near
the source of raw material supply has dominated the site selection
,process. Although there is little evidence to suggest that this is
less the case now than previously, it is well to point out that in
several of the industries it is now increasingly possible to satisfy
both the need to be near resources and the desire to be near markets.

The steel industry best illustrates this point. With the growth
of electric furnaces and the growth of scrap steel availability (due
to the increased importation of foreign steel and the adoption of basic
oxygen processes which consume relatively less scrap), it is now possible
to locate a minimill in the urban market. This allows the firm to
provide speedy service to its customers and at the same time exploit
local scrap resources,

A similar pattern may well emerge in the petroleum industry. If
a number of (currently substantial) environmental problems can be over-
come, the vast U.S. oil reserves of the eastern Continental Shelf will

undoubtedly be tapped., This will provide a major source of crude oil



127

to refineries to be located in the high demand areas of the Northeast.
The opening of these o0il reserves might be more important than other
sources more generally cited which are less accessible to lucrative
consumer and industrial markets along the East Coast.

Even the paper industry which has the obvious need to locate where
the trees are adjusts its location pattern to satisfy important marketing
objectives. Multi plant firms, for example, can specialize their coastal
plants in the production of goods for export.

This latter phenomenon might be accelerated by the devaluation of
the dollar. Already we observe many foreign firms, particularly the
Japanese seeking U.S. plant sites. Perhaps the most dramatic instance
of this phenomenon is Volvo's decision to build automobiles in the U.S.
Although there is little evidence at this time that foreign firms in
water using industries are seeking U.S. locations, the increase in trans-
portation costs associated with rising energy prices, coupled with
devaluation, might induce this result,

Also bearing on location considerations are three types of environ-
mental factors. First, the quantitative restrictions on effluents,
although a source of much of recent discussion, may well be vaporizing
as significant locational forces. Controls resulting in significant
abatement costs are now virtually ubiquitous. There is little real
opportunity to exploit locational differences in this regard.

Perhaps more important are subtle environmental concerns focusing

less on quantitative considerations than on qualitative ones. The changing
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ethic regarding economic growth, for example, or public outcries when an
industrial plant affects the "quality of life" are in many cases more
serious barriers than effluent controls themselves. The emphasis on
expanding at existing sites is a response to this fact.

Obviously, expansion at existing sites has some limit. The diffi-
culty in opening up new sites will encourage the use of abandoned sites.
It might also represent an opportunity for industrial site developers.
Developers could perform envirommental impact studies, for example,
obtain local approval and then solicit tenants. This would be a normal
extension of real estate practices and could result in shorter time lags
in site approval from the standpoint of the industrial firm, if not
from the developer's perspective.

There is a third possible source of envirommental impact. Water
using industries are basic industries producing commodities which can
often be recycled., Just as steel scrap has encouraged small scale
decentralized minimills, similar recycling possibilities in other industries
might exist. Although the precise nature of such possibilities is unclear,
it 18 quite likely that access to waste materials will encourage ankat-
oriented urban locations.

Other factors on the horizon might even reduce the envirommental
demands of some water using industries. To the extent that rising energy
prices encourage greater thermal efficiency, the problems of thermal

pollution can be reduced, for example.
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In addition to envirommental forces, there are major technological
changes taking place which affect both water use and industry location.
It is useful to identify three types of technological change. The first
type of technical development is specific to water uses and involves
various treatment methods, cooling alternatives and the like. This type
of technology is most obviously stimulated by pollution restrictioms,
although water costs are also relevant. It is useful to identify these
types of innovations separately because they frequently entail little
or no change in final product processes. The technology for recirculat-
ing cooling most clearly fits this category. Any locational adjustments
this kind of technology induces are likely to be difficult to identify,
especially if the need for access to water transport continues. These
changes are generally the least disruptive.

A second type of change occurs in the actual production technology.
These changes, although possibly induced by water costs, are perhaps
more likely to be responses to other factor costs. The impact on water
use is largely a secondary affect.

Chemical recovery in the paper industry, for example, is typical of this
kind of innovation. With rising commodity prices, the need to recover non-
water inputs in tha future may well be a major source of the change in
industrial water use. Even the petroleum industry which loses substan-
tially less than one percent of inputs during refining has processes

technically feasible which can recover oil from waste water profitably
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if the recovered oil is worth $3.00 per barrel. Similar recovery oppor-
tunities exist in the chemical industry. The by-product of these processes,
of course, is often clean water available for recirculation.

A third, and perhaps the most important, set of technological innova-
tions is one we have not examined here and that includes changes in
industries other than the ones we have examined. We have suggested that
solid waste technology may well affect the water using industries. The
development of low cost energy sources could encourage electric furnaces
in the steel industry. Petroleum refining could be affected by the develop-
ment of alternative energy sources. The container and packaging industries
have been and will continue to be affected by the development of new

materials. The possibilities, needless to say, are virtually endless.

Conclusion
Our study objective has been an ambitious one--go ambitious perhaps
that it was inevitable that we fell short of our goal. Three general
statements may, however, be made in conclusion.
- First, the ability of management to respond to the rising cost
of water for industrial use is far greater than generally
recognized. This has major implications for public policies
regarding water pricing, water demand forecasting and water
resource investment.
- Second, the rising cost of water virtually everywhere has

actually decreased the importance of water for processing as
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a criterion for discriminating between sites. A short run
response has been to expand at existing sites. In the long

run, the effect is likely to be the growing relative importance
of other non-water factors. Most notably among these is the
strong desire to locate near final product markets. Even
producers of primary products who traditionally located near
sources of raw material supply are finding locations near
customers an attractive way to offer the kind of quality service
customers require,

Third, technology has in the past and will continue to alter the
nature of water using industries. It is essential to keep in
mind, however, that technological changes outside our sample
industries are just as likely to have major impacts on the
industries studied as will changes within the industries them-

selves.
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Footnotes

Introduction

"Total water costs" is admittedly an ambiguous term.
Here we generally refer to intake costs (meter rates
or pumping costs, for example), pre-treatment expense,
and effluent treatment or discharge costs, if any,
without any allocation of capital costs.

Several plant managers and corporate engineers have
stressed this point in our field interviews.
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Footnotes
Chapter I1I
Page Note
14 A These figures are a source of debate. The Bureau of Census

estimated that in 1968, establishments reporting annual water
consumption of 20-million gallons of intake water or more
accounted for about 97 percent of all water withdrawn for
manufacturing purposes, {ad about 53 percent of manufacturing
value-added. To arrive at these figures, the Census first
estimated water requirements for establishments using less
. than 20-million gallons of intake water annually. These

A estimates are based on the estimated number of establishments

! in each of several size categories and the mean intake water

"y for the particular industry and size category.. The fact that
47 percent of manufacturing -production™required orily 3 percent
of intake water could be explained by (a) water use has been

exitL5n" 1. concentrated- on .a small number of industries,'(b) industries?
bowvz & ~.‘*rcharacterized by light ‘consumpt ion 'of: ifitake water may have
0’ ..~ivhigh'rates of .water: recirculation, and:“(c): there may be dis-
waifrL v ~2. - economies .of production for large ‘establishmerits as far as
y3uflnn- i 'water input.ids concerned. " .Table A .contains an alternative
rrr +Ruget of estimates. Assuming.that ‘SIC 'four=<digit industries
444 = ¢ .are relatively- homogeneous and' display- neither. 'diseconomies

v .23 nor economies ‘of .production, we have. linearly extrapolated
. the water requirements .for the smalleér: users:‘on the basis of

value-added for each of the SIC four-digit 1ndustr1es having

£ .-+ information -available: - . VLT R F - R (43
£ UL AU § DA |
Table A Intake water, gross water, and value-added
in 1968: U.S. manufacturing
(billions of gallons or millions of dollars)

intake gross value
SIC industry water water added
Industries using 20-million gallons 15467 35701 125417

Row 1: of water or more annually

Row 2: Only those industries in Row 1 with
four-digit industry detail used for
extrapolation 15168 34944 107252
Row 3: Extrapolated totals for all four- .
- digit industries identified in Row 2 19027 43084 195662

Ratio of Row 2 to Row 3 79.7% 81.1Z 54.8%

*Value—added for all manufacturing establishments in 1968 is $237565
millions, about 45 percent of which is attributed to industries in Row 2.
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Footnotes . e

Chapter II1 . ’
Page Note

14 A (continued): The estimates in the table conflict sharply with
Census estimates. Our extrapolations indicate that these
establishments (in Row 2) using 20-million gallons of intake
water or .more annually while producing 45 percent of total
manufacturing value-added, accounted for only 80 percent of

v intake water (or 81 percent of gross water) estimated for all

- of the establishménts in the same four-digit industries (Row 2/
Row 3). Moreover. since these establishments accounted for 98
percent. of water’ withdrawn by all of the establishments using
204n¥1110n gallons of intake water or more annually (Row 2/Row 1),
this would imply that the heaviest water using establishments at
most account for: ‘about SQ:percent of water withdrawn by all manu-
facturing establishments. ‘Thie is/much lower than the 97 percent
estimate made by the Bureau of Census. g

19 A It should be pointed out to those who arb interested in resource
conservation that this reuse measure is not necessarily a good
measure of the efficiency of water resource utilization. For
example, if 100 plants lined up along a stream and each withdrew
the entire contents of the stream, passed it through its facility
only once, and discharged it for the next plant to use, each
plant would have a Reuse Factor of zero, but from a resource
conservation point of view, the water will have performed
adequately for 100 different users.

20 A The ratios also vary across water resource regions within a
given industry.
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Footnotes
Chapter III
Page Note
48 A Leone, Robert A. "Location of Manufacturing Activity in the New

York Metropolitan Area" (New York: National Bureau of Economic
Research, forthcoming).

50 A Although a chemical industry journal, this annual survey covers
both the chemical industry itself and its major customers,
including each of the specific industries studied here.

53 A Chemical Week, October 11, 1972, p. 46.
53 B Chemical Week, October 13, 1971, p. 38.
56 A For a discussion of this data set and its use in industrial

location studies, see Robert A. Leone, "The Role of Data Avail-
ability in Intrametropolitan Workplace Location Studies,"
Annals of Economic and 8ocial Measurement, National Bureau of
Economic Research, Vol., 1, No. 1, April, 1972,

56 B Bonem and Wollman, The OQutlook for Water, Resources for the
Future, Washington, D.C., 1971.

61 A Bonem and Wollman, ibid., p. 45.
64 A Robert A, Leone, "Location of Manufacturing Activity in the

New York Metropolitan Area" (New York: National Bureau of
Economic Research, forthcoming).

68 A The control group included: SIC 2200, Textile mill products
SIC 2821, Plastic materials and
synthetic resins
SIC 2822, Synthetic rubber
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Footnotes

Chapter IV

Page Note

78 A Gross water, hypothetically, is the total volume of water
that would have been required if no water had been recirculated
or reused., In practice, this can be a difficult concept to
measure. A typical approach, for example, is to calculate
gross water by dividing a circulation rate in each of several
processes (gallons per unit time) by output of each process,
and then multiplying by total output.

81 A Since not all intake water is discharged, due to consumptive
uses, q per gallon is the sum of the cost of intake water per
gallon plus a proportion (less than 1) of the cost of effluent
water per gallon.

85 A Bramer, Henry C., et al., The Economic Value of Water in
Industrial Uses, National Technical Information Service,
U.S. Department of Commerce, December 1969.

89 A The variable I is in fact equal to (Pw'GW)/(o°Q), where o is

the price of final output. It may tend to correlate positively,
although not necessarily, with the variable GW/Q. The causal
relationship between I and GW/Q may thus become ambiguous. For
example, in a behavioral model of the form, the variable I might
constitute a "management awareness' index: the higher the
proportion of total production costs that stem from water use,
the greater is management's perception of the changing cost of
water. In a traditional profit maximization model of the firm,
the variable I summarizes a whole set of management responses
to changes in all factor prices, including the price of water.
In the above model, having controlled for the price of water,
the variable I might be expected to capture the firm's response
to changes in other factor prices omitted from the equatiomns
(see Appendix IV-2, p. 99, of this study). In this latter case
the sign of the coefficient in the equation is ambiguous since
it depends on an unknown elasticity of substitution between
water and other inputs.

89 B Let W = water input, N = non-water inputs, q = Q/N, k = W/N,
and write the production function as q = f(k) in the case of
constant returns to scale. Then, it can be shown that (dI)/
(dk) = (k/f)(-£")(e-1), where f" is the second derivative of f
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B (continued) with respect to K and e the elasticity of substitution

between W and N. That is, the share of water cost increases
with k and therefore with P /P if e>1 and decreases if e<l

[pp. 48-49, 1]. (This implies that P,, P, and I have only two
degrees of freedom. However, variable I appears in (4.19)
primarily because of the possible different responses, i.e.,
non-linearity, of the firms to changes in the water cost.)

This observation need not be in conflict with our earlier observa-
tions that the application of gross water per unit output is
declining. For example, the paper industry equation indicates
that a move from an average to an advanced technology, all other
things equal, will require a 14.5 percent increase in gross water
per ton of paper. A corresponding decrease in gross water of
14.5 percent, however, is associated with a 25 percent increase
in plant size. Since newer technologies are often associated
with larger scale operations, these two offsetting phenomena

can result in an absolute decrease in the application of gross
water over time, In fact, the paper industry example illustrates
the point. Average plant output doubled between 1958 and 1968,
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Footnotes

Chapter V

Page Note

104 A Wickham Skinner and David Rogers, Manufacturing Policy
. in the Steel Industry (Homewood, I1l., Richard D. Irwin, Inc.,
1970), p. 2.

105 A Skinner and Rogers, p. 22.
106 A Skinner and Rogers, p. 25.
106 B Skinner and Rogers, p. 26,
106 c Skinner and Rogers, p. 29.
106 D Forbes, December 15, 1973, p. 8.

111 A Wickham Skinner and David Rogers, Manufacturing Policy
in the 011 Industry (Homewood, Ill., Richard D. Irwin, Inc.,
1970), pp. 24 and 85.

113 A For electrical costs, see Chemical Week, October 17, 1973, p. 46.
Chapter VI
Page Note
122 A Henry C. Bramer and Donald J. Motz, Cost Handbook for

Industrial Water Users, A Report Submitted to the Office
of Water Resources Research, United States Department of
the Interior (Pittsburgh, Pa., Cyrus Wm, Rice Division of
NUS Corporation, 1969), p. 2.

122 B Bramer and Motz, p. 2.
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APPENDIX

PERMITS FOR DISCHARGES INTO NAVIGABLE WATERS AS A POSSIBLE DATA SOURCE

A 1970 Executive order based on the 1899 River and Harbor Act requires
that each person or company which performs construction in or discharges
water into a navigable stream obtain a permit from the Army Corps of Engi-
neers. A survey was made of all persons or plants discharging into navi-
gable streams in 1971-1972, having them fill out the same forms which
would be required for permits in the future. The raw data was supplied
to the Environmental Protection Agency who had it "computerized". The
computerization process was still underway at the time that we investigated
the possible use of this information as data for analytic purposes. Only
completed data were made available for investigation and they were from the
states of: Alabama, Florida, Mississippi, South Carolina, North Carolina,
Tennessee, and Arkansas.

The permits were developed for other purposes, of course, and con-
tained a wealth of data which are not immediately useful in a study of the
industrial use of water. 1In addition, the emphasis in the permit applica-
tion, while not explicit, was clearly toward recording the discharge of
various chemicals and other pollutants, which were receiving national
interest. The accuracy of water volumes suffered.

We limited our investigatory analysis to the following terms: Standard
Industrial Classification code, source of water intake, purpose of water

intake, water discharge, treated versus untreated water, number of employees,
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principal product, and principal materials. The information we had avail-
able was a set of computer tapes produced by an "information report gener-
ator", and was the product of many steps. Consequently, some error correc-
tion had been performed but also, several mistakes had been incorporated.
The data were in two forms: 1) general plant information, and 2) specific
"pipe" information. Each plant may have one or more pipes which discharge

into a navigable stream, and a permit is required for each pipe.

PROBLEMS WITH WATER INTAKE REPORTINGS

The first step in analysis was to examine the information at plant level,
and to develop summaries while assuming that the data was correctly reported.

Table I indicates the nature of the discrepancies in some of the permit data.

TABLE I

FIRST GENERAL SUMMARY OF PERMIT DATA1

HRSRE mep?

h
Dyggﬁsrge MGD3 22%%t§§§§

Permits Plants
Alabama 719 380 7,716 19,497 2.53
Florida 503 297 14,146 13,770 .97
Mississippi 480 347 36,842 167,086 4.54
South Carolina 676 416 6,522 7,169 1.10
North Carolina 1,115 785 37,817 1,206,707 31.91
Tennessee 844 575 2,013,380 2,481,146 1.23
Arkansas 427 300 1,730,575 26,956 .01
Total 4,764 3,100 3,846,997 3,922,331 1.02

1/ Assuming all data as being correctly reported

2/ From data supﬁlied as of various sources of intake
(Sec I, Item 13 of ENG FORM 4345)

3/ From data supplied as various discharges (Sec I, Item 15, FORM 4345)
and a summation of pipe discharges (Sec II, Item 22, FORM 4345-1)
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Typically, one expects discharge/intake ratios to be near to but less than
one, and it is clear from Table I that some mistakes occurred in the coding
of this data.

Some techniques suitable for error investigation in lists of a few
dozen observations become entirely too time consuming in processing large
data files. Given our resource constraints, for example, the investigation
of each observation by visual means was impossible, but there were tech-
niques for reducing the list of observations "probably' containing errors.
One such technique is to see which plants are "outlyers" among the distri-
bution of water consuming plants.

Table II indicates the number of plants in each state which intake
half (50% or more) of the total reported intake for the state, and the num-

ber which intake 90% or more. In the case of Mississippi, North Carolina,

TABLE II

NUMBER OF PLANTS ACCOUNTING FOR 50% AND 90% OF WATER INTAKE RECORDED

corded Water Total Plant

State antake = °In state Pegggﬁgile Perggggile
Alabama 7,716 380 4 T 17
Florida 14,146 297 10 =25
Mississippi (A) 36,842 341 1 1
Mississippi (B) 1,525 340 2 =15
South Carolina 6,522 410 2

North Carolina (A) 37,817 766 1 6
North Carolina (B) 7,817 765 7 =20
Tennessee (A) 2,013,380 574 1 1
Tennessee (B) . 13,380 573 3 11
Arkansas (A) 1,730,575 291 1 1
Arkansas (B) 2,575 290 1 5

(A) Using data as originally coded
(B) Omitting a single plant with an obvious coding error
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and Arkansas special errors of magnitude were observed which were so large
that the observation could automatically be eliminated.

In both Tennessee and Arkansas plants recording almost 2,000,000 MGD
were eliminated from the list. The annual average for the Mississippi River
is about 150,000 MGD, and even the record 1927 flood recorded only 1,500,000
MGD at Vicksburg. North Carolina had one city water treatment plant indi-
cating 30,000 MGD, but since this was 10% greater than the total 27,000 MGD
for all Public Water Utilities in the United States, it was presumed to be
an error. In Mississippi it was a power and light plant which indicated
35,317 MGD intake, a number approximately half of the Mississippi River's
low flow value of 70,000 MGD.

While it is easy to identify some of the wild outlyers, and even to
correct some of them where comparisons between intake and discharge are
possible; there remains a whole range of possible mistakes that might never
be detected. For example, the data in Table III were perfectly consistent
within themselves and there is no reason to doubt their accuracy since they
fall within the range of actual conditions observable. Each plant is com-
parable to at least one other plant in the list either in "produced tons",
"employees", or "water intake", and yet there is extreme variability in the
other parameters. The least efficient user of water (top of the list) uses
about sixteen times as much water per ton as the most efficient, although
in a pulp mill the difference in requirements between 'bleached" and "un-
bleached" can account for a factor of two or threefold in water use. Even
if all processes were recorded, the remaining range of acceptable values

makes verification through the elimination of outlyers impossible.
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TABLE III

SIX DIFFERENT KRAFT PULP MILLS IN ONE SOUTH CENTRAL STATE

Water Intake Pulp Produced Employees MGD/Ton MGD/Employee

(MGD) (Tons/Day) (Approx.)

80.1 250 (?) 1,500 .319 .053
40.0 590 (Sulfate) 1,000 .067 .040
21.1 525 (Bleached) 200 .040 .095
19.5 525 (?) 1,500 .037 .013
20.8 800 (?) 400 .025 .056

4.2 200 (Unbleached) 200 .020 .021

PROBLEMS WITH PIPE DISCHARGE REPORTINGS

One of the problems in comparing water intake with water discharges is
the fact that the water discharges are highly suspect themselves. One
glaring error could have come only at the time when the values were being
changed to keypunch form. A rather consistent error resulted in reported
values of less than a single drop (actual values of 0.0004 teaspoons per
day) of discharge. The error occurred due to the use of scientific notation

and the reverse application of 106 for the conversion from gallons to mil-

lions of gallons per day. The resulting values in the neighborhood of 10-13
MGD frequently occurred. The prdblem is lack of familiarity with scientific
notation, even by scientists who frequently use 1t.1 While this particular

error did not seem to occur each time scientific notation was used, it was

correctable since its occurance was self-evident.

1 Most users of scientific notation tend to forget the physical dimensions
of the problems they are addressing. Few would realize that if we assume
the world to be 5 billion years old, there have since occurred: 1.83 x 10

days, or 4.38 x 1010hours, or 2.63 x 1012minutes or 1.58 x 1014 seconds.

9
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The basic problem here is one of indicating the correct flow rate on
the permit form. The "default option'" on the form is to record "gallons per
day", and the keypunch code is 00056. One can record "millions of gallons
per day" by indicating a code of 50050, or even "gallons per minute; by us-
ing a code of 00058. There is little or no confusion between 00056 and
00058 because the first is printed on the form and must be marked out while
the new code is written near it. What is confusing is that all other parts
of the form are standardized in "millions of gallons per day" and this one
question is standardized as 'gallons per day".

Pipe discharges were individual pieces of data relating to a plant and
were to be added together if a value for total discharge for the plant were
required. The codes for the manufacturing processes occurring in the plant
were attached to the discharge pipe data rather than the plant data, and
several different S.I.C. codes could (and did) occur at a single plant.

This meant that when one desired to pull out the plants which produced
Organic Chemicals (n.e.c.) (S.I.C. code 2818), one had to pull all dis-
charges associated with plants which had at least one discharge with an
S.I.C. code of 2818. The data retrieval system at the Environmental Protec-
tion Agency was not geared to produce lists from such secondary relation-
ships. One could obtain pipe data (including plant code) for all pipes hav-
ing code 2818, and then request all pipes for the list of plants developed
from the first list.

We were able to get around this difficulty by creating a tape file hav-
ing one variable length set of data for each pipe discharge, and having these
in sort by plant so that all of the discharges associated with a given plant
were together on the tape. All of a plant's information was then held in

core storage while it was examined.
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The pipe discharge data, in addition to having a particular S.I.C. code |
attached to it, also had the amounts of raw materials and/or end product,
and the intake water applicable to the discharge pipe. These data, 1f reli-
able, would allow the development of a crude production function for water
use in making a product, and be extremely valuable to the whole study.

The first genuinely perplexing problem faced in the pipe discharge data
came directly from the instructions for coding TREATED and UNTREATED intake
water. On the application there was a separate column for the two categories
of intake water for each discharge pipe. We mistakenly thought the total
would be the sum of the two columms. Upon comparing these values with the
discharge value it became evident that some applicants put all the water in
one column, some put the relative shares in each column, some put all the
water in one column and a fraction in the other, and some may have put all
the water into both columns. The supplied directions are more than a little
confusing, but when followed correctly three cases arise. First, some water
is treated and some is not; the sum should be listed under UNTREATED, and
the treated portion indicated under TREATED. Some applicants did this, but
many listed only the untreated fraction under UNTREATED rather than the sum.
Second, all the water may be treated, in which case it should be listed under
both columms. Finally, all the water may be untreated, in which case it
In a number of cases, all the water is listed under UNTREATED, which is in-
correct but probably means that none of the water was treated. Symmetrical-
ly, where all the water is listed only under TREATED it probably often means

that all the water was treated, though the directions indicate just the oppo-

site.
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It was our considered opinion that the question of treated and untreated
would not be resolved with this data. At about the same time, we discovered
that our reason for needing the data was beginning to disappear.

Certain patterns began to appear among the sections of data related to
"amounts of raw materials consumed or principal produce produced”. In multi-
pipe plants, one quite frequently observed the identical values on each pipe
for these categories, even though the discharge flows were considerably dif-
ferent. Some plants had simply repeated their nominal production figures on
each discharge pipe because they felt that the amounts could not be alloca-

ted among the different pipes, while others had evenly divided their nominal

production for exactly the same reason. The final results of the two methods
are generally indistinguishablel, hence the analyst does not know whether to
add up the values for all pipes or use the value from one of them.

To a certain degree, the same pattern held true for the intake water
listed on the pipe discharges. Here it was more easily detected because of
the discharge values for each pipe. If this part of the data had been ac-
curate, and the same pattern followed for intake as was followed for "raw
materials" or "product", we might have been able to untangle the data.

There was evidence that the patterns were not necessarily the same.

Finally, we had very bad luck in getting the sum of the pipe discharges
to approximate either the total intake as stated in the first section of the
application or the sum of the intakes from the pipe discharges. In an effort
to learn more about the error process, a set of data relating only to the

S.I.C. codes examined in this report were extracted.

1 We did encounted cases where even division was evident, such as plants

with 8,333 listed on each of its three pipes. Values such as 8,000 on
the same three pipes would not be clear one way or the other.
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Table IV indicates that while they are the largest consumers on a plant-by-
plant basis, they do not dominate this seven state region the way they domi-
nate the national scene. Table V indicates that either the plants of the
heavy water-using industries (with the exception of pulp and paper mills)

are smaller than the national average or are much more efficient. The sin-
gle common measure of size between this sample and the Census of Manufacturers

is employees and that measure was unreported far too often in our sample to

be an effective indicator.

There was no absolute confirmation of the accuracy of the data, but the
general feeling was that the accuracy was better. There are several reasons
why increased accuracy might be expected for this group of industries. They
are large users of water and it is an important portion of their expenses.
Frequently, and partly because they tend to be larger-than-us;al plants any-
way, there is an individual who is responsible for water use management,
aware of the relevant plant data, and familiar with government forms request-
ing data.

Still, this approach neither confirmed nor denied the value of these per-

mits as a potential source of accurate data, so a more detailed study was made.

REVIEW OF INDIVIDUAL PERMITS

The authors of this report were advised of one regional section where
the data was likely to be complete and as accurate as feasible. It was known
that an individual in this region had made an exceptional effort at validat-
ing the applications and forcing re-submittals where insufficient data had

been supplied.
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TABLE IV

WATER USE BY STATE IN 8 HEAVY WATER-USING INDUSTRIES

All other permits*

State Planfs rheske-mop ‘Vepafeplntike Peangf Iﬂ%ﬁﬁg-ncn Avg.
Alabama 30 754 25.12 309 458 1.48
Florida 13 285 21.91 201 1,369 6.81
Mississippi 7 139 19.91 281 741 2.64
South Carolina 6 46 7.73 305 512 1.68
North Carolina 13 196 15.09 526 441 0.84
Tennessee 13 220 16.96 398 1,000 2.50
Arkansas 12 104 8.67 213 204 0.95
Total 94 1,745 18.56 2,234 4,725 2.16

*Omitting two digit S.I.C. codes 09, 49, 91 and 93 and obviously miscoded
data. These include Fisheries, Electric, Gas, and Sanitary Services,
Federal and Local Gvmts. (Some 91 and 93's are governmental versions of 49.)

TABLE V

WATER USE BY S.I.C. IN 7 STATE AREA

No. of Average Intake Nationéi62verage*

Industry Plants Intake-MGD Per Plant Intake Per Plant
Pulp Mills 16 456 28.50 28.00
Paper Mills 20 693 34.65 15.37
Alkalies & Chlorine 4 23 5.75 39.90
Organic Chemicals, n.e.c. 32 319 9.97 5.46
Cellulosic fibers 1 9 9.00 32.38
Petroleum Refining 8 40 5.00 21.37

Blast Furnaces 8 196 24.50 65.57
Primary Aluminum 5 9 1.80 27.37
Total 94 1,745 18.56

*1968 census of manufacturers.
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All plants falling in the appropriate region were pulled for examina-
tion. There were exactly 50 such plants, and they were examined for a bal-
ance between intake water and discharges; number of employees; amounts of
raw materials; and amounts of product. The authors then went to the appro-
priate E.P.A. regional office and compared the computerized data with the
actual applications and their accompanying letters of explanation and confi-
dential information.

Table VI indicates that application-by-application review will reduce

the fraction of plants with-interﬁally inconsistent intake and discharge

TABLE VI
CORRECTABILITY OF INTAKE AND DISCHARGE DATA BY REVIEW OF APPLICATIONS

(Number of Plants Falling in Each Category)

CONDITION OF DATA AS KEYPUNCHED

CONDITION AFTER
REVIEW OF ORIGINAL

APPLICATIONS AND LETTERS

mained or Made Perfect

mained or Made Tolerable - 8 7 15
maining Unacceptable - - 17 17
Total 10 9 31

"Perfect" meant 0.001 MGD discrepancy or less
"Tolerable" meant 0.01 MGD or 5% discrepancy or less
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values intolerable in magnitude from two-thirds of the sample to only one-
third of the sample. The remaining one~third could presumably be cleared
up by returning to the plant making the application, but the man-power re-
quirements for such checking would be exceedingly large.

Table VII indicates the frequency of the reporting of other values

important to this study. Only presence or absence can be determined, and no

TABLE VII
CORRECTABILITY OF OTHER DATA BY REVIEW OF APPLICATION

(Number of Plants Falling in Each Category)

CONFID1 Blank CONFID1 Blank
Numerical | Keypunched Field Keypunched Field
Value Data In Data In No Data No Data
Keypunched Letter Letter | In Letter | In Letter
Employees 45 - 1 - 4
Raw Material Amt. 19 - 4 4 23
Principal Product 1 17
Amount 21 3 8
Both Raw Material 2
and Principal N.A. 2 6 - 10
Product Missing
Either Raw Materi-
al or Principal 32 N.A. N.A. N.A. N.A.
Product Present

1Plants making application were allowed to exclude certain information from
the application itself, provided they indicated it to be confidential and

included the information in an attached letter.

Keypunchers for the E.P.A.

punched CONFID in various fields supposedly in response to such requests.

We suggest that users of the data treat CONFID as a blank field.

No

additional information is gained by treating it as a special case.

2Ten plants had both values present.
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attempt at verifying the accuracy was made. There was some difficulty, pre-
viously mentioned, about determining whether plant data or data allocated to
discharge pipes was recorded in the raw-materials and principal-product data
areas. We adopted a liberal interpretation, and if we had any indication of
materials or products among the pipes reported, we said thé value was present.

The problem is somewhat complicated by the fact that plants were allowed
to exclude certain pieces of information from the application form, provided
they included the information in an attached letter and stated that it was to
be confidential. All information actually on the application is available to
the public and competitors. Also, the applicants were instructed that provid-
ing either raw materials or principal product would be sufficient. Ten plants
filled out both sides, and four more supplied both sides in confidential let-
ters, eighteen supplied at least one side as public data and two of them
filled in the other side confidentially; and sixteen omitted both sides but
six of them filled in one side confidentially. The final result is that of
the fifty plants, ten of them were able to ignore the question completely,

and fourteen of them supplied twice their requirements.

CONCLUSION

The data provided by these applications is subject to great error. Even
after obviously erroneous values have been eliminated, and the scope of in-
vestigation restricted to a few of the items from the application (intake wa-
ter, pipe discharge flows, amounts of raw materials or products, and number
of employees) it is observed that two thirds of the observations will have

serious errors or omissions. Roughly half of these errors can be corrected
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by seeking the original application while the other half originates with the

plants themselves. We can only suggest therefore that analysts make use of

this information only after extremely close scrutiny, and that it be avoided

as a data source for general analytical purposes.
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of water are also documented.
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major location determinant; rather, water for transportation may be a more
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