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PREFACE

This Corps of Engineers report describes one of three independent but
complementary studies of future freight traffic on the Ohio River basin
navigation system. Each of the studies considers existing waterborne commerce
and develops a consistent set of projections of future traffic demands for all
of the navigable waterways of the basin. Each report contains information on
past and present waterborne commerce in the basin with projections by
commodity group and origin-destination areas from 1976 to either 1990 or 2040.

The three projections, in conjunction with other analytical tools and waterway
system information, will be used to evaluate specific waterway improvements
required to meet short and long-term navigation needs. The output from these
studies will serve as input to Corps inland navigation simulation models to
help analyze the performance and requirements for improvements of the Ohio
River basin navigation system. These data will be used in current studies
relating to improvements of Gallipolis Locks, the Monongahela River, the Upper
Ohio River, the Kanawha River, the Lower Ohio River, and the Tennessee River,
as well as for other improvements.

The reports on the three studies are referred to as the 11CONSAD," the
"BATTELLE," and the "NATHAN" reports. The latter and final report was
completed in November 1980. It was prepared for the Corps of Engineers by
Robert R. Nathan Associates, Inc,, Consulting Economists, Washington D.C.
This study encompasses the period 1976-2040, and is by far the most detailed
of the three.

The "CONSAD" report, completed in January 1979, was prepared for the Corps by
the CONSAD Research Corporation of Pittsburgh, Pennsylvania. The study and
the 1976-1990 projected traffic demands discussed in that report were
developed by correlating the historic waterborne commodity flows on the Ohio
River navigation system, with various indicators of regional and national
demands for the commodities. The demand variables which appeared to best
describe the historic traffic pattern for each of the commodity groups was
selected for projection purposes. The projected values for the demand
variables are based upon the 1972 OBERS Series E Projections of National and
Regional Economic Activity. The OBERS projections serve as national standards
and were developed by the Bureau of Economic Analysis of the U.S. Department
of Commerce, in conjunction with the Economic Research Service of the
Department of Agriculture.

The "BATTELLE" report was completed in June 1979, and was prepared for the
Corps by the Battelle Columbus Laboratories, Columbus, Ohio. The study and
the 1976-1990 traffic projections discussed in that report were developed by
surveying all waterway users in the Ohio River Basin through a combined mail
survey and personal interview approach. The purpose of the survey was to
obtain an estimate from each individual shipper of his future commodity



movements, by specific origins and destinations, as well as other associated
traffic information. All identifiable waterway users were contacted and
requested to provide the survey information. In addition, personal interviews
were held with the major shippers. The responses were then aggregated to
yield projected traffic demands for the Ohio River navigation system.

The "NATHAN" report presents the findings of a commodity resource inventory, a
modal split analysis and a market demand analysis. The work included
investigation and analyses of the production, transportation, and demand
characteristics of each of the major commodities transported on the Ohio River
and its tributaries. For each of 15 commodity groups, the demand for waterway
transportation into, out of, and within the Ohio River basin was projected
through the year 2040. A detailed study analysis and discussion for each
commodity group is presented in 15 individually bound reports, supplemented by
a methodology report. A Study Summary and an Executive Summary present
appropriately abbreviated discussion and findings resulting from these
analyses. The Study Summary aggregates the commodity group totals for each of
the several projection periods and lists the total waterborne commerce for
each of the 72 operational locks and dams in the Ohio River Basin.

The "NATHAN4" report, "Projections of Demand for Waterborne Transportation,
Ohio River Basin, 1980, 1990, 2000, 2020, 2040"1 consists of the following
volumes:

Subject Title Number of volume Number
Pages

Study Summary 220 1
Methodology 118 2
Group I: Coal and Coke 134 3
Group II: Petroleum Fuels 66 4
Group III: Crude Petroleum 42 5
Group IV: Aggregates 64 6
Group V: Grains 131 7
Croup VI: Chemicals and Chemical 90 8

Fertilizers
Group VII: Ores and Minerals 61 9
Group VIII: Iron Ore, Steel and Iron 104 10
Group IX: Feed and Food Products, Nec. 44 11
Group X: Wood and Paper Products 61 12
Group XI: Petroleum Products, Nec. 38 13
Group XII: Rubber, Plastic, Nonmetallic

Mineral Products, Nec. 41 14
Group XIII: Nonferrous metals and Alloys,

Nec. 57 15
'4Group XIV: Manufactured Products Nec. 35 16

Croup XV: Others, Nec. 48 17

Additionally, an Executive Summary is available as a separate document.
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I. INTRODUCTION

Group VI, consisting of chemicals and chemical fertilizers,
accounted for significant volumes of traffic in the Ohio River
System (ORS) during the period 1969-76. Of the 15 commodity groups
analyzed in this study, chemicals and chemical fertilizers was the
fourth largest group in terms of total waterborne traffic. A large
portion of Group VI traffic was inbound shipments from outside the
System to points within the Ohio River System. More than 21 per-
cent of total inbound movements to the ORS were Group VI commodi-
ties and products during the period 1969-76.

The areas within the Ohio River Basin (ORB) for which pro-
jections of Group VI consumption, production and movements have
been made are designated as Primary Study Areas (PSAs). The PSAs
for Group VI are those U.S. Department of Commerce Bureau of Econo-
mic Analysis Areas (BEAs) aud area segments (aggregations of coun-
ties within a BEA) which are origins or destinations of Group VI
waterborne movements. Group VI PSAs are presented in Appendix Map
A-1.

In addition to the PSAs, external areas linked to the ORB

through waterborne commerce were identified. Areas (BEAs) outside
the ORB which are destinations of waterborne chemical and chemical
fertilizer movements originating in the ORB are designated as
Secondary Consumption Areas (SCAs). Areas (BEAs) outside the ORB
which are origins of Group VI waterborne movements destined to the
ORB are designated as Secondary Production Areas (SPAs).

o,.
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A. Description of Group VI

The individual commodities and products included in Group
VI are:

Waterborne
Commerce
Statistics
Code (WCSC) Product/Commodity

2810 Sodium hydroxide (caustic
soda)

2811 Crude products from coal tar,
petroleum, and natural gas,
except benzene and toluene

2812 Dyes, organic pigment, dye-
ing and tanning materials

2813 Alcohols

2816 Radioactive and associated
materials, including wastes

2817 Benzene and toluene, crude
and commercially pure

2818 Sulfuric acid

2819 Basic chemicals and basic
chemical products, not
elsewhere classified (nec.)

2821 Plastic materials, regenerated
cellulose and synthetic resins,
including film, sheeting, and
laminates

2822 Synthetic rubber

2823 Synthetic (man-made) fiber

2831 Drugs (biological products,
medicinal chemicals, botanical
products and pharmaceutical pre-
parat ions)
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2841 Soap, detergents, and cleaning

preparation; perfumes, cos-
metics and other toilet pre-
parations

2851 Paints, varnishes, lacquers,

enamels, and allied products

2861 Gum and wood chemicals

2871 Nitrogenous chemical ferti-
lizers, except mixtures

2872 Potassic chemical fertilizers,
except mixtures

2873 Phosphatic chemical fertilizers,
except mixtures

2876 Insecticides, fungicides,
pesticides and disinfectants

2879 Fertilizers and fertilizer

materials, nec.

2891 Miscellaneous chemical
products.

Table 1 presents the waterborne movements of chemicals and
chemical fertilizers, by commodity and product, for 1969 to 1976.
Significant volumes of waterborne traffic were reported for several
of these products. These products have been classified into two
categories: industrial chemicals (including miscellaneous chemical
products) and agricultural chemicals (Table 2). Other chemical
products contributed either minor or no amounts of waterborne
traffic to the ORS. Therefore, analysis and projections of Group
VI commerce were done only for industrial and agricultural chemi-
cals as categorized in Table 2.

A-1. Industrial Chemicals

For the most part, industrial chemicals are intermediate
products which are consumed by industry in the manufacture of final
or other intermediate products. This category of chemicals corre-
sponds to Standard Industrial Classification (SIC) Codes 281 (Indu-
strial Chemicals) and 289 (Miscellaneous Chemicals).
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The wide variety of industrial chemicals and the unavail-
ability of area specific production and consumption data do not
permit separate analysis for each chemical. Moreover, constant
development and change in the chemical industry requires economic
analysis at an aggregate level rather than product specific pro-
jections.- Therefore, industrial chemicals are defined to consist
of four product groups:

* Sodium hydroxide
* Sulfuric acid
* Benzene and toluene
* Other industrial chemicals.

a. Sodium Hydroxide

In 1976, sodium hydroxide (or caustic soda) was ranked sixt~
in terms of national production levels of the top 50 chemicals.
In terms of domestic waterborne commerce, sodium hydroxide ac-
counted for most of the traffic in the chemical and chemical ferti-
lizer group, excluding the broad classification, basic chemicals,
nec. In 1976, 10.5 million tons of sodium hydroxide were produced
in the United States. Almost 5.0 million tons were shipped b~
water, a volume equal to 47.6 percent of domestic production.
Most of this traffic is not on the Ohio River System but at points
near production centers along the Mlississippi River and the Gulf
Coast.

Sodium hydroxide has many end uses. It is used as a scouring
agent and in the manufacture of soap, soluble oils, chemicals and
textiles. It has many other applications as well.

This inorganic chemical is usually a by-product of chlorine
production from salt. It is shipped in solid, liquid, or bead
form.

b. Sulfuric Acid

Sulfuric acid has consistently been the top ranked chemical in
terms of production. In 1976, 34.4 million tons were produced in

1. "Facts and Figures for the Chemical Industry," Chemical and
Engineering News, 12 June 1978.
2. U.S. Army Corps of Engineers, Waterborne Commerce of the

United States, 1976 ed. (New Orleans: COE, n.d.), Vol. V.
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the United States. IThe equiva Y nt of only 7.2 percent of this
production was shipped by water. This small use of water trans-
port resulted from captive use of the chemical in the production of
other chemicals, fertilizers, and explosives. The economics of the
vertical integration of the product, as well as its corrosive
properties, have discouraged increases in the waterborne movements
of sulfuric acid.

Sulfuric acid is inorganic and is used in the cleaning and
pickling of metals, and in the manufacture of electric batteries,
fertilizers, explosives and other chemicals.

Sulfur is oxidized and reacted with steam to form the acid.
It is a highly corrosive liquid with high transportation costs.
Markets, therefore, are regional rather than national.

C. Benzene and Toluene

Benzene andi toluene were ranked 13th and 17th, respectively,
in terms of 1976 production of major chemicals. Their combined
production in 1976 was over 8,840.0 thousand tons. This excluded
production (and consumption) of the products at refineries for the
manufacture of gasoline. Approximately two-thirds of toluene
production is used for benzene production; most of this is captive
use. A large portion of benzene consumption is also captive, used
in the manufacture of other chemicals.

In 1976, over 4,741.1 thou 4and tons of benzene and toluene
moved on the Nation's waterways. A large portion of this traffic
occurred along the Mississippi River and the Gulf Coast, production
centers of the petrochemical industry. Although originally pro-
duced from coal tar, these products now are 95 percent petroleum
derivatives.

Benzene and toluene are organic chemicals and are colorless,
flammable liquids. Virtually all benzene and toluene produced as

1. "Facts and Figures for the Chemical Industry," Chemical and
Engineering _News, 12 June 1978.
2. U.S. Army Corps of Engineers, Waterborne Commerce of the

United States , 1976 ed. (New Orleans: COE , n. d. ), Vol V.
3. "Facts and Figures tor the Chemical Industry," Chemical

and Engineering News, 12 June 1978.
4. U.S. Army Corps of Engineers, Waterborne Commerce of the

United. States, 1976 ed. (New Orleans: COE, n.dT Vol . V.
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chemicals is used in the manufacture of other chemicals, such as
styrene, cyclohexane, and cumene. These chemicals, in turn, are
used in the manufacture of styrenic plastics and rubbers, other
plastics, and nylons.

d. Other Industrial Chemicals

As defined for this study, "other" industrial chemicals in-
cludes the following WCSC classifications:

WCSC Code Product/Commodity

2811 Crude products from coal tar,
petroleum, and natural gas

2813 Alcohols

2819 Basic chemicals, nec.

2891 Miscellaneous chemical
products.

This category includes thousands of chemical products includ-
ing industrial gases such as oxygen and nitrogen; inorganic acids,
such as hydrochloric and nitric acids; and petrochemicals, such as
ethylene and propylene. A complete listing of the chemicals in-
cluded in this category is provided in the Appendix.

Of the 50 major chemicals, 41 are included as "other" indus-
trial chemicals. Production of these 41 chemicals was 130.42
miiiion tons in 1976. Approximately 24.4 million tons of the
chemicals were shipped by water in 1976.2

A-2. Agricultural Chemicals

The individual products included as agricultural chemicals
are:

WCSC Code Product/Commodity

2871 Nitrogenous chemical
fertilizers, except mixtures

4

1. "Facts and Figures for the Chemical Industry," Chemical and
Engineering News, 12 June 1978.
2. U.S. Army Corps of Engineers, Waterborne Commerce of the

United States, 1976 ed. (New Orleans: COE, n.d.), Vol V.
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2872 Potassic chemical ferti-
lizers, except mixtures

2873 Phosphatic chemical ferti-
lizers, except mixtures

2879 Fertilizers and fertilizer
materials, nec.

These four products are major components of fertilizer pro-
ducts. Most fertilizer, when applied to cropland, provides three
basic nutrients to the soil: nitrogen, potash, and phosphate.
Movements of intermediate fertilizer materials are shipments of
products providing one basic nutrient or a combination of two or
three of these nutrients.

In 1976, these four products accounted for 10.7 percent of
total Group VI waterborne commerce (Table 2). Nitrogenous ferti-
lizers and fertilizer materials, nec. , are the two principal pro-
ducts in agricultural chemicals. They account for almost 95 per-
cent of the waterborne movements of this category.

a. NitrqgenousFertilizer Materials

Nitrogenous fertilizers include urea, ammonium nitrate, am-
monium sulfate and other nitrogenous materials. Miost of these
products are derivatives of ammonia. Approximately 75 percent of
ammonia production is used in the manufacture of nitrogenous ferti-
lizers.

Over three million tons1 of this material were shipped on the
domestic waterways in 1976. Much of this commerce originated on
the lower Mississippi River, where many nitrogen producers are
located. Most of this material was urea. Ammonium nitrate, an
explosive material, has restricted water transportation; but urea,
usually a solid, pelleted material, can he inexpensively stored and
moved.

b. Potassic Chemicals Fertilizers

Potassic chemicals include muriate of potash, potassium muri-
ate, potassium sulfate, sulfate of potash magnesia, and vegetable
potash. These materials can move by any mode of transportation.

1. U.S. Army Corps of Engineers, Waterborne Commerce of the
United States, 1976 ed. (New Orleans: COE, nd.,Vl.
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Potash is mined in Canada and in the western United States. As

such there is no water system which encourages significant use of

water for transport of potash. In 1976, domestic waterbIrne com-

merce of potassic chemicals totalled 376.8 thousand tons, most of

which were coastwise shipments.

c. Phosphatic Chemical Fertilizers

Included in phosphatic chemicals are superphosphates and other
phosphate materials. Superphosphates are made by treating phos-
phate rock with sulfuric acid or nitric acid. Phosphate rock is

mined in several southeastern states, principally in Florida. In
1976, domestic waterborne 2commerce of phosphatic fertilizers

totalled 452.1 thousand tons.

d. Fertilizers and Fertilizer
Materials, Nec.

Fertilizer and fertilizer materials include diammonium phos-
phate (DAP), ammonimum phosphates, other mixed chemical ferti-
lizers, and natural animal or vegetable fertilizers. Many of these
are produced at the primary nutrient production site and are con-
venient to water transportation. In 1976, 2,767.03 thousand tons of

these materials were shipped on domestic waterways.

B. Existing Waterway Traffic Flows

As illustrated in Table 3,' chemicals and chemical fertilizers
contribute a substantial portion of waterborne traffic in the ORS.
In 1976, Group VI accounted for 5.7 percent of total ORS traffic,
the bulk of which was inbound movement. Of the 15 commodity groups
analyzed in this study, the inbound shipments for Group VI were
second in volume only to Group II, petroleum fuels.

During the period 1969-76, gross waterborne movements of Groun

VI products were stable. They ranged from 9.4 to 11.6 million tons
(Table 1). Over the eight year period, local and outbound move-
ments decreased slightly while inbound movements increased.

B-i. BEA-to-BEA Traffic 
Flows

)

During the 1969-76 period, the inbound shipments of Group VI
products, consisting of traffic from a port equivalent (PE)

1. U.S. Army Corps of Engineers, Waterborne Commerce of the
United States, 1976 ed. (New Orleans: COE, n.d.), Part V.
2. Ibid.
3. Ibid.

t1
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Table 3. Ohio River System: Waterborne Shipments of
All Commodities and of Chemicals and Chemical

Fertilizers, 1976

(Thousands of tons unless otherwise specified)

Total Inbound Outbound Local

All commodities 200,770.5 29,439.5 26,854.0 144,477.0

Chemicals and
chemical
fertilizers 11,364.0 6,2353.8 894.6 4,115.6

As a percentage of
all commodities 5.7 21.6 3.3 2.8

Source: Waterborne Commerce by Port Equivalents, revised
1976, supplied by U.S. Army Corps of Engineers.
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outside the Ohio River System to a PE within the ORS increased at
an average annual rate of 6.7 percent. This accounted for almost
56 percent of total Group VI movements in 1976.

BEA-to-BEA waterborne flows of chemicals and chemical ferti-
lizers in 1976 are detailed in Table 4. The major BEAs outside the
ORS hinterland supplying the PSAs are BEAs 138 (New Orleans) and
141 (Houston). Together, these BEAs accounted for almost 79 per-
cent of the inbound movements of Group VI.

New Orleans shipments originated from points along the Missis-
sippi River between the mouth of the river and Baton Rouge, and
from the Gulf Intercoastal Waterway. The major products shipped
were basic chemicals, nitrogenous fertilizers, fertilizer ma-
terials, nec., alcohols and sodium hydroxide. The majority of BEA
141 (Houston) shipments were from points along the Houston Ship
Channel. The major chemicals shipped were basic chemicals,
alcohols, benzene and toluene. Both BEA 138 and BEA 41 shipped to
points throughout the ORS hinterland.

The three major shipping PSAs, which were also Leading chemi-
cal producers, were BEAs 52 (Huntington), 64 (Columbus, and 66
(Pittsburgh). These BEAs accounted for over 80 percent of the
shipments originating in the ORS (Table 4). Most of the shipments
from BEA 52 were shipped from points along the Kanawha River. The
products included basic chemicals, sodium hydroxide, miscellaneous
chemicals and alcohols. Almost all of the shipments from BEA 64
were basic chemicals shipped from the Willow island Pool area. The
majority of these shipments were received in BEA 52. Most ship-
ments from BEA 66 were from the upper Ohio and Monongahela Rivers.
These shipments included crude products manufactured from coal tar,
petroleum and natural gas, sulfuric acid, basic chemicals, benzene
and tolluene. BEAs 52, 64 and 66 supplied BEAs throughout the ORS
hinterland and had few or no shipments to points outside the ORS.

Other major shipping PSAs were BEAs 47 (Huntsville) and 115
(Paducah), with shipments of 255.4L thousand tons and 408.7 thousand
tons, respectively (Table 4). Huntsville shipped basic chemicals
and fertilizer to PEs throughout the ORS. BEA 115 (Paducah) ship-
ments were mostly sodium hydroxide movements which originated near
the mouth of the Tennessee River. Over one half of these shipments
were sent to BEAs located along the Mississippi and Illinois
Rivers.

Jl
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The major receiver of chemicals was BEA 52 (Huntington). It
received 4,136.2 thousand tons of chemicals, mostly industrial
chemicals, and chemical fertilizers in 1976 (Table 4). Sodium
hydroxide shipments to plants along the Kanawha River accounted for
about 8 percent of the BEA's receipts. Benzene and toluene were
shipped to several PEs along the Ohio and Kanawha Rivers and ac-
counted for only about 10 percent of BEA 52's receipts. The re-
mainder of the receipts was other industrial chemicals, namely
basic chemicals, alcohols and crude, products from coal tar, petro-
leum and natural gas.

BEA 52 (Huntington) received 3,012.0 thousand tons, over 72
percent of its receipts, from BEAs within the ORS. BEA 64 (Columi-
bus) supplied the largest single BEA-to-BEA movement in 1976
(1,802.0 thousand tons) to BEA 52. Because of the large number of
chemical plants in or near BEA 52 which produce and consume com-
plementary industrial chemic is, the BEA is not dependent on sup-
pliers from outside the ORS hinterland. In fact, only 28 percent
of BEA 52's receipts where shipped from points outside the ORS.
BEA 138 (New Orleans) and 141 (Houston) were the major outside
suppliers.

On average, BEAs within the ORB provided 40 percent of the
receipts of each PSA. In 1976, BEA 66 (Pittsburgh) received
1,454.8 thousand tons of Group VI products. This was almost 13
percent of all ORS receipts, and about 23 percent of those receipts
was intra-BEA; that is, shipped from and to PEs in the BEA.
Another 9 percent was shipped from other PSAs. Shipments f rom
outside the ORS, however, accounted for the remaining 68 percent of
BEA 66's receipts. Over 30 percent of BEA 66's receipts was
benzene and toluene, most of which originated along the Gulf Coast.
In the PSAs, there are only two major producers of these pro-
ducts -- Ashland Oil and U.S. Steel.

BEA 62 (Cincinnati) received 1.3 million tons of chemicals in
1976. Almost 83 percent originated outside the ORB. BEA 138 (New
Orleans) shipped 589.6 thousand tons and BEA 141 (Houston) shipped
292.8 thousand tons to BEA 62 (Table 4). The majority of these
shipments was comprised of agricultural chemicals.

BEA 47 (Huntsville) was another major receiving PSA. Almost
91 percent of its receipts was from outside the ORS. Over 800
thousand tons originated in BEA 141 (Houston) (Table 4). This link
was the second largest single BEA-to-BEA movement in 1976 and was
comprised mostly of petrochemicals shipped to a chemical facility
on the Tennessee River.



B-2. Highlights of Waterborne
Commerce

Most ORS waterborne movements of Group VI products originated
outside the System. These products included petrochemicals and
other industrial chemicals manufactured along the lower Mississippi
River and on the Gulf Coast. The bulk of the shipments was to
chemical plants located in BEAs 52 (Huntington), 66 (Pittsburgh),
62 (Cincinnati), 47 (Huntsville) and 55 (Evansville).

Since most waterborne shipments of chemicals were from water-
side producing plants to waterside consuming plants, few intermodal
transfers occurred. The exception was agricultural chemicals which
were usually shipped to distribution centers. From these distribu-
tion points, fertilizers were trucked to fertilizer mixing or
blending plants, or to ultimate consumers who received the chemical
fertilizers in a form ready for direct application to the soil

C. Summary of Study Findings

During the period 1969-76, consumption of industrial and
agricultural chemicals in the PSAs increased an average of 8.5
percent per year, from 8.7 million tons in 1969 to 15.3 million
tons in 1976. Through the year 2000, consumption of industrial and
agricultural chemicais is projected to increase at an average
annual rate of 3.2 percent. During the period 2000-2040, con-
sumption is projected to increase at an average annual rate of 2.1
percent.

Production of industrial and agricultural chemicals in the
PSAs increased from 7.9 million tons in 1969 to 9.9 million tons in
1976, an average annual increase of 3.3 percent. Between 1974-76
and 2000, production is expected to increase at the slightly higher
rate of 3.7 percent. During the 2000-2040 period, production in
the PSAs is projected to increase at an average annual rate of 2.2
percent.

Gross waterborne shipments are projected to increase from 11.4
million tons in 1976 to 17.7 million tons by 2000, an average
annual increase of 2.6 percent. From 2000 to 2040, the average
annual increase is projected to be 1.6 percent.



II. MARKET DEMAND ANALYSIS

During the period 1969-76, consumption of industrial and
agricultural chemicals in the PSAs increased an average of 8.4
percent per year, from 8.7 million tons in 1969 to 15.3 million
tons in 1976. In 1976, 88 percent of this consumption was in-
dustrial consumption, primarily by the chemical industry in the
production of other chemicals. Through the year 2000, consumption
of industrial and agricultural chemicals is projected to increase
at an average annual rate of 3.2 percent. During the period 2000-
2040, consumption is projected to increase at an average annual
rate of 2.1 percent.

A. Market Areas

In addition to local demand for Group VI commodities produced
in the PSAs, demand also is generated by Secondary Consumption
Areas (SCAs) located outside the ORB. These SCAs are defined as
BEAs which are the destinations of waterborne chemical and chemical
fertilizer movements originating in the Ohio River Basin.

A-i. Primary Study
Areas (PSAs)

This study has identified 12 BEAs and BEA segments which have
been or will be future origins or destinations for Group VI water-
borne movements. Appendix Table A-1 and Map A-i present the BEAs
and BEA segments which constitute the PSAs for chemicals and chemi-
cal fertilizers for which the consumption of these products has
been analyzed and projected.

Over 20 percent of total PSA consumption occurred in BEA 66
(Pittsburgh) during the period 1969-76. The primary metal product
and chemical product industries accounted for m( ;t of this con-
sumption in BEA 66.
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Other major consuming PSAs were BEAs 52 (Huntington) and 62
(Cincinnati). In these BEAs, most consumption of chemicals was
accounted for by the chemical industry, which used substantial
amounts of industrial high-volume chemicals in the production of
other chemicals.

Over 35 percent of the consumption of agricultural chemicals
occurred in BEA 55 (Evansville), which includes farming areas of
Kentucky, Illinois and Indiana. Other BEAs with large volumes of
agricultural chemical consumption were BEAs 49 (Nashville), 54
(Louisville), 62 (Cincinnati) and 115 (Paducah).

A-2. Secondary Consumption
Areas (SCAs)

As mentioned earlier, the outbound shipments of Group VI
products are insignificant, relative to total traffic Outbound
shipments totalled 894.6 thousand tons in 1976 Much of this
tonnage was transported in small quantities to BEAs on the Illinois
and Mississippi Rivers.

The largest SCA for waterborne ORS chemicals was BEA 77
(Chicago). It received 321.1 thousand tons in 1976. Of this
traffic, 107.9 thousand tons were sodium hydroxide, most of which
was shipped from Calvert City, Kentucky in BEA 115 (Paducah) where
several chemical companies have sodium hydroxide plants. Most of
the other receipts in BEA 77 were basic chemicals (WCSC 2819).

BEA 141 (Houston) received 117.5 thousand tons of chemicals
from the ORS in 1976. These were mostly industrial chemicals,
shipped from BEAs 47 (Huntsville) and 52 (Huntington).

BEA 46 (Memphis) was the only other SCA which received over
100.0 thousand tons of waterborne chemicals from the ORS. BEA 46
received 123.2 thousand tons in 1976 which were shipped from BEAs
47 (Huntsville), 52 (Huntington), 54 (Louisville), 66 (Pittsburgh)
and 115 (Paducah).

BEA 39 (Pensacola) is the most distant SCA from the ORS hinter-
land. However, shipments to BEA 39 are minor. In 1976, only 2.1
thousand tons of petrochemicals were received, from BEA 52 (Hunt-
ington) , in BEA 39.

B. Commodity Uses

The chemicals analyzed were industrial and agricultural chemi-

cals. The broad classification, chemicals, does include products
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such as drugs, soaps, paints and solvents, and plastics. Although
these are major categories in terms of dollar value of shipments,
they are insignificant products with respect to waterway traffic.
This is due to the volumes and distribution networks associated
with them. Waterborne traffic is generated almost entirely by
high-volume bulk chemical products, sometimes referred to as
"commodity chemicals." These commodity chemicals are used pri-
marily as feedstocks in the manufacture of other chemicals which,
in turn, are used in the manufacturing and agricultural sectors of
the economy.

B-i. Industrial Chemicals

The major uses of industrial chemicals are as inputs for the
manufacture of other chemicals, primary metals, textiles, petroleum
products, and paper and pulp products. Many industrial chemicals
are large tonnage bulk commodities used as "building blocks" in the
manufacture of other chemicals and chemical products.

Approximately 50 percent of domestic sodium hydroxide pro-
duction is used in the chemical industry, mostly in the production
of organic chemicals. The pulp and paper industry consumes 15
percent, and the aluminum industry consumes 10 percent of sodium
hydroxide production.

The major use for sulfuric acid is the production of phos-
phoric acid fertilizers, which accounts for approximately 60 per-
cent of sulfuric acid consumption. Over 20 percent of consumption
is accounted for by other chemicals, such as titanium dioxide.
Other uses include petroleum refining and steel production. The
major consumer of sulfuric acid is manufacturing. Approximately 65
percezyt of domestic production is consumed at the site of produc-
tion.

Benzene and toluene are used in the manufacture of chemicals
and gasoline. However, only benzene and toluene used as chemicals
are included in chemical statistics. Two-thirds of toluene is
captive production and is used as an input to the manufacture of
benzene. Benzene is converted into styrene (through ethylbenzene),

1. U.S. Department of Commerce, Bureau of the Census, Current
Industrial Reports: Sulfuric Acid, 1977 ed. (Washington, D.C.:
Bureau of the Census, 197Q).



-22-

cyclohexane, and cumene. The major end uses of these chemicals are
plastics, rubber and nylons.

Other industrial chemicals include inorganic and organic
chemicals, such as petrochemicals. These products are used to
manufacture other chemicals or are already end-use chemical pro-
ducts supplying various industries. An example of this chain of
derived demand is provided in Table 5. It shows industries which
are dependent on petrochemicals and some of the products mnanu-
factured with petrochemical products.

B-2. Agricultural Chemicals

Agricultural chemicals can be classified into two categories:
intermediate fertilizer products and agricultural end-products.
Intermediate products are used by the chemical industry in the
manufacture of fertilizers. The end-products are processed and
suitable for application to crops as fertilizer.

a. Intermediate chemical products

The major end use of agricultural chemicals is as crop ferti-
lizer. The three basic plant nutrients, nitrogen, phosphate and
potash, are agricultural end products and are derived from various
intermediate product sources.

The basic fertilizer materials industry is interrelated, as
derivative products become feedstocks for the production of other
chemical fertilizers. Of the three major plant nutrients, nitro-
genous and phosphatic fertilizers are manufactured materials.
Potash is mined. Anhydrous ammonia, a nitrogenous material, can be
used as a fertilizer itself or can be used to make other fertilizer
materials. Anhydrous ammonia, most of which is derived from na-
tural gas, is used directly in the production of nitric acid,
ammoniumn nitrate, urea, nitrogen solutions, synthetic ammonium
sulfate, and ammonium phosphates (Figure 1). Nitric acid is com-
bined with ammonia to produce ammonium nitrate. Ammonium nitrate,
urea, and anhydrous ammonia are used in various proportions to
produce nitrogen solutions.

Phosphate rock derivatives include phosphoric acid and the
superphosphates. Phosphoric acid is combined with anydrous ammonia
to produce ammonium phosphates and with phosphate rock for concen-
trated superphosphate.
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Figure 1. Linkages Between Basic Nitrogen and
Phosphorous Materials and Their Derivatives
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Source: U.S. Department of Agriculture, Economic Research Service,
The Changing U.S. Fertilizer Industry, August 1977.

Although ammonia, urea and ammonium nitrate are considered
fertilizer materials, fairly large quantities are also used for
nonfertilizer applications. Between 20 and 25 percent of ammonia
is used to make chemical intermediates such as those needed for
fibers, plastics and explosives. Other ammonia end uses include
various ethanolamines used in treating natural gas to remove un-
wanted constituents, such as carbon dioxide and hydrogen sulfide,
and as a refrigerant in industrial cooling facilities.

Nonfertilizer uses of urea account for about 25 percent of
production. Of urea's nonfertilizer uses, animal feed ranks first.
Urea's use as a protein-building material in cattle places it in
competition with other protein sources, such as soybean meal, and
subjects it to the same swings in consumer demand and weather as
crops. Urea also is used in the construction industry as an ad-
hesive and as a decorative item. This market experiences strong
competition from other materials. Smaller, nonagricultural uses
include ureaformaldehyde resins plus other resins containing mon-
omers, such as glyoxal which is applied to paper, textiles, and
wood furniture.

.4



Ammonium nitrate is an explosive commonly used in the mining
industry. It has largely replaced dynamite. The nonfertilizer and
nonexplosive uses of nitric acid, ammonium nitrate's primary feed-
stock, are many, varied and small relative to the total use.
Examples are engraving, the pickling of stainless steels, the
manufacturing and reprocessing of nuclear fuels, and the manu-
facturers of a large number of inorganic and organic chemicals sold
in small quantities.

With the market domination by the agricultural sector, overall
prospects for agricultural chemicals are little influenced by other
uses. Nonfertilizer uses of agricultural chemicals are mature.
They have tepid growth rates which are unlikeiy to have significant
impacts on total agr~cultural chemical demand.

b. A$ricultural end products

As indicated earlier, the major end use of agricultural chemi-
cals is as crop fertilizer, and there are three basic plant nutri-
ents. Chemical fertilizers are applied to soils to prcvide nu-
trient levels necessary to support the high crop yields essential
for profitable crop production.

Because different crops and soils require different quantities
and blends of nutrients, fertilizer use varies according to crop
and soil characteristics. Nitrogen is the major nutrient used for
corn and wheat; potash is the major nutrient used for soybeans.

For the past decade, more fertilizer has been applied to corn
than to any other crop. An estimated 88 percent of corn acres
which were harvested for grain in 1965 received nitrogenous (N)
fertilizer; 82 percent received phosphatic (P0 5 ) fertilizer; and,
77 percent, potassic (K2 0) fertilizer. By 1977, these percentages
had grown to 96, 88, and 82, respectively. The rate of primary
nutrient application per acre of corn which was fertilized also
increased dramatically in the period 1964-77. The corn that was
fertilized in 1965 received an average of about 75, 50 and 48
pounds per acre of N, P O, and K20, respectively. By 1977, these
rates had increased to 'l28, 68 and 82. Future increases in the
pounds of N, P20., and K 0 which are applied to corn are expected
to be significar.ly smalier than in the past. This is because the
large percentages of corn have already been treated, and because
fertilizer application rates are reaching saturation levels.
Further farmer introduction to, and education regarding fertilizer
will result in more economic applications of fertilizers.

',



-26-

Wheat, the second major grain crop of the United States in
terms of acreage and total amounts of fertilizer used, accounts for

less than one-fourth as much fertilizer as is used for corn.
Soybeans are the least fertilized major grain crop, with approxi-
mately one-third of soybeans harvested receiving P205 or K20, and
less than one-fourth receiving nitrogen. Growth in pounds of N,
P 0, and K20 applied to wheat will occur as a growing percentage
oi planted acres are fertilized. Growth in application to soybeans
will also result as more acres are planted.

C. Consumption Characteristics

The major consumption characteristics of Group VI products may
be divided into three broad categories: economic, technological,
and institutional characteristics. The discussion which follows
analyzes how each of these sets of characteristics impacts on the
consumption of industrial and agricultural chemicals.

C-I. Industrial Chemicals

Chemicals are used in virtually every industry. As industries
develop, new chemical products are found, distribut on patterns are
altered and other chemical products are replaced. However, a
distinction can be made between high-volume bulk chemical com-
modities and specialty chemicals. The demand for chemical com-
modities reflects the economic condition of the nation. As stated
at a symposium sponsored by the American Chemical Society, "These
(inorganic and heavy chemicals) are basic building blocks for the
whole chemical and processing industrics, ai:d the growth curves for

the consumpti 1oU of these products reflect the economic health of
our country.

a. Economic characteristics

The demand for industrial chemicals is derived from the demand
for the products of the industries which consume the chemicals.
For example, the demand for chlorine and sodium hydroxide declined
in 1975 as a result cf downturns in the construction, automotive
and aluminum industries. The major consuming industry is the
chemical industry, whose growth has beer, impeded by inflationary

pressures, environmental regulations, and reduction in capital

pexpenditures which may lead to supply shortages.

I. W.F. Newton, "Inorganic and Heavy Chemicals," Chemical

Marketing: The_Challenge of the Seventies (Washington, D.C.:
American Chemical Society, 196 8), p. 1.



The chemical industry is the major industrial user of energy.
In 1974, the industry accounted for 22 percent of total manufactur-
ing consumption of energy (excluding petrochemical feedstocks).
Feedstocks such as petroleum products and natural gas are consumed
in substantial amounts which exceed the chemical industry's basic
energy requirements. This has led to substantial increases in the
cost of production and the price of chemicals to industry. Al-
though there has been some attempt to find alternatives to chemical
products tied to energy sources, industry will most likely continue
to rely on existing products but at lower levels of consumption.
These energy dependent chemicals are used in the manufacture of
high value products; their producers can pass these costs to the
ultimate consumer. Although there will be short-run shortages in
feedstocks, the chemical industry should, he able to compete suc-
cessfully for energy.

Another factor impacting on price is government regulation.
It has been estimated that the costs of meeting Occupational Safety
and Health Administration (OSH'A) regulations will account for 1
percent of annual production costs in the chemical industry.
Pollution abatement regulations, relating to clean air, clean water
and solid waste disposal, have and will continue to add costs to
the industry. Capital expenditures for pollution abatement cur-
rently represent 10 percent of total capital expenditures by the
chemical indu.§try. This compares with a 5.5 percent average for
all industry.' Although there has been some government recognition
of the ne.gat've mpact that these regulations could have on the
chemical industry, and those industries dependent on chemicals,
substanttal amounts of capita, wit, still be required to meet
gcvernNent standards in the futurc.

During the period 196' -76, wholesale prices of industrial
chemicals increased at an iverage ainueil rate of 1.8 percent,
versus 8.0 percent for all commodities. This price increase did
not serious-y impede growth in the chemical industry.

1. U.S. Department of Commerce, Industry and Trade Admini-
stration, U.S. Industrial Outlook, 1979 ed. (Washington, D.C.:
GPO, 1979), P. 126 .

2. Ibid.
3. U.S. Department of Labor, Bureau of Labor Statistics, Hand-

hook of l.ahor Statistics, 1977 ed. (Washington, D.C.: GPO, 1977).
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b. Technological characteristics

The chemical industry is characterized by a high rate of
technological innovation. A substantial portion of chemical sales
can be attributed to products which have been developed within the
past 20 years. The development of many of these products has
resulted in the obsolescence of other chemicals. However, since
these chemicals usually remain the raw materials used in the pro-
duction of new specialty chemicals, innovation has not impaired the
consumption of basic industrial chemicals. Across all industries,
as estimated by the U.S. Department of Commerce, technological
innovation contriuted 45 percent of the Nation's economic growth
from 1929 to 1969.

In addition to new product developments, research in the
cl emical industry has developed new uses for existing products;
thus, it has expanded the market for chemicals. A prime example of
this is nylon.

A major concern to the chemical industry is the cost of re-
search and development to meet environmental controls. in 1976,
approximately 5 percent of the chemical industry's expenditures on
research and deyelopment was spent on projects relating to pollu-
tion abatement. These expenditures are diverted from product
development and may slow the rate of growth in the chemical indus-
try.

c. Institutional characteristics

Government regulations have had a direct impact on the con-
sumption of certain chemical products. Such regulations include
proposals to limit the sale of phosphate-based detergent in the
Great Lakes area, the Toxic Substances Control Act of 1976 (which
may eliminate use of potential carcinogens such as benzene), bans
and possible bans of a number of chlorinated chemicals, and En-
vironmental Protection Agency (FDA) actions to curtail the use of
flurocarbons for propellant purpt.,es.

1 . "Vanishing Innovation," Bus iness Week, 3 July 1978.
2. U.S. Department of Commerce, Industry and Trade Admini-

stration, U.S. industrial Outlook, 1979 ed. (Washington, D.C.:
GPO, 1979), and "Vanishing Innovation," Business Week, 3 July
1979.

3. P.L. No. 94-469, 15 U.S. Code 2601, October 11, 1976. For
further discussion see Section III B-3 of this report.



C-2. Agricultural Chemicals

In terms of absolute amounts, and relative to production of
agricultural products, the consumption of agricultural chemicals
has expanded during the last decade. This has occurred in response
to export demand and in response to the relationship between ferti-
lizer costs and crop yields, relative to fertilizer application
rates, and the prices for agricultural products.

Projections of the demand for agricultural chemicals require
an analysis of the major characteristics influencing demand. These
characteristics are discussed below.

a. Economic characteristics

Primary plant nutrients can be applied to the soil through
direct application or in mixed, or diluted, form. Since producers
have become input oriented, transportation costs have had a greater
impact on the prices farmers are willing to pay for fertilizer. As
a result, increasing amounts of nitrogen fertilizer are being
consumed as direct appli-cation materials. Farmers have shifted
their preferences from 'he lower analysis (less nutrient content
per unit of material) fertilizers, such as ammonium nitrate, to
high analysis (low cost per unit nutrient products), such as
nitrogen solutions. However, as natural gas feedstock costs in-
crease, increases will occur in the production costs of nitrogen
and in costs to consumers.

Industry changes are based on changes in demand for the pro-
duct. Short-run, cyclical supply-demand imbalances are frequent.
When supply exceeds demand, plants close. Record application rates
and increases in acres planted have resulted in an expansion of
domestic fertilizer production. Rising imports have also increased
fertilizer supply. These supply increases, coupled with railcar
shortages and dampened demand, have resulted in a weakening of
prices.

Fertilizer demand is becoming more responsive to export demand
and farmer net income. The 1970s saw substantial change in the
overall demand picture as average annual increases in demand
dropped substantially, relative to the 1960s. The underlying long-
term growth rate is no longer strong enough to override short-run
depressants such as weather, changing governmental policies, and
fertilizer-crop and fertilizer-income price ratios. Farmers have,



in the recent past, responded to unfavorable agricultural com-
modity-fertilizer price relationships by reducing fertilizer pur-
chases by 10 percent. Should farmers become more responsive to
declining exports by reducing plantings, the rate of growth in
fertilizer use would slow.

b. Technological characteristics

The technological issues regarding chemical fertilizer con-
sumption center around storage design, handling, transport, and
application. Work is being done in the field to reduce fertilizer
loss from soil surfaces. innovations in containerization, and the
reduction of costs and losses in transloading, are effecting the
bulk movement of fertilizers. More efficient and less labor inten-
sive means of removing solids from storage are lowering handling
costs. Storage design innovations oriented toward the utilization
of a larger percentage of building volume are being adopted.

The most dramatic change in fertilizer application technology
is the high flotation, high capacity applicator for fluid and
granular fertilizers. It can apply 300 to 700 pounds per acre at a
rate of one acre per minute.

c. Institutional characteristics

The principal marketing pattern ol the 50 million tons of
fertilizer distributed annually in the United States consists of 90
primary nutrient producers which distribute chemical fertilizer to
about 100 granulatio plants, 5,000 bulk blenders and 1,700 liquid
and suspension mix plants. Blending services are not mutually
exclusive, and any one blender may provide all three services.
These intermediate processors distribue about 90 percent of the 50
million tons to 12,000 retail distributors who provide fertilizer
to farmers. in addition, these retail distributors offer such
services as spreader rental, soil testing, custom blending of
pesticides, and micronutrients and seeds with mixtures.

Bulk blending is the largest single system of manufacturing
and distributing fertilizer mixtures. It accounts for almost half
of the total market for al- fertiiizers sold to farmers. Because
of its simplicity, economy, and capability in providing farmers
with desired services, this method of blending and distribution has
grown rapidly. Bulk blending does not change the chemical nature
of the ingredients. Materials which are most commonly used for
bulk blending are ammonium nitrate, urea, ammonium sulfate,



-31-

diammonium phosphate, granular triple superphosphate, and
potassium chloride. By combining several products, bulk blending
permits all three primary nutrients to be applied at one time. The
typical bulk blender is small. It will produce and market only
2,000 to 6,000 tons a year within a 10 mile market radius.

Liquid and suspension mix plants sell an average of 1,000 to
2,000 tons of fertilizer per year. A base solution ot 10-34-0, is
produced by neutralizing nitrogenous solutions and potassium
chloride in water. Fluid fertilizers provide two advantages: ease
in incorporating additives and ease in securing mixture
homogeneity.

Granulation plants require large capital investments and
production levels. They sell between 50,000 and 100,000 tons of
fertilizer per year. The conventional chemically mixed fertilizer
granulation plant uses ammonia, nitrogen solutions, and ammonium
sulfate as its principal nitrogen sources; it uses phosphoric acid
and the superphosphates as its principal phosphatic (P205 ) sources.
Granulation plants supply materials to bulk blenders.

The distribution systems of the bulk blender and the liquid
and suspension mixer provide an economical way of combining the
intermediate fertilizer materials which are produced at widely
divergent production points. They provide market area storage
facilities and dealer-farmer distribution links.

The three blender/distributor types can have cooperative,
independent, producer-owned, or frainchised forms of business.

The fertilizer distribution and marketing pattern applies in
all regards to the area served by the Ohio River System. The
distribution of the three blender/distributor types across the
states which contain areas in the PSAs is presented in Table 6.

Government regulation impacts upon chemical fertilizer con-
sumption in two ways. Government acreage restrictions, in terms of
set-aside programs, have traditionally had limited short-run
effects on total fertilizer consumption. Given tht underlying
rapid growth in application rates, acres planted, and percentage of
planted acres fertilized, such acreage limitations are scarcely
felt. These elements of demand have overriden the reductions in
us, which otherwise would have resulted from restrictions.
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Table 6. Ohio River Basin: Number of Fertilizer
Plants by Type and State

Liquid and

Bulk Granulation suspension

Primary Study Areas a 190 Li89

Alabama 0 1 6
Illinois 15 0 19
Indiana 32 2 .17
Kentucky 110 4 34
Maryland 2 0 0
Ohio 17 0 10
Pennsylvania 5 1 0
Tennessee 6 3 3
West Virginia 3 0 0

a. State data is the sum of plants located in Primary
Study Areas only and not the total for each plant type for an
entire state.
Source: Tennessee Valley Authority, National Fertilizer

Development Center, Directory of Fertilizer Plants in the
United States -1976, Bulletin Y-114, June 1977.



There are envi ronmental problems related to the storage,
handling, shipment and application of chemical fertilizer. Liquids
require storage safeguards that provide adequate diked enclosures
which are, in the event of a massive rupture or spill, capable of
containing tile entire contents of tanks. Solid material storage
and handling requires fugitive dust control. The shipment of
fertilizer intermediates requires safeguards against massive leak-
ages. Regulatory agencies now require two-shelled (double
bottomed) barges in the movement of liquid fertilizer materials.
In the application of fertilizer, tile main concern is the preven-
tion of surface-applied material from washing into streams, and of
soluble nutrients leaching out into ground water or streams.

d. Climatic characteristics

In the short run, abnormal weather may bring about un-

expectedly large changes in total fertilizer use. Unfavorable
spring weather can delay fertilizer application and, under some
conditions, can cause farmers to choose to plant soybeans rather
than corn. Fertilizer consumption would, thereby, be reduced.

D. Existing AgegRre te Demands

During the period 1969-76, domestic consumption of the major
industrial and agricultural chemicals increased from 192.1 million
tons to 1232.2 million tons, an average annual increase of 2.7
percent. Consumption of agricultural chemicals increased at an
average annual rate of 3.4 percent, while industrial chemical
consumption grew at a less rapid average annual rate of 2.6 per-
cent. In 1976, consumption of major industrial chemicals and
agricultural chemicals totalled 183.1 million tons and 49.1 million
tons, respectively.

In the PSAs, total consumption of industrial and agricultural
chemicals increased from 8,672.1 thousand tons in 1969 to 15,263.2
thousand tons in 1976, an average annual increase of 8.4 percent
(Table 7). The consumption of industrial chemicals grew at an
average annual rate of 8.8 percent from 1969 to 1976, while the
consumption of agricultural chemicals increased at the less rapid
rate of 6.6 percent. This increase reflects the irdustrial growth
which has occurred in the PSAs during the past decade.

1. "Facts and Figures for the Chemical Industry," Chemical and
Engineerin News, 12 June 1978; and U.S. Department of Agri-
culture, Statistical Reporting Service, Crop Reporting Board,
Commercial Fertilizers (Washington, D.C.: USDA, 1977).
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BEA 50 (Knoxville) experienced the most rapid growth in chemi-
cal consumption during the period 1969-76, with an average annual
increase of 34.6 percent. Most of this growth was due to the
increase in industrial consumption. Other PSAs with substantial
increases in chemical consumption were BEAs 115 (Paducah), 64
(Columbus), 47 (Huntsville) and 66 (Pittsburgh).

More than 20 percent of the chemical consumption in the PSAs
occurred in BEA 66 (Pittsburgh) during the period 1969-76. The
primary metal products industry was a major consumer of chemicals
in Pittsburgh, as was the chemical industry. Other PSAs with
substantial quantities of industrial chemical consumption were BEAs
62 (Cincianati) and 52 (Huntington).

The major consumer of agricultural chemicals was BEA 55 (Evans-
ville). Of the 1,064.3 thousands tons of chemicals consumed in the
BEA in 1976, almost 62 percent was agriculturai chemicals. During
the period 1969-76, consumption of agricultural chemicals increased
at an average annual rate of 5.5 percent in BEA 55. This was a
reflection of the increase in land used in the production of major
crops.

BEA 49 (Nashville) was another major consuming PSA of agricul-
tural chemicals. Of the 1,290.0 thousand tons of chemical consumed
in the BEA in 1976, 23.4 percent was agricultural chemicals.
During the period 1969-76, consumption of agricultural chemicals
increased at an average annual rate of 8.8 percent in BEA 49.
During this period, corn acreage in BEA 49 increased from 373.3
thousand acres to 536.3 thousand acres; wheat acreage, from 121.7
thousand acres to 217.4 thousand acres; and soybean acreage, from
94.4 thousand acres to 456.1 thousand acres. IThe growth in volume
of agricultural chemical consumption would have been even greater
but for the shift toward more concentrated fertilizers.

BEA 115 (Paducah) consumption of agricultural chemicals in-
creased at an average annual rate of 10.6 percent between 1969 and
1976. Substantial increases in acreage, production and yields were
reported for this period in BEA 115.

E. Forecasting Procedures and Assumptions

Separate projections were developed foi- industrial and agri-
cultural chemical consumption. Projections of industrial chemical

1. Grains (Group V) Report.
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consumption were based on OBERS projections of industrial activity,
developed by the U.S. Department of Commerce for the U.S. Water
Resources Council. Projections of agricultural chemical consump-
tion were based on projections of acreage by crop which were de-
veloped for Grains (Group V) Report, and on projected fertilizer
application rates estimated by the Tennessee Valley Authority.

E-1. Industrial Chemicals

National production of major industrial chemicals was esti-
mated separately, from information obtained from the American
Chemical Society, for sulfuric acid, benzene, toluene, sodium hy-
droxide, and other industrial chemicals for the period 1969-76.
Consumption by industry was estimated from 1 daaon the distribution
of consumption among market industries. It was adjusted for
foreign trade. National consumption, by industry, was distributed
among PSAs using the distribution of national employment in each of
these industries among the PSAs. Employment data were the best
available historical county level data which could be aggregated
into the PSAs. They provide some measure of regional versus na-
tional economic activity for the industries which were examined.
Projections of consumption were estimated by using the historical
consumption by PSA and industry and by applying BEA growth rates in
earnings by industry. These growth rates were prepared by the U.S.
Department of Commerce for the OBERSProjections, Series E, pub-
lished by the U.S. Water Resources Council_ _

Growth rates in earnings in each PSA were assumed to be equal
to the growth rate in the appropriate BEA. No projections of
industrial activity beyond the year 2020 were identified. There-
fore, based on the assumption that constraints to growth become
more pronounced as grcwth occurs, a decrease in the experienced
rate of change in the period 2000-2020 was assumed. Growth rates,
by industry, for the period 2020-40 were assumed to be equal to
half of the rates projected for the period 2000-2020.

This assumes that consumption of industrial chemicals by each
industry will increase at the same rate as earnings (in constant
dollars) for that industry. Growth in earnings does account for
some of the expected changes in worker productivity, a factor that
would not have been included in employment growth rates. Also,

I. Major consuming industries include chemical and allied pro-
ducts, textile products, paper and allied products, petroleum
refining products, primary metal products, and miscellaneous manu-
factured products.



- T.

-38-

since the chemical product types consumed may vary in the future,
these products were assumed to substitute for one another on a
one-to-one volume basis.

E-2. Agricultural Chemicals

Chemical fertilizer applied to an acre of any crop is reported
in primary nutrient terms. This means that the "fertilizer appli-
cation rate" reflects the amount of N, P J0 5'and K 20 that an acre
of corn, wheat or soybeans receives. nowever, as none of the
nitrogenous, phosphatic, or potassLc chemical fertilizer materials
are pure (i.e. 100 percent NI 2 05 or K(2 0), it requires more than
one unit of any fertilizer material for the soil to receive one
unit of N, P 0 or K 20. An average analysis of fertilizer mate-

ras(i.e'. te percen~tage of primary nutrient contained per unit
of chemical material) was used in order to derive the number of
units of any one fertilizer material which is needed to yield one
unit of primary nutrient. Since it is the fertilizer materials
which are transported (anhydrous ammonia, triple superphosphate,
etc.) and not the primary nutrients, this analysis was performed in
order to more accurately reflect the actual amount of chemical
fertilizer tonnage moved by any one node of transport.

The procedure and assumptions used in estimating future con-
sumption are outlined in Table 8. As there are three crops and
three primary nutrients, nine separate sets of calculations were
performed for each PSA.

On the average, agricultural chemicals account for between 4
and 6 percent of future total chemical consumption. This is lower
than in the past because of the faster growth in consumption of
other chemicals and the decline in harvested corn acres. Corn is
the most heavily fertilized crop.

F. Probable Future Demands

Consumption of chemicals in the PSAs is projected to increase
at the rate of 3.2 percent between the period 1974-76 and 2000
(Table 9). This growth will occur in the consumption of industrial
chemicals, while the net change in agricultural chemical consump-
tion will be insignificant. Agricultural chemical consumption will
actually be less than the 1970s levels in the years 1980 and 1990.
This will result from the expected shift in acreage from corn to
soybeans. Soybean production requires substantially less ferti-
lizer material per acre than corn production.

MMR-.-
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During the period 2000-2040, the average annual increase in
chemical consumption in the PSAs will be 2.1 percent (Table 9). As
in the period 1974-76 to 2000, higher rates of growth are projected
for industrial chemical consumption than for agricultural chemical
consumption.

The fastest growth in consumption is projected to occur in
BEAs 47 (Huntsville), 48 (Chattanooga) and 64 (Columbus). This
will result from high levels of growth in the chemical, paper and
allied products, petroleum refining, and miscellaneous manufactur-
ing industries in BEA 47. High levels of growth will result in the
chemical and textile industries in BEA 48 and in the chemical
industry in BEA 64.

BEA 62 (Cincinnati) will replace BEA 66 (Pittsburgh) as the
major consuming PSA by the year 2020. This will result from higher
rates of growth in the chemical, primary metal product and miscel-
laneous manufacturing industries projected for BEA 62 relative to
BEA 66.



111. COMMODITY RESOURCE INVENTORY

Production of industrial and agricultural chemicals in the
PSAs increased from 7.9 million tons in 1969 to 10.0 million tons
in 1976, an average annual increase of 3.3 percent. Between
1974-76 ind -000, production in the PSAs is expected to increase at
the sightly higher rate of 3.7 per(ent. During the 2000-2040
peri ,i, product icri in the PSAs wi increase at the average annual
rate o 2.2 pet ent-

A. Production Areas

The production of Group VI commodities in the PSAs is supple-
mented by production in Se(ondarv Production Areas (SPAs) located
(utside the Ohio River Basin. These SPAs are defined as BEAs which
are the )rigins o (;roup VI waterborne movements destined to the
()hi(, Rivet Bas ini.

The ia j o producing PSA %as BEA 52 (Huntington). It was also
the stcord largest shipper of Group VI products in the ORS hinter-
land. (Ither ma1or prodi ing PSAs were BEAs 62 (Cincinnati), 54
L.oui sv I lIe ) , 64 (Columbus) arid 66 (Pittsburgh) .

Ma.ior SPAs were BEAs 138 (New (rleans) and 141 (Houston).
Together, these BEAs ac(ounted tor 79 percent of the inbound com-
merce of Group V! These BEAs shipped in assortment of industrial
(hemi(als, rang.ng from alcohols to petrochemicals, to points
throughout the ORS hinterland.

)

Other SPAs in the Gulf Coast area were BEAs 137 (Mobile), 140
( Beaumont I , 141 kCorpus Christi) and 144 (McAllen). Together,
these HEAs shipped 866.5 thousand tons (over 13 percent of total
inhound ORS conmierce of Group VI) to the ORS hinterland in 1976.
Most of these shipments were basic chemicals, alcohols and petro-

hem ( a Is.
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Most of the remaining inbound shipments in 1976 were from BEAs
77 (Chicago) and 114 (St. Louis). Major shipments from BEA 77 were
benzene and toluene which went to BEA 52. Almost half of BEA 114 's
shipments were sulfuric acid movements to primary metal producers
in BEAs 115 (Paducah) and 49 (Nashville). Approximately 25 percent
of BEA 114's shipments were basic chemicals movements to BEA 66
(Pittsburgh).

B. Production Characteristics

The chemical industry is one of the four largest industries in
the United States. Twenty eight of the 500 largest industrial
companies reported that over 25 percent of their sales were chemi-
cals in 1968. Another 126 iompanies produced some amount of
chemicals and allied products. As firms have expanded operations
to include products related to the companies' operations, these
numbers have probably increased in the past decade. Most major oil
companies produce petrochemicals, and metal producers often are
involved in the productioc of sulfuric acid. The capital require-
ments of chemical production, however, are quite substantial. New
entries to the industry are usually by established firms which,
because of the desire to capitalize on in-house research and inno-
vation or because of the incentives of vertical integration, will
enter limited chemical production as a complement to existing
operations.

B-I. Economic Characteristics

Although the U.S. level of exports has remained substantial
and steady, foreign competition for export markets has become more
pronounced over the past decade. A growing fear of the industry is
that, as government regulation pushes the cost of production up,
foreign producers will be able to obtain portions of the export
market. These problems., however, will have only indirect bearing
on PSA production since most consumption of that production is
domestic.

The U.S. chemical industry is highly capital and energy inten-
sive, input-oriented, integrated, and subject to short-term price,
supply, and demand fluctuations.

The geographical concentration of production shifted during
the late sixties from a scattered, market-oriented pattern to one

I Jules Backman, The Economics of the Chemical Industry,
(Washington, D.C.: Manufacturing Chemists Association, 1970).



which was heavily based in the Southeast, Southern Plain and Delta
states. Production has shifted away from areas of increasing
consumption toward areas of greater relative availability of pri-
mary inputs, oil, n tural gas, potash, and phosphate rock reserves.
This is due to increases in the relative cost of transportation
which have come to favor the transportation of lighter and less
bulky finished products rather than primary inputs.

Gulf Coast production allows the industry adequate on-site
storage facilities which are necessary for year-round production.
In addition, through use of the interior and coastal waterways,
these locations permit the industry greater latitude in serving
both domestic and export markets.

The fertilizer industry is becoming more vertically integrated
as economies-of -scale are gained from integrated n-site process
lines and the sharing of off-site supporting facilities, storage,
transportation, and marketing facilities.

The availability of fertilizers to the agricultural
sector depends on several forces not felt directly by
farmers, but these forces do affect the structure of the
industry -- the sizes and number of firms and plants,
concentration of buyers and sellers, and conditions of
entry. These elements bear directly on both the present
and future supplies of mater ifIs and, consequently, on
prices of fertilizer materials.

Uncertainties in terms of feedstock costs and availability,
government energy program and pollution abatement costs, pene-
tration of the market by imports, and dramatic increases in capital
and research and development costs have faced the industry on the
supply side. Uncertainties regarding farmers' intended planting,
fertilizer application rates and weather face the industry on the
demand side. Rising costs associated with capital, energy, tech-
nology, and market penetration make new firm entry unlikely in the

) next decade.

The combination of uncertainties has slowed the speed of the
fertilizer industry's adjustments to changes in domestic and world-
wide demand and has resulted in a perennial mismatching of supply

1. U.S. Department of Agriculture, Economic Research Service,
The Changiny,< U.S. Fertilizer Industry, Agricultural Economic Report
No. -378, by Duane A. Paul et. a]. (Washington, D.C.: USDA, 1977).



and demand. The historical industry ten-year market cycle has been
drastically abbreviated, and erratic prices and profits have become
more familiar.

B-2. Technological Characteristics

As stated earlier, research and development in the chemical
industry has been a major factor contributing to the growth of the
industry. Besides development of new products and new uses for
existing products, advances in production methods are important
results of the chemical industry's research and development ef-
forts. New production techniques have contributed to cost re-
ductions and price levels which have increased at a rate lower than
that of the wholesale price index. An example of this has been the
conversion of electrolytic caus ti4C soda-chlorine plants to new
dimens ional ly- stable, anodes which increase efficiency and require
less electric power.

Innovations in chemical fertilizer manufacturing processes
have been accompanied by reductions in unit costs. Important
technological advances in the 1970s include changes in finished
product form; reductions in equipment size, waste heat, power
requirements, and synthesis pressure; and redesigns of generator
systems. The single most important process innovation is the pipe
reactor and pipe-cross reactor units. These eliminate the costly
dryer system (and the fuel consumption associated with it) while
producing high-analysis grades at lower Dverall pollution levels.

The Tennessee Valley Authority (TVA) has played an active role
in the development, demonstration and dissemination of advances in
fertilizer-technology. TVA has begun to address itself to the most
pressing need for new technology: the creation of an economically
viable alternative to natural gas as a chemical fertilizer feed-
stock. TVA's "Ammonia from Coal" projects are designed to develop
and demonstrate coal gasification using a variety of both high- and
low-sulfur coals to produce feedstocks for producing ammonia syn-
thesis gaE. It Ls expected, however, that major shifts from na-
tural gas to coal feedstocks will not occur until the late 1990s.

In the short run, likely innovations in the fertilizer indus-
try's production operations will he in the development of energy-
saving processes, the development and application of economically

1. U.S. Department of Commerce, Industry and Trade Administra-
tion, U.S. Industrial Outlook, 1979 ed. (Washington, D.C.: GPO,
1979).



acceptable pollution control methods, and the economic utilization

of marginal phosphate ores.

B-3. Institutional Characteristics

As stated earlier, many of the largest industrial firms are
producing some amount of chemical products. There are approxi-
mately 70,000 chemicals being marketed in the United States. They
are sold by firms that include major pharmaceutical producers, oil
companies, glass manufacturers, film manufacturers, and tire pro-
ducers.

Privately owned corporations own much of the domestic ferti-
lizer productive capacity. Among t.'ie largest corporations, sales
of fertilizer products usually represent a relatively small percen-
tage share of total firm sales. Chemicail fertilizer producers and
their parent corporations are involved in the production and distri-
bution of such other products as petroleum refining and related
industries, plastic products, natural gas and crude oil extraction,
and chemical and allied products. The nitrogen industry is becom-
ing increasingly vertically integrated with growing co-location of
production facilities. Nearly all urea plants are located adjacent
to ammonia plants. Over two-thirds of ammnonium nitrate plants are
located at the same site as an ammonia facility.

Cooperatives are playing an important role in the fertilizer
industry and have increased their aggregate market share in the
1950-1970 period from 15 to over 30 percent. Cooperatives are
involved in manufacturing, marketing andl distributing chemical
fertilizer through an extensive system of local facilities.

The chemical industry faces a multitude of environmental pro-
blems related to production operations and solid waste disposal.
Problems include the control of noise, particulates emission, and
fumes in the working area; protection of the worker from exposure
to potential carcinogens; control of' contaminants in effluent
water; and control of fluorine, other fumes and particulates in
stack emissions. The basic phosphate sector faces particular
problems in the maintenance and control of slines and tailings
ponds, and the restoration of mined-out areas.

Of special interest to the chemical industry is the Toxic
Substances Control Act of 1976, administered by an office of the
Environmental Protection Agency. 1 This office has responsibility

1. P.L. No. 94-469, 15 U.S. Code '72601, October 11, 1976.
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for determination of criteria to assess chemical substances, stan-
dards for testing procedures, and regulations for the control of

hazardous substances. The Toxic Substances Control Act (TSCA)
confers broad powers on EPA to regulate all manufacture, distri-

bution and sale of chemical substances which may be found to be
hazardous. A firm wishing to manufacture or distribute in com-
mercial quantities of any chemical substance not already cleared by
FPA must notify EPA prior to production. it must furnish suffi-

cient information to enable an assessment of possible hazards

associated with the manufacture, distribution, and intended usages

of the substances. Attempts to assess the cost to industry of

compliance with TSCA have yielded widely divergent estimates rang-

ing from $80 to $140 million by EPA to $2 billion by a chemical
industry member. A business consulting firm has set the monetary

cost at between $360 million to $1.3 billion. The same consulting

firm concludes that the great burden of compliance with TSCA will
fall on small com'anies which must allocate larger relative amounts

ot capital spend-ng to comply with government regulations. Because

of TSCA, smaller companies are expected to produce 75 to 90 percent

fewer new products relativ to I0 to 25 percent fewer new products
to- the larger companies. According to the assessment of the
consultant, there will be increased merger, acquistion and bank-
ruptcy for many smaller chemical manufacturers. Companies are

expected to grow by acquisition and merger rather than by internal
innovation. A major concern to the industry, besides that of the

cost of compliance, is one of confidentiality of "trade-secret"

information relating to product development.

Engineering solutions to pollution problems exist in the forms

of dust control, condenser-type scrubbing equipment, and chemical

neutralizers. However, in some sectors of the industry, parti-
cularly in the production of finished fertilizers, the financial
burden of environmental control has !ed to the closing of some
marginal operations.

The most serious long-term problem facing the chemical indus-

try is the depletion of feedstocks and reserves. Rising costs

impact on the industry in terms of process inputs, resource re-

covery, fuel use in manufacturing, and transport costs per ton

mile. Natural gas and oil shortages are expected to be cyclical

1. U.S. Department of Commerce, Industry and Trade Administra-

tion, U.S. Industrial Outlook, 1978 ed. (Washington, D.C.: GPO,

1978).

2. Ibid.

hL1
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and short-lived in the next decade. At present, the industry
accounts for about 3 percent of domestic natural gas and natural
gas liquid consumption any for about 6.5 percent of petroleum and
petroleum products demand.

As industries which are unable to convert to coal as an alter-
native fossil fuel are given priority in the use of natural gas
(after residential consumers), the Energy Supply and Conservation
Act of 1974 and the Energy Policy Act of 1976 will be more likely
to impact on price in the short run than on supply. However, post-
1980 is more uncertain and "economically viable" alternative feed-
stocks and fuel sources are, at present, unavailable. Known na-
tural gas reserves may not last more than another 20 to 25 years.

U.S. reserves of phosphorous-bearing rock deposits of com-
mercial grade are concentrated in central Florida, North Carolina
and Idaho and represent an estimated 6 percent of global resources.
The United States is, at present, responsible for about 38 percent
of global production and 28 percent of consumption. Phosphate rock
exports are sizable, and an estimated 30 percent of North Carolina
and Florida rock is sold abroad. Metallurgical developments have
permitted the economic utilization of low grade ores. The phos-
phate industry faces no significant resource problems in the coming
15 years.

Potash production in the United States has declined since 1965
and is expected to continue to decline. The percentage of potassic
fertilizer consumption satisfied by imports has increased to a
present level of over 75 percent. tinida satisfies the majority of
this need and will strengthen its present major supplier role as
U.S. potash production capacity is ex,,cted, by Y.85, to drop 30
percent from a 1967 base of 4.02 million tons of K2O.

C. Existing Prodrl ti,,n ILevels

Between 1969 and 197h, product tn ,,f industrial and agri-
cultural chemicals increased trom 177 . m i II ion tons to 213.3
miltion tons at an average innual inr, of 3.9 percent. In the

1. U.S. Department of Coinmemer, iidiustr v and Trade Administra-
tion, U.S. Industrial Outlook, 1979 ed. (Washington, D.C. : GPO,
1979).
2. Tennessee Valley Authority, Economics and Marketing Research

Section, World -Fertilizer Capacity (,compite, printout: 7 Feb. 1979).

IM
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PSAs, production increased from 7,905.5 thousand tons in 1969 to
9,892.0 thousand tons in 1976, an average increase of 3.3 percent
(Table 10).

The major chemical produced in the United States isIsulfuric
acid. Over 33.5 million tons of it were produced in 1976. In the
same year, production of sodium hydroxide exceeded 10.5 million
tons; production of benzene and toluene totalled 8.8 million tons;
production of agricultural chemicals was approximately 30 million
tons; and other industrial chemicals contributed 130.4 million tons
to domestic supply.

The major producing PSA was BEA 52 (Huntington), which con-
tributed about 21 percent of total chemical production in the PSAs
during the period 1969-76. Production in this BEA, however, de-
clined during the last decade from 1,935.9 thousand tons in 1969 to
1,665.0 thousand tons in 1976. This decline reflects a national
trend; a shift is being seen in chemical production from points of
consumption to locations near sources of raw materials or less
costly production inputs (such as Labor).

Substantial growth did occur, however, in BEAs 50 (Knoxville)
and 66 (Pittsburgh). The latter's growth is, to a certain extent,
a reflection of the expansion of coal by-products as feedstocks for
various organic chemicals. BEAs 47 (Huntsville), 55 (Evansville)
and 115 (Paducah) are also estimated to have experienced relatively
rapid rates of growth in the past decade.

1). Forecasting Procedures and Assumptions

State level data on industrial and agricultural chemical
production, in 1972 served as the basis for estimating production in
the PSAs.i These data were distribitted among counties using the
distribution of chemical employees. The only other source of
county level chemical data provided capacity by plant which could
be compared with national capacity and production nformation to
provide BEA specific production data by chemical. These data,

1. "Facts and Figures for the Chemical Industry," Chemical and
EngineeringNews, 12 June 1978.

2. U.S. Department of Commerce, Bureau of the Census, Census of
Transportation, 1972 ed. (Washington, D.C.: GPO, 1976).
3. U.S. Department of Commerce, Bureau of the Census, Count

Business Patterns, 1970-76 eds. (Washington, D.C.: GPO, 1972-79).
4. Stanford Research Institute, Directory of Chemical Producers,

1978 (Menlo Park, CA: SRI, 1978).
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however, are incomplete and do not provide capacity data for all
chlemicals. For the purpose of estimating future production and
commodity flows of chemicals, use of the accessible state pro-
duction information and county level employment data are satis-
f acto ry.

Sever~l short-term projections of chemica[ production are
available. However, most of these do not provide projections
beyond the early 1980s and are not BEA specific.

BEA level projections of earnings (in constant dollars) in the
chemical industry to the year 2020 were developed by the U.S.
Department of Commerce for t1y OBERS Projections published by the
U.S. Water Resources Council. Growth rates by BEA for the chemi-
cal industry were derived from these projections and were applied
to appropriate BEAs and BEA segments. This procedure assumed that
the ratio of the value of production as measured by earnings (in
constant dollars) to production tonnage would remain constant in
the Ohio River System hinterland. None of the industrial sources
contacted during the course of this study were able to provide a
method of quantifying potential shifts.

Growth rates for earnings in each PSA were assumed to be equal
to the growth rate in the appropriate BEA. No projections of
industrial activity beyond the year 2020 were identified. There-
fore, a decrease in the rate of change experienced in the period

I. Review of projections of domestic chemical production in-
dlicate a lack of long-term projections with the exception of the
fIBERS Pro~ct io ns (Series E). The [Department of Commerce provides
a nnualI five-year forecasts in the Industrial Outlook. The
En-ergy Consumption in Manufacturing study (Cambridge, 1974) pre-
pared for the Energy Policy Project of the Ford Foundation provides
projections through 1980. The latter two sources project annual
chemical production growth rates similar to those of the OBERS
series. The National Planning Association does prepare state and
metropolitan projections in its Regional Economic Projections
Series. However, industry specific projections were made for
employment, and would capture less of productivity changes than
would earnings projections. Also, projections were made only
through the year 1990. In a preliminary study (Tulsa Report)
prepared for the Corps of Engineers, a 2.8 percent growth rate for
the next few years for the chemical industry as a unit was cited.

2. IJS. Water Resources Council, (IBERS Project s Reinal
Economic Activityin _the united -States, Series E, 1972 ed. (Wash-
ington, D.C.: GPO, 1974).



2000-2040 was assumed. 'This was based on the assumption that
constraints to growth become more pronounced as growth occurs.
Growth rates, by industry, for the period 2020-2040, were assumed
to be equal to half the rates projected for the period 2000-2020.

E. Future Production Levels

Production of industrial and agricultural chemicals in the PSA
was estimated to increase at the annual rate of 3.7 percent between
1974-76 and 2000. Production between the years 2000 and 2040 will
continue to increase but at a lower rate of 2.2 percent (Table 11).

BEA 47 (Huntsville) was projected to increase production at
the most rapid rate during the projection period. By the year
2020, BEA 47 will be the major producing PSA in the ORS hinterland.

BEA 52 (Huntington) will continue to be a major production
center for chemicals in the region. However, its predominance will
diminish. Other major BEAs will be BEAs 62 (Cincinnati), 64
(Columbus), 54 (Louisville) and 66 (Pittsburgh). These have been
major chemical production areas in the past.
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IV. TRANSPORTATION CHARACTERISTICS

At the national level, water is a major mode of transport for
industrial and agricultural chemicals. Of the 127.2 million Itons
of industrial and agricultural chemicals shipped in 1972, 16
percent were shipped by water, J5 percent by rail, and the re-
mainder by truck or other means. Within the ORS hinterland, net
water shipments (outbound less inbound) are substantial enough to
cover the difference between the PSAs' consumption and production.

A. Existing and Historical Modal Split

In 1976, the PSAs were net receivers of industrial and agri-
cultural chemicals. While inbound and outbound shipments by rail
and by truck balanced such that net shipments for both modes were
under 1 million tons, inbound water receipts exceeded outbound
shipments by over 5.5 million tons (Table 12).

Gross rail shipments for the PSAs totalled 11,809.5 thousand
tons in 1976, compared to 11,364.0 thousand tons by water. Major
shipping areas for rail to the PSAs were the Gulf Coast and the
Great Lakes. Major receivers of chemical rail shipments from the
PSAs were the Carolinas, the Great Lakes, Virginia and the Middle
Atlantic states.

These shipments were comprised mostly of basic chemicals,
sulfuric acid, sodium hydroxide and agricultural chemicals. Re-
latively more agricultural chemicals are moved by rail than by
water in the ORS hinterland, and; more basic chemicals are moved by
water than by rail.

1. As defined to include SIC codes 281 (Industrial chemic-als)
287 (Agricultural chemicals) and 289 (Miscellaneous chemicals).
2. U.S. Department of Commerce, Bureau of the Census, Census of

Transporat~ion, 1972 ed. (Washington, D.C.: GPO, 1976).
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BEA, 47 Hunt ,, " I I . Fvansv iIe), 62
W incinnat i) adt tt) (fsli i .ii i i i 1 i01 ust rs of the waterway.
Ihey repo rted subistdnt ia i iol it ut (..it e tiorie chemical receipts
ini 19 76 (I ab Iv 1-). iA tin, , %,(Vt , r 'Ii .s on t rick transport as
a means of supp lying tIhe ga t,, tevri p'-oduct on and consumption.
rhis is also true for BEA 48 (B. itt , i , ). BKA 47 reported large
quanltiti's o outbound chemi( ,i h%, fil, is lid BEAs 48, 52 and

. The major phenomenon occtitruii ,h these movements is that
PSAs may sh)p as many it; \. pi (ii t s as they receive. This
results because chemi als art, ,,ul as iputs for the production of
other chemicals. So, in the IPSA, miji ' chemical inputs will be
shipped f rom an area such as the G I Coast, processed and then
conswtled within the ORS hinter alni -r in the surrounding regions.

t. / itermodal CIi!.a, t ,rist ics

Most shippers and receivers .1 ,r,,p VI products are located
at waterside ,r have ratil ticilitirs it the plant site. There are
very few intermodaLl transfers. hih exi.sting rate structures dis-
courage barge to rail or rail t ., Bigc shipments. Highway trans-
portation is the major I nk iri iiiteiilal movements. Container-
ization continues to expadi aol t. .t the efficiency of rail to
truck transfers. With respect t, h.irge-triick transshipment, al-
though the use ift contij fis fii ot i,,n-going vessels has grown,
containerization is no t now a !., V , T ,r t, ilIatti waterway.

C . Factors Aft ct i , tfa I Cho ice

'rhe modes of transportait oi d!ifv- f,) r the movements of many
chemicals. The phys ical ch ractcr st is ( f some chemicals and the
locations of avai lalie points ,t iqiplv I unit movements to certain
modes. For instance, the prim.i-v oiirces of potash are mines in
Canada and the western United Staites. ind most potash is shipped
east via rail. Ammonium nitrate is ., highly explosive material
which is prohibited from shipment (,n the inland waterways.

The Primary Study Areas are primarily consumers of basic
chemicals which form the building 1!ocks for more specialized
chemicals. Although some of these asic chemicals are produced in
the ORS hinterland, the region must rely on supplies from else-
where, specifically the Gulf Coast. When a consuming firm has
access to water transportatio; and sch duling permits, barge is the
preferred mode of transport. This is because, of the major modes
of transport, barge is the least expensive. Its use, however, is
limited to the waterway system, and delivery schedules are subject
to a degree of variability due to weather and traffic delays.
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D. Forecasting Procedures and Assumptions

Projections of modal split were based on the 1976 relation-
ships between production and consumption and gross outbound and
inbound water and rail movements by BEA, except when data, analyses
and conversation with chemical shippers indicated otherwise. Gross
inbound waterborne and rail receipts for each PSA were estimated as
a proportion of consumption. Gross outbound waterborne and rail
shipments for each PSA were estimated as a proportion of produc-
tion. Several plants were identified that have closed operations
but had used the waterways in the period 1969-76. Adjustments for
these shipments were made based on dock reports and conversations
with personnel at these plants.

E. Probable Future Modal Split

Production of chemicals in the PSAs is projected to increase
faster than consumption (Table 13). However, inbound water ship-
ments will continae to exceed outbound shipments during the entire
projection period. Net rail shipments will increase from 601.0
thousand tons in 1976 to "2,426.2 thousand tons in 2040. Net truck
shipments will increase from 513.0 thousand tons in 1976 to 7,120.7
thousand tons in 2040.

F. Probable Future Waterways Traffic Flows

Gross waterborne shipments are projected to increase from 11.4
million tons in 1976 to 22.4 million tons by 2000, at an average
annual increase of 2.7 percent. From 2000 to 2040, the average
.lnnJildi increase is projected to be 2.3 percent.

BEA-to-BEA waterborne traffic projections are presented in
Table 14. ;rowth indices derived from the traffic projections are
preseiLe in lable 1).

A)
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Table 14. Ohio River System: BEA-to-BEA Waterborne Traffic of
Cnemicals and Chemical Fertilizers, Actual 1976 and Projected

1930-2040, Selected Years

HUNDREDS OF TONS
ORIGIN DESTINATION COMMODITY

BEA BEA GROUP 1976 1980 1990 2000 2020 2040

038 052 06 67 74 82 99 140 168
039 066 06 11 11 12 15 20 24
045 052 06 150 166 184 221 314 377
046 054 06 56 58 82 115 200 266
046 055 06 45 28 42 57 93 119
046 062 06 211 225 286 370 573 722
047 046 06 100 125 212 329 663 943
047 04? 06 256 347 650 1037 2122 2960
047 048 06 11 17 31 56 101 137
04, 049 06 11 13 23 35 71 98
047 052 06 550 658 827 1142 2572 3934
047 055 06 119 104 205 335 698 1000
04? 062 06 227 315 625 1080 1916 2568
047 066 06 102 125 204 314 594 835
047 071 06 444 550 988 1528 3070 4345
047 078 06 33 40 69 107 216 307
047 079 06 33 41 69 107 216 307
047 089 06 111 136 228 355 717 1021
04? 091 06 45 56 93 145 292 416
042 107 06 22 27 46 71 143 203
047 108 06 56 69 116 180 364 518
04? 113 06 78 97 162 251 507 722
04, 114 06 45 57 95 147 298 424
04? 141 06 289 358 600 932 1881 2681
047 915 06 22 27 47 72 144 207
048 049 06 45 62 104 163 299 405
048 07? 06 44 57 8? 127 237 324
048 078 06 134 172 243 354 665 914
048 079 06 100 130 196 287 538 737
048 081 06 5I'', 71 106 156 289 397
048 115 06 20 25 45 57 112 156
049 052 06 264 296 367 484 800 1031
049 055 06 50 60 90 125 212 275
05l 039 06 21 26 32 41 65 82
052 046 06 301 371 449 578 921 1162
ol 047 06 487 694 1122 2048 4565 6368
052 049 06 457 586 772 1096 1854 2399
052 052 06 5510 6766 7753 9246 13180 15924
052 054 06 160 203 263 354 619 791
052 055 06 90 79 121 162 254 315
Oa2 062 06 2?! 394 582 841 1561 2114
052 066 06 1029 1258 1452 1791 2655 3275
052 068 06 10 12 16 19 30 43
052 077 06 1400 1736 2103 2712 4316 5457
052 078 06 56 70 85 111 177 224

(Continued)
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Table 14. (Continued)

HUNDREDS OF TONS
ORIGIN DESTINATION COMMODITY
BEA BEA GROUP 1976 1980 1990 2000 2020 2040

052 081 06 100 126 154 199 320 405
052 089 06 10 14 17 2 35 45
052 114 06 132 164 206 265 424 534

0-2 115 06 70 81 121 170 298 367052 137 06 50 62 5 97 155 195
052 138 06 410 509 621 801 1275 1611
052 139 06 30 37 45 58 93 117

052 140 06 95 i17 141 181 286 360
0W2 141 06 720 895 1090 1406 2237 28215
052 143 06 30 37 51 66 105 133
054 052 06 70 86 93 103 156 188
054 078 06 78 93 130 183 325 434
054 114 06 i1 13 18 25 44 59
054 115 06 100 123 203 313 583 798
054 138 06 11 13 18 25 44 59

054 141 06 11 13 18 25 44 59

055 054 06 30 37 55 79 148 200
055 055 06 52 44 69 98 174 230
055 062 06 140 187 239 320 542 706
055 066 06 10 12 15 20 31 40

055 077 06 60 72 97 132 226 298
055 078 06 30 35 47 64 111 146
055 079 06 140 167 225 308 530 698
055 138 06 70 84 113 155 267 352
055 143 06 20 24 33 44 74
055 144 06 80 96 129 177 305 401

062 049 06 11 14 23 35 71 102
062 052 06 363 445 580 7%2 1181 1649
062 055 06 20 18 32 48 91 126
062 062 06 211 274 484 783 1678 2249
062 066 06 10 12 17 24 43 57
062 078 06 22 27 40 58 108 148

062 140 06 20 25 39 58 109 149

064 047 06 0 0 1823 3743 14064 24689
064 052 06 18020 21876 30616 43320 73161 94046

064 054 06 130 59 253 410 782 1142
064 062 0o 160 304 111 847 1503 2231
066 046 06 141 166 226 314 542 716

06o 047 06 105 141 420 652 1237 2008

066 049 06 22 27 38 51 89 113
066 052 06 4943 5773 7014 9115 16025 20143

066 054 06 1it 131 189 281 547 744

066 062 06 851 1059 1866 2885 5935 8555
066 064 06 291 400 620 951 1972 2822
066 066 06 3303 3845 5344 7425 11197 14447

(Co t inued)
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Table 14. (Continued)

HUNDREDS OF TONS
ORIGIN DESTINALION COMMODITY

BEA BEA GROUP 1976 1980 1990 2000 2020 2040

066 077 06 43 51 70 96 167 220

00078 06 60 76 120 168 292 385

066 114 06 101 120 156 216 374 493

066 115 06 50 61 116 185 351 451

066 138 06 250 296 401 553 960 1266

066 140 06 22 27 36 49 B4 Ill

066 141 06 155 183 244 338 585 772

066 143 06 345 408 550 761 1322 1745

066 915 06 11 13 16 23 41 53

068 052 06 400 458 619 846 1t73 1939

068 066 06 190 215 275 366 587 751

068 135 06 it 13 17 23 38 50

077 047 06 50 53 7q 162 367 530

077 052 06 711 78, 873 996 1307

077 062 06 33 33 45 61 103 134

072 066 06 45 47 51 62 84 100

079 052 06 14 12 14 16 2 28

09; 047 06 200 213 317 449 774 1035
05 23 33 47 83 110

107 062 0 67 91 118 182 230

054 06 6; 69 90 119 190 243

113 055 06 89 54 72 92 134 165

:14 049 06 470 457 580 753 1164 1470

i14 054 06 11 II 15 19 29 39

114 055 06 360 220 289 385 583 731

114 OK 06 1,1 119 153 208 328 411

lI4 0o6 06 484 483 5-o 627 798 927

114 25 06 350 316 443 575 889 1134

115 046 o 690 773 1090 1535 2734 3657

25 04- 06 17v 233 282 424 497 510
115 048 06 20 30 51 61 126 183

115 049 06 270 307 460 554 1002 1362
I15 054 06 410 465 714 1020 1845 241?

115 062 06 350 394 543 757 1418 1949
15 066 06 30 31 35 43 70 82

115 077 06 1220 1364 1861 2623 4662 6242

,b I11 06 50 56 79 Ill 198 265

5 114 06 240 267 378 533 954 1272

115, 15 0 530 545 818 1241 2355 3275
115 11? 06 20 22 32 45 79 106

15 133 06 67 1" 106 149 266 35

134 062 06 140 150 198 262 424 544

135 047 06 78 86 132 182 308 408

135 052 06 89 96 10i 124 180 &

137 047 06 856 914 1001 1201 1645 1959

137 048 06 167 189 301 436 793 1089

137 049 06 523 509 6J 10o4 1778 2353

137 055 06 1479 893 1378 1930 3155 4078

(Con- inued)

i~-,
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Table 14. (Continued)

HUNDREDS OF TONS
ORIGIN DESTINATION COMODITY

BEA BEA GROUP 1976 1980 1990 2000 2020 2040

137 062 06 67 71 96 130 208 264
138 047 06 365 399 627 529 446 376
138 048 06 2226 2642 3891 5576 10044 13556
138 049 06 2848 2785 3828 5272 8553 11070
138 052 06 3266 3227 1901 1270 699 385
138 054 06 733 770 1054 1425 2374 3126
138 055 06 4778 3015 4219 5691 8925 11281
138 062 06 5896 6397 8856 11692 17169 20553
138 064 06 1302 1452 2109 2982 5218 7048
138 066 06 5124 5088 5667 6835 9392 11442
138 068 06 78 70 98 119 174 247
138 115 06 1930 1774 2470 3443 5529 715811 '1 7 718
140 047 06 234 25" 855 1853 2,58 3754
140 049 06 11 12 16 19 29 35
140 052 06 1961 2147 1875 1412 928 610
140 054 06 11 12 16 19 29 35
140 055 06 50 31 40 51 74 91
140 062 06 712 774 1053 1470 2558 3421
140 066 06 970 973 1073 1310 2681 3245
141 04? 06 8263 9073 12733 17955 28714 35721
141 048 06 101 118 176 270 535 734
141 049 06 189 184 258 409 675 928
141 050 06 156 157 220 306 535 711
141 05 06 4067 4173 4254 3738 1850 915
141 054 06 1134 1190 1678 2351 4088 5459
141 062 06 2928 3183 4559 6685 14628 21395
141 064 06 426 479 715 1040 1940 2661
141 066 06 3154 3122 3655 4715 7043 8891
141 068 06 100 95 111 141 215 236
141 115 06 1013 928 1412 2029 3413 4550
143 047 06 190 217 393 525 840 1068
143 042 00 11 13 19 29 53 74
143 049 06 22 21 28 37 61 78
143 0J 06 660 7 0 665 757 970 1100
143 055 06 11 7 9 13 19 24
143 062 06 270 294 427 604 1070 1444
143 064 Oo 22 24 33 45 83 112
143 066 06 22 2 26 32 48 59
143 115 jo 10 10 15 21 34 45
144 047 06 60 66 95 143 264 361
144 049 06 11 11 14 18 29 37
144 052 06 260 284 317 370 501 587
144 054 06 11 12 15 20 32 42
144 066 00 64 65 73 89 124 150
915 054 06 22 22 31 42 67 86

(Continued)
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Table 14. (Continubd)

ORIGIN DESTINATION COMMODITY HUNDREDS OF TONS
BEA BEA GROUP 1976 1980 1990 2000 2020 2040

915 055 06 500 303 465 633 1001 1270
915 062 06 316 339 377 466 689 857
915 115 06 30 27 42 57 91 116

TOTAL 113640 123960 165337 224196 375648 491953

Note: BEA 915 refers to counties of BEA 115 which are origins and
destinations of waterborne movements shipped from and to points on
tne Mississippi River.

Source: Robert R. Nathan Associates, Inc.
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Table 15. Ohio River System: Growth Rates of
Chemicals and Chemical Fertilizers Waterborne
Commerce, BEA to BEA, Projected 1976-2040,

Selected Years

BEA Group Indexb Year c

Pair a No. Value 1976 1980 1990 2000 2020 2040

038052 06 67 1000 1104 1224 1473 2090 2507
039066 06 11 1000 1000 1091 1364 1818 2182
045052 06 150 1000 1107 1227 1473 2093 2513
046054 06 56 1000 1036 1464 2054 3571 4750
046055 06 45 1000 622 933 1267 2067 2644
046062 06 211 1000 10o6 1355 1754 2716 3422
047046 06 10o 1000 1250 2120 3290 6630 9430
047047 06 256 1000 1355 2539 4051 82.9 11563
047048 06 11 10CO 1545 2818 5091 9182 12455
047049 06 11 1000 1182 2091 31S2 6455 8909
047052 06 550 10(30 119b 1504 2076 4676 7153
047055 o6 119 I000 874 1723 2815 5866 8403
047062 06 227 1000 13- '  2753 4758 3441 11313
047066 06 102 10Cc 1225 200(0 3078 5824 8186
047077 0O 444 1000 1239 2225 3441 6914 9786
047078 06 33 1000 1212 2091 3242 6545 9303
047079 06 33 1000 142 2091 3242 6545 J303
047089 06 111 1OU 1225 2054 3198 6459 9198
047091 (6 45 1000 1244 2067 3222 64c(9 9244
0471(,7 06 22 1000 1227 2091 3227 6500 9227
04710U 06 56 1000 1232 2071 3214 6500 9250
047113 06 7e 1000 1244 2077 3218 6500 9256
047114 ) 45 1000 1267 2111 3267 6622 9422
047141 06 289 1000 123'1i 2076 3225 6509 9277
047915 d  06- 22 1000 1227 2136 3273 6545 9409
048049 06 45 1000 137> 2311 3622 6644 9000
048077 0f 44 100 1295 1977 2S86 53S6 7364
04807 Of) 134 1000 12:14 1813 2642 4963 6821
048079 06 100 1000 1 3C6 1960 23270 5380 7370
043081 06 56 1 Cc 1202 18 i93 27 06 5161 7089
043115 06 20 oO<, 1250 2250 2850 5600 7800
049052 06 264 13(' 1[21 1390 1833 3030 3905
049055 06 50 10C r 1200 1800 2500 4240 5500
052039 06 21 1000 123( 1524 1952 3095 2905
052046 C,6 301 10Co 1233 1 92 1920 3060 3860
052047 06 4F7 100o 1425 2304 4205 9374 13076
052049 00 457 1 (0( 12'2 1689 2398 4057 5249
052052 Oh 551,) 1000 122 ,  1407 1678 2392 2890
052054 Oh 160 I000 1209 1644 2.13 3869 4944
052055 06 9(' 1000 071 1344 1800 2:)22 3500
052062 hf; 295 10(0 133 1973 2851 5292 7166
052066 (16 1029 1000 1223 1411 1741 2580 3183
052r68 ,06 1) 1(;00 12(to 1600 1900 3000 4300
052077 06 1400 100 1240 15G2 1937 3('03 38,98

(Continued)
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Table 15. (Continued)

BEA Group Index, Yearc

Paira  No. Valuel 1976 1980 1990 2000 2020 2040

052078 C6 56 1000 1250 1518 1982 3161 4000
052081 06 100 1000 1260 1540 1990 3200 4050
052089 06 10 1000 1400 1700 2200 3500 4500
052114 06 132 1000 1242 1561 2008 3212 4045
052115 06 70 1000 1157 1729 2429 4257 5243
052137 06 50 1000 1240 1500 1940 3100 3900
052132 06 410 1000 1241 1515 1954 3110 3929
052139 06 30 1000 1233 1500 1933 3100 3900
052140 06 95 1000 1232 1484 1905 3011 3789
052141 06 720 1000 1243 1514 1953 3107 3924
052143 06 30 1000 1233 1700 2200 3500 4433
054052 06 70 1000 1229 1329 1471 2229 2686
05407'- 06 70 1000 1192 1667 2346 4167 5564
054114 06 11 1000 1132 1636 2273 4000 5364
054115 06 100 1000 1230 2030 3130 5830 7980
05413S 06 11 1000 1182 1636 2273 4000 5364
054141 06 11 1 (W(1 118;2 1636 2273 4000 5364
055,54 Ob 30 1000 1233 1833 26733 4 033 6 67
055055 06 52 1000 846 1327 1835 3346 4423
055Oh2 06 140 1000) 1336 1707 2286 3871 5043
055606 06 10 1000 1200 1500 2000 3100 4000
055077 Oo 60 10(;0 1200 1617 2200 3767 4967
055078 06 30 10(W 1167 1567 2133 3700 4867
055079 06 140 100f) 1193 1607 2200 37Sb 4986
055138 06 70 10o 1200 1614 2214 3814 5029
C55143 06 20 1000 1200 1650 2200 3700 4850
055144 06 80 1,)00 1200 1613 2213 3813 5013
062049 06 11 F'(10 1273 2091 3132 6455 9273
J ', ,)2 o 363 10(0 1226 159S 2099 3253 4543
062055 00 21) 1600 900 1000 2400 4550 6300
062062 06 211 i,),)0 I- 2294 3711 7953 10659
062066 06 10 10(1 1200 1700 2400 4300 5700
062)7 . 00 22 i ,')h0 1227 18 18 2636 4909 6727
),2140 C6 20 1000 1250 1-950 2900 5450 7450
064n47 06 1823 0 0 1000 2053 7715 13543
064032 06 18020 1000 1214 169') 2464 4060 5219

)045()54 06 13o 10 00 1223 1946 3154 6015 8785
0646c,2 06 16() 100 0 1900 3469 5294 9394 13944
6f,6046 06 141 10(1r) 1177 1603 2227 3844 5073
066(,47 06 105 0) 1343 4000 6210 11711 19124
C,116('49 06 22 1!0 1227 1727 2318 4045 5136
066052 06 4943 1 000 1168 1419 1344 3242 4075
066054 06 111 10 10 1130 1 703 2532 4928 6703
06602 O 851 1000 1244 2193 3390 6974 1 J053
C66C, ,'+4 0 291 100 1375 2131 3268 6777 9693
066066 06 3303 1Poo 1104 loiS 2248 3390 4374

(Continued)
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Table 15. (Continued)

c
BEA Group Index, Year

Pair No. Value u  1976 1980 1990 2000 2020 Z040

066077 06 43 1O00 1186 1628 2233 3584 5116
06607S 06 60 1000 1267 2000 2O0 4867 6417
066114 06 131 1000 111" 1545 2139 3703 4",81
066115 06 50 100C 1220 232.o 3700 7020 9020
066138 06 250 1000 1184 1604 2212 3840 5064
066140 06 22 1000 1227 1636 2227 381d 5045
066141 06 155 1000 1181 1574 21S1 3774 4981
066143 06 345 1000 1183 1594 220b 3632 5058

0 66 91 5d 06 11 1000 1182 1455 2091 3727 4818
068052 06 400 1000 1145 1548 2115 3683 4848
008066 06 190 1000 1132 1447 1926 3C89 3953
068135 06 11 1000 1182 1545 2091 3455 4545
077047 06 50 1000 1060 1560 3? 40 73".40 13600
077052 06 711 I00M 1107 1228 141 1836 2120
077062 O6 33 1000 10O0 1364 1848 3121 4061
077066 06 45 1000 1044 1133 1378 I 167 2222
079052 06 11 1000 1091 1273 1455 2f,36 2545
0912-47 06 200 1000 1065 1385 2245 3870 5175
107054 06 22 1000 1045 1500 2136 3773 5000
107062 06 67 1000 1 C-60 135 - 17,)l 2716 3433
10054 06 67 1000 1030 1343 1776 2836 3627
113055 06 89 100 607 809 1034 1506 154
1 14043 06 479 100 972 1234 1,(2 2477 3128
114054 06 11 10(0 1000 1364 1727 2636 3545
114055 06 360 1000 611 803 1, 69 1f,19 2031
114062 06 11 1000 1072 1378 1874 2955 3793
114066 06 4 84 1000 993 1074 1295 1649 1915
114115 06 35): 1000 90, 12t6 1643 2540 3240
115046 06 690) 1500 1120 1580 2225 3962 5300
115047 06 190 100) 1226 1484 2232 2t1 6 2684
115048 0, 20, 1000 1500 2550 3f050 6300 3150
115049 06 270 10,00 1137 1704 2052 3711 5044
115054 06 4 1 1 C, 1{ 34 1741 2438,' 450 590
115062 06 351) 10 1)) 112t, 1 ) { 21",3 4051 556.)
115()66 06 32 IOM; 1033 11t,7 1433 2333 2733
1 15077 06 122. 10I3w ) 111. 1525 2 1 o 3821 5116
115111 06 53) 100,3 112 1 30 2220 3960 530(;
115114 06 24u I:),)0 1113 1575 2221 397) O0W
1 15115 06 53Y 1 002 1:2> 154 3 14 2)4" 4.43 o1719
115119 06 2p !,), I!.) 1100 2250 3,50 53110
115133 C, 67 1 : 1 1') 1r)',2 2"4 32.7 5299
1 340t62 0) 140 10)0 ) 1 1 1 41,'. 1> 71 3v?29 3886
1 35r47 06 70 160') 1l1)I 19)2 2:13 31o49 5231
1 35,52 06 '9 1")0 1"'22 1 1 35 1 3(1) 3 2,1:22" 24 61
137)47 )h 856 1 )03 I13i- 116 I 1., 3 1 422 2239
I 37)48 06 197 10(0 1132 1 2 2,1 4 74q (.521
1 37'4 04 523 19("n) 973 1 k', 21,4 3'01 (, 9
137055 2j5, 14T. 100 ( 4 932 I1 .5 2133 2757

(Continued)
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Tabile 15. (Continued)

BLA Group Index b  
Yearc

Pair a  No. Value 1976 1980 1990 2000 2020 2040

I17062 06 67 1000 1060 1433 1940 3104 3940

1 3 47 06 365 1000 1093 1718 1449 1222 1030
13,p'4 06 2226 1000 1187 1748 2505 4512 6090

13849 06 2848 1000 978 1344 1851 3003 3887
1 381,52 06 3266 1000 988 582 389 214 118

138054 06 733 1000 1050 1438 1944 3239 4265
133055 06 4773 1000 631 E83 1191 1868 2361
I 30r:2 06 5396 1000 1085 1502 1983 2912 3486
13064 0 1302 1000 1115 1620 2290 4008 5413
138066 Co 5124 1000 993 1106 1334 1833 2233

13,C, 06 7S 1000 897 1256 1526 2231 3167
13t115 06 1930 1O0 919 1280 1784 2865 3709
140'4/ 06 234 1000 1094 3654 7919 11786 16043

140049 06 11 1000 1091 1455 1727 2636 3182
SIf)52 06 19ul 1060 1095 956 720 473 311
146o54 06 11 1000 1091 1455 1727 2636 3182
140055 00 50 1000 620 800 1020 1430 IS20
140662 06 712 1000 1087 1479 2065 3593 4805
140Q66 0r 970 1000 1003 1106 1351 2764 3345
141047 06 82(3 1000 1098 1541 2173 3475 4323
1'10,- 06 101 1000 1168 1743 2673 5297 7267
141049 06 189 1000 974 1365 2164 3571 4910
1410)50 06 156 1000 1006 1410 1962 3429 4558

141,52 O 4067 1000 1026 1046 919 455 225
[1 14 06 1134 1000 1049 1480 2073 3605 4814
141-62 06 2928 1000 1087 1557 2283 4996 7307
141"4 (rt 426 1000 1124 1673 2441 4554 6246
141060 06 3154 1000 990 1159 1495 2233 2819
1 "1,6 f)- 1)00 1)00 95(" 1110 14110 2150 2360
141115 0,6 1013 10,0 916 1394 2003 3369 44q2

14304i 06 190 1000 1142 2068 2763 4421 5621
1,Y)4a,  06 11 10co 1182 1727 2636 4813 6727

1 43 (.414 06 22 1000 955 1273 1082 2773 3545
143,5 2 06 660 1000 1074 1908 1147 1470 1667

I 'o55 06 11 1000 636 ,818 1162 1727 2182
I -'43uo2 06 27) 1000 10109 1581 2237 3963 5348
1 43'04 06 22 1000 1091 1500 2045 3773 5091
143!() 06 22 1O0, 1000 118,2 1455 2182 2682
143115 06 I0 IU(U0 1 0)0 15o0 2100 3400 4500
1I 7 06 60 1000 1 0 15o3 2383 4400 6017
144t,49 06 11 1000 1200 1273 1036 21)3 3364

1440w52 06 2 f) 0 OO, 10C, 2 1219 1423 1927 225S
1 '--'(54 0t 1 1 1000 1(1 1 3t4 1613 2909 3318
I 4,(66 06 64 11)0 1 '1( 1 1141 1391 193,, 2344

(Cont inued)
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Taole 15. (Continued)

CBEA Group Index Year
Pair No. Value 1976 1980 1990 2000 2020 2040

91505 4d J6 22 1000 luL 1409 1909 3045 3909
915055d 06 500 1000 60t 930 12h6 2002 2540
915062d 06 316 1000 1073 1193 1475 2130 2712

9 15 115d 06 30 1000 90U 1400 19C0 3U33 3867

a. The first three digits indicate the BEA of
origin; the last three digits indicate the BEA of
destination.

b. Hundreds of tons.
c. Growth rates are reported such that 1,000

equals the index value reported in the third column.
d. BEA 915 refers to counties of BEA 115 which

are oriQins and destinations of waterborne movements
which are shipped from and to points on the Missis-
sippi River.

Source: Robert R. Nathan Associates, Inc.

I
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Table A-1. Ohio River Basin: Primary Study Areas
for Chemicals and Chemical Fertilizers

(BEAs and BEA segments)

BEA 47: Huntsville, AL Benton, TN

Colbert, AL Cannon, TN
Franklin, AL Cheatham, TN
Lauderdale, AL Clay, TN

Lawrence, AL Coffee, TN
Limestone, AL Davidson, TN
Madison, AL DeKalb, TN

Marshall, AL Dickson, TN
Morgan, AL Giles, TN
Alcorn, MS Hickman, TN
Tishomingo, MS Houston, TN
Franklin, TN Humphreys, TN
Hardin, TN Jackson, TN
Lincoln, TN Lawrence, TN
McNairy, TN Lewis, TN
Wayne, TN Macon, TN

Maury, TN
BEA 48 (segment): Chattanooga, TN Montgomery, TN
DeKalb, AL Overton, TN
Jackson, AL Perry, TN
Catcosa, GA Pickett, TN
Chattooga, GA Putnam, TN
Dade, GA Robertson, TN
Walker, GA Rutherford, TN
Whitfield, GA Smith, TN
Bledsoe, TN Stewart, TN
Bradley, TN Sumner, TN
Grundy, TN Trousdale, TN
Hamilton, TN Van Buren, TN

Marion, TN Warren, TN
McMinn, TN White, TN
Meigs, TN Wiiliamson, TN
Polk, TN Wilson, TN
Rhea, TN
Sequatchie, TN BEA 50 (segment): Knoxville, TN

Anderson, TN
BEA 49 (segment): Nashville, TN Blount, TN

Alien, KY Campbell, TN
Barren, KY Cumberland, TN
Butler, KY Fentress, TN
Christian, KY Grainger, TN
Clinton, KY Jefferson, TN
Cumberland, KY Knox, TN
Edmonson, KY Loudon, TN
Logan, KY Monroe, TN
Mctcalfe, KY Morgan, TN
Monroe, KY Roane, TN
Simpson, KY Scott, TN
Todd, KY Sevier, TN
Trigg, KY Union, TN
Warren, KY

(Continued)
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Taile A-i (continued).

BEA 52 (segment): Huntington, WV BEA 55 (segment): Evansville, IN
Boyd, KY Caldwell, KY

Carter, KY Crittenden, KY
Elliott, KY Daviess, KY
-reenup, KY Hancock, KY
Lawrence, KY Henderson, KY
Rowan, KY Hopkins, KY
Ga! Lia, OH McLean, KY
Lawrence, OH Muhlenberg, KY

Meigs, OH Ohio, KY
Scioto, OH Union, KY
Boone, WV Webster, KY

C-abell, WV Edwards, IL

Clay, WV Gallatin, IL

Favttte, WV Hamilton, IL

Greenbrier, WV Saline, IL

jackson, WV Wabash, IL
Kanawha, WV White, IL

Lincoln, V Dubois, IN
:aso. , WV Gibson, IN
Nicholas, WV Perry, IN
Putnam, WV Pike, IN

Raleigh, WV Posey, IN
Roane, WV Spencer, IN

rumners, WV Vanderburgh, IN

Wayne, VV Warrick, IN

BEA 74 (segment): Louisville, KY BEA 62 (segment): Cincinnati, OH

Clar-k, IN Dearborn, IN

Crawford, IN Franklin, IN

Floxd, IN Ohio, IN

Harrison, IN Ripley, IN
Jefferson, IN Switzerland, IN

Oran-e, IN Boone, KY

Sc rt, IN Bracken, KY

W shinoton, IN Campbell, KY
I.ruckenridgc, KY Cz-rroll, KY

B l itt, KY Fleming, KY
". avson, KY Gallatin, KY
N ri in, KY Grant, KY

KY Kenoon, KY
frsn KY Lewis, KY

KY Mason, KY
I;)c!I, KY Owen, KY

, ' KPendleton, KY
,1 Ki Robertson, KY

Adams, OH1

Brown, OH

,,. , KY Butler, OH
Clermont, OH
Clinton, OH
Hamilton, OH
Highland, OH
Warren, OH

(Continued)
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Table A-1 (continued).

B!:A 64 (segment) Columbus, OH
Athens, OH
futrnsey, OH

iiockinq, OH
Jackson, OH
Morgan, OH
Noble, OH
Pike, OH
Vinton, OH
Washington, OH
Pleasants, WV
Ritchie, WV
Virt WV
Wcod, WV

BEA 66 (segment): Pittsburgh, PA
Garrett, MD
Belmont, OH
Harrison, OH
Jefferson, OH
Monroe, OH
Allegheny, PA
Armstrong, PA
Beaver, PA
Butler, PA

Clarion, PA
Fayette, PA
Greene, PA
Indiana, PA
Washington, PA
Westmoreland, PA
Brooke, WV
Hancock, WV
Marshall, WV
Ohio, WV7
Tyler, WV
Wetzel, WV

BEA 68 (segment): Cleveland, OH
Carroll., OH
Coilumbiana, OH



Table A-i (continued)

BEA 115 (seqnient): Paducah, KY
Hardin, IL
Johnson, II1
Massac, IL
Pope, IL
Pulaski, IL
Union, IL
Ballard, KY
Calloway, KY
Graves, KY
Livingston, KY
Lyon, KY
Marshall, KY
McCracken, KY

Source: Robert R. Nathan Associates, Inc.
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Table A-2. Chemicals and Chemical Fertilizers: Listing
of Other Industrial Chemicals, by Waterborne
Commerce Statistics Classification (WCSC) Code

WCSC 2811: Crude products from coal tar, petroleum, and
natural gas, except benzene and toluene

Ammoniacal gas liquors and spent oxide produced in coal gas
purification.

WCSC 2813: Alcohols

Glycerine, refined
Ethylene glycol
Glycol ethers
Propylene glycol
Diethylene glycol and

triethylene glycol
Polyethylene glycol
Polypropylene glycol
Methanol, including natural
Synthetic alcohols, chemically

defined, monohydric, nec.
Ethyl alcoh&?
Fatty alr-&nols, chemically

defined, C-8 and above range
Propyl alcohol (propanol)
Alcohols, nec., including

polyhydric
Butanol or butyl alcohol
Glycols, nec.
Alcohol, mixtures, C-6 through

the C-10 range, monohydric

WCSC 2819: Basic chemicals and basic
chemical products, nec.

Phenol or carbolic acid
Isophthalic acid
Coal tar and other cyclic inter-

mediate acids, nec.

(Continued)
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Table A-2. (Continued)

WCSC 2819 (Continued)

Aldrin-toxaphene group of insecticides
Polychor insecticides, nec.
Parathion and methyl parathion
Or-janic phosphate insecticides, nec.
Rodenticides, nec.
Disinfectants, deodorants and germicides
Insecticides, nec. and agricultural chemicals, nec.
Fwuigants (soil, grain and industrial)
Soil conditioners
Anethole
Chemicals for flavor and perfumery use, nec.
Chemicals as antiknock agents, excluding preparations
Papain
Rennet
Enzymes, nec.
Photographic chemicals, cyclic
Miscellaneous cyclic chemical products, nec.
Butylene
Acetylene
Ethylene
Propylene
Glycerine, crude
Alcohol mixtures above the C-10 range, monohydric
Methyl ethyl ketone
Acetone
Methyl isobutyl ketone
Formaldehyde and other aldehydes and ketones
Butyl acetate
Ethylene amines, except ethylene diamine
Ethylene diamine methylamines
Ethanolamines
Mino, DIL, and TRI-ethylene, propylene and butylene, monamines
Amines and nydroxy amines, nec.
Monosodium glutamate and products
Chemicals as collecting reagents for concentration of ores,

metals, or minerals, nec.
Caprolactam monomer
Methyl methacrylate
Ethyl acrylate monomer
Butyle, 2-etnyl hexyl and methyl acrylate monomer
Isoprene
Vegetable lecithim
Acetic acid
Maleic anhydride
Acids and anhydrides, nec.
Chloroform

(Continued)
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Table A-2. (Continued)

WCSC 2819 (Continued)

Sodium hydroxide - caustic soda-solid
Sodium hydroxide - caustic soda-liquid
Potassium hydroxide
Sodium peroxide
Oxides, nydroxides and peroxides of strontium, barium, or

magnesium
Aluminum oxide
Aluminum hydroxide
Artificial corundum or fused aluminum
Chromium oxides, anhydrides and hydroxides, pigment grades
Chromium oxides, anhydrides and hydroxides, except pigment

grades
Tin oxides
Antimony oxide
Zirconium oxide
Lithium hydroxide
Pigment grade inorganic bases, metallic oxide, hydrox and
perox, except white pigment, nec.

Inorganic bases and metallic oxides, hydroxides, and
peroxides, nec.

White pigments, inorganic, nec.
Pigments, inorganic, except white, nec.
Aluminum sulfate
Aluminum compounds, nec.
Sodium hydrosulfite
Sodium tripolyphosphate or triphosphate
Sodium phosphate
Sodium bicnromate and chrormate
Sodium cyanide
Sodium sulfate, crude and refined
Sodium borates, refined
Sodium bicarbonate
Sodium compounds, nec., excluding bleach alkalies and sodium

carbonate, synthetic and natural
Potassium compounds, nec.
Sodium carbonate or soda ash
Alkalies, nec.
Liquid air
Ammonium paratungstate
Ammonium compounds, nec. except ammonium nitrat, ammonium

sulfonitrat and ammonium sulfate
Bleaching compounds, inorganic, nec.
Silicon carbide, crude and in grains
Tungsten carbide powder
Carbide abrasives, nec., sized grains, powders and flour
Insecticides, fumigants, and inorganic except formu],
prep anu chem for retail sale

(Continued)
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Table A-2. (Continued)

WCSC 2819 (Continued)

Ethylene dichloride
Carbon tetrachloride
Trichloroethylene
Methylene cnloride
Vinyl chloride monomer
Percnloroethylene
Chlorinated hydrocarbons, nec.
Organo-fluorine compounds, nec.
Citric acid
Fatty acids
Vinyl acetate monomer
Acrylonitrile monomer
Butadiene monomer
M*et salts of fat acids (metal soaps) excluding det soaps,

plasticizers and paint and yarn driers
Miscellaneous organic chemicals, except cyclic, nec.
Oxygen
Nitrogen
helium and mixtures containing helium
Hydrogen and rare gases, nec.
hydrochloric and chlorosulforic acids
Boric acid
Pnosphoric acid, fertilizer grade
Phosphoric acid, nec.
Inorganic acids, nec.
Carbon dioxide, nitrous oxide, and carbon monoxide
Oxygen (:ompounds of non-metals or metalloids, nec.
Halides, oxyhalides, and other halogens of non-metals or
metaloids

Sulfides of non-metals or of metalloids
Zinc oxides and peroxide, pigment grades
Zinc oxides and peroxide, except pigment grades
Manganese oxides, pigment grade
Manganese oxides, except pigment grade
Iron oxides and hydroxides, pigment grade
Iron oxides and hydroxides, except pigment grade
Cobalt oxides and hydroxides, pigment grade
Cobalt oxides and hydroxides, except pigment grade
Titanium dioxide, pigment grade
Titanium oxides, except pigment grade
Ammonia, anhydrous or in aqueous solution, except fertilizer

grade
Lead oxides, pigment grade
Lead oxides, except pigment grade
Ammonia, anhydrous or in aqueous solution, fertilizer grade

(Continued)
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Table A-2. (Continued)

WCSC 2819 (Continued)

Detergent alkylate -
dcecylbenzene

Higher alkylbenzenes, nec.
Cyclohexane
Toluene DII socyanates
Phthalic acid and anhydrides
Dimethyl terephthalate
Ethylbenzene
Tetrahydrofuran
Resorcinol
Dichlorobenzene
Cumene
Ortho-Xylene
Para-Xylene
Other coal tar and cyclic

chemical inter except acids, nec.
Anti-infective sulfonamide drugs, in bulk
Acetylsalicylic acid or aspirin, in bulk
Analygesics, antipyretics, and anti-inflam-
matory agents, nec., in bulk

Antihistamines, in bulk
Anti-infective agents, nec., in bulk
Autonomic drugs, in bulk
Druc(s affecting the central nervous

system, nec., in bulk
Skeletal muscle relaxants' and tranquilizers,

nec., in bulk
Synthetic organic medicinal chemicals, nec.,

in bulk
Rubber compounding chemicals, except cyclic
Rubber accelerators, cyclic
Rubber antioxidonts, cyclic
Rubber compounding chemicals, cyclic
Plasticizers, except cyclic
Dioctyl phthalates
Phthalete anhydride ester plasticizers
Plasticizers, cyclic, nec.
Fungicides
Herbicides, 2, U-D, and 2, 4, 5-T, including

salts and esters thereof, as parent acid
Herbicides of pentachlorophenate and of
mercury

Herbicides, nec.
Dichlorodiphenyl trichloroethane (DDT)

(Continued)
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Table A-2. (Continued)

WCSC 2819 (Continued)

Fungicides - inorganic forms of copper, sulfur and metallic
chemicals except prepared electricity for retail sale

herbicides and defoliants, inorganic, except formulation
prepared and chemical for retail sale

Calcium carbonate, precipitated, except pigment grade
Calcium chloride
Diealcium phosphate
Inorganic chemicals, nec., except medicinals
Inorganic medicinal chemicals, nec., in bulk

WCSC 2891: Miscellaneous Chemical Products

Chlorine
Sulfur, processed, ground and screened, refined, sublimed,
precipitated, etc.

Quicksilver or mercury
Carbon black, contact - include channel
Carbon black, furnace, except lampblack
Carbon, except gas carbon, and other
Blacks of carbon, including lampblack
Elemental phosphorus
Selenium metal
Chemical elements, nec.
Inks, printing
Orange oil
Le.,mon oil
Citrus oils, nec.
Peppermint oil
Spearmint oil
Cedarwood oil, clove oil and nutmeg oil

Source: Prepared by Robert R. Nathan Associates, Inc. from
U.S. Foreign Trade Statistics Classification of Foreign Commod-
ities Exported from U.S.
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B. Associations, Government Agencies,

Educational Institutions

Manufacturing Chemists Association, Washington, D.C.
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Tennessee Valley Authority, National Fertilizer Development
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Shell Oil Company, Houston, Texas
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