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LETTER OF TRANSMITTAL

DEPARTMENT OF THE ARMY
WASHINGTON, D.C. 20310

July 15, 1968

Honorable John
Speaker of the
Washington, D.

W. McCormack
House of Representatives
C. 20515

Dear Mr. Speaker:

I am transmitting herewith a report of the Chief of Engineers,
Department of the Army, together with the report of the District
and Division Engineers on the re-evaluation of the navigation

features of the project for the Trinity River, Texas. In accord

with the authorization in the River and Harbor Act of 1965, P. L.

89-298, the re-evaluation was based on current criteria.

The Bureau of the Budget states that there would be no objection

to the submission of the report to the Congress. A copy of the letter

from the Bureau of the Budget is inclosed.

Sincerely yours,

Incls
as

STANLEY R. RESOR
Secretary of the Army

V
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COMMENTS OF THE BUREAU OF THE BUDGET

EXECUTIVE OFFICE OF THE PRESIDENT

BUREAU OF THE BUDGET

WASHINGTON, D.C. 20503

OFFICE OF
THE DIRECTOR

July 15, 1968

Honorable Stanley R. Resor
Secretary of the Army
Washington, D. C. 20310

Dear Mr. Secretary:

Mr. Robert E. Jordan's letter of July 1, 1968,
submitted the report of the Chief of Engineers on
the re-evaluation of the navigation features of
the Trinity River project, Texas. The project
was authorized in the Rivers and Harbors Act of
October 27, 1967, P.L. 89-298, subject to the
provision that prior to expenditure of any funds
for construction of those features designed ex-
clusively for navigation, the Chief of Engineers
shall submit to the Congress a re-evaluation based
upon current criteria.

You are advised that there would be no objection
to the submission of the report to the Congress.

Sincerely yours,

Charles JZw
Direc or
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TRINITY RIVER AND TRIBUTARIES, TEXAS

REPORT OF THE ACTING CHIEF OF ENGINEERS, DEPARTMENT
OF THE ARMY

DEPARTWi2NT OF THE ARMY
OFFICE OF THE CHIEF OF ENGINEERS

WASHINGTON, D.C. 20315

iN REPLY REFER TO

ENGCW-P 28 June 1968

SUBJECT: Trinity River and Tributaries, Texas Navigation Project

TO: THE SECRETARY OF THE ARMY

1. I submit for transmission to Congress the report of the District
and Division Engineers on the reevaluation of the navigation economics
of the authorized comprehensive improvement of the Trinity River,
Texas. The project was authorized by the Rivers and Harbors Act of
October 27, 1965, Public Law 89-298, in accordance with the reports in
House Document No. 276, 89th Congress, 1st Session, but subject to the
provision that prior to expenditure of any funds for construction of
those features designed exclusively for navigation, the Chief of Engi-
neers shall submit to the Congress a reevaluation based upon current
criteria.

2. Basis for Reevaluation

This reevaluation is limited to those features of the authorized
project designed exclusively for navigation. The criteria used for
analysis of traffic and savings are those set forth in Section 7 of the
Department of Transportation Act, Public Law 89-670, approved October 15,
1966. The estimates of prospective traffic are based upon a field survey
of traffic moving in the Trinity River tributary area completed in March
1967. Transportation rates and charges, analyses and forecasts of eco-
nomic activity in the- t-ributary area, and estimated construction costs
are based on current data and 1967 price levels. The estimated costs of
features exclusively for navigation are copuuted as the difference
between the estimated costs for a single-purpose flood control channel
on the best flood control channel alignment and the estimated costs for
a multiple-purpose channel to serve flood control and navigation needs.

3. Navigation Features of Authorized Project.

The authorized project provides for a multiple-purpose channel for
navigation, flood control, recreation and fish and wildlife purposes
extending from the Houston Ship Canal along the general course of the

Trinity River to Dallas and Fort Worth, Texas, a total distance of

362.8 miles. The navigation features of the plan include a navigation

channel 12 feet deep and 150 feet wide on the bottom, with spur channels

1



to turning basins 400 feet square at Dallas and Fort Worth; 23 navigation

locks, including 19 locks 84 feet wide by 600 feet long below Dallas
(including the lock at Walisville Dan) and 4 locks 56 feet wide by 400
feet long between Dallas and Fort Worth, and 19 navigation dams; the
existing navigation channel from the Houston Ship Channel to Liberty,
Texas; and the pools of the Wallisville, Livingston and Tennessee Colony
Reservoirs. The plan also includes appropriate alterations to existing
bridges and utilities to provide navigation clearances, related access
and recreational facilities, and necessary aids to navigation.

4. The engineering features of the project plan were reviewed for
adequacy on the basis of the estimates of prospective commerce. It was
found that the prospective commerce would exceed the physical capacity
of the plan proposed in the project document. Based on the studies
carried out in this review it was determined that the 84-foot by 600-foot
locks below Dallas were adequate, but Lock No. 18 at Dallas should be
increased to 84 feet by 600 feet, and the remaining three locks between
Dallas and Fort Worth should be increased to 84 feet by 400 feet. It
was found also that the channel bottom-width should be increased to 200
feet, the minimum required for the passing of two 5-barge tows with
reasonable ease and safety. It was also determined that elimination of
three locks below Dallas and increasing the lifts of four of the remaining
locks would result in substantial savings in both project construction and
barge operating costs.

5. Provisions for IncreasingCapacity

The lock capacity studies indicated that the initial system would not
hava sufficient capacity to pass the prospective commerce throughout the
project life. Consideration was given to providing additional capacity
by constructing larger locks initially or by constructing additional
parallel locks when required in the future. The latter method offers
greater flexibility in conforming to future demands in addition to mini-

L~mii costs and was adopted. Based on the traffic projections five of
he locks below Dallas would require duplica addiis in 2014, the 29th

year of the project life, and seven addition :cBs below Dallas would
require duplication by the 48th year. Five o. the locks below Dallas
any the three locks between Dallas and Fort !orth would not require
duplication during the 50 year project life. Concurrent with the ad-
dition of the first duplicate lock, the navigation channel would be
widened to 250 feet. Since the operation of the additional locks will
tax the amount of river water available for navigation, the modified plan
includes pumps and appurtenances at each duplicate lock for pumping water
back to the upper pools to permit its reuse for lockages.
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6. The Modified Plan

The modified plan recommended by the District Engineer provides
initially for a channel with a minimum depth of 12 feet, 200 feet wide,
extending 362.8 miles from the Houston Ship Channel in Galveston Bay to
Fort Worth, with spur channels to turning basins 400 feet square at
Dallas and Fort Worth; 20 locks and 16 dams, including the Wallisville
lock and dam which were separately authorized. The 17 locks from the
Houston Ship Channel to Dallas (from the Wallisville lock through Lock
No. 18) would be 84 feet wide by 600 feet long, while the last three
locks between Dallas and Fort Worth would be 84 feet wide by 400 feet
long. The plan also provides for future widening of the channel to 250
feet and the addition of duplicate locks with facilities for pumping
back water to provide additional traffic handling capacity. All bridges
and utility relocations would provide clearance for the ultimate
channel width, with bridge alterations providing a minimum of .300 feet
between piers with minimum vertical clearance of 52 feet above the water
surface that will not be exceeded over two per cent of total time. The
plan includes all necessary appurtenances, including aids to navigation,
access roads, operating equipment and buildings and recreational facili-
ties.

7. Traffic Survey

A traffic survey conducted by the District Engineer found that 137
million tons consisting of 132 commodities moved in the study area in
1966. Data on commodity movements were obtained from 3,440 shippers and
receivers. It is estimated that the reported totals obtained through
the field traffic survey represent about 90 per cent of the full barge
potential traffic that moved in the tributary area in 1966.

8. Traffic Analysis

Based on the traffic movements in the tributary area in 1966, it was
determined by screening that slightly over 17 million tons aggregating
36 commodities were adaptable to barge movement. The movements were
subjected to a detailed rate analysis to determine whether a savings
could be achieved by movement on the Trinity waterway and, if so,
whether the savings would be sufficient to attract the movement to the
waterway.

9. Prospective Base-Year Waterway Traffic and Savings

Based on the rate analysis and the competitive effects of the
Arkansas and Red River navigation projects, the 1966 base-year traffic
accepted by the District Engineer as prospective commerce on the Trinity
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waterway totaled 8.628 million tons. (4.696 million tons upbound and

3.932 million tons downbound). Estimated transportation savings computed

as the difference in rates and charges from origins to destinations
between existing movements and movements with use of the Trinity waterway

totaled $10,685,000 for the base-year 1966.

10. Special Cormrmodity Studies

Three commodity groups iE.e., grain, sand and gravel, and iron and
steel products account for approximately 86 per cent of the tonnage and
74 per cent of the savings in the base-year. Because of the obvious
importance of these commodities to analysis of the waterway, special
studies including the use- of expert consultants were made to investigate

the present and probable futuretrelationship sce e market areas and
supply sources and other factors that could be elected to determine or
influence the movement of these commodities on the waterway.

11. Projections of Base-Year Traffic and savings

Projections were made of base-year traffic and savings for the life

of the waterway 1985-2035 using as economic indicators of future growth
of the economy of the tributary area population, value added by manu-
facture, shipments of iron and steel, value of farm products sold, value
of new construction contracts, and export grain. Through the use of

these indicators, the District Engineer estimates that by 2035 waterway

traffic will increase to 93,751,000 tons and savings to $130,772,000.

12. Average Annual Benefits

The District Engineer estimates that the average annual benefits for
the navigation features of the authorized comprehensive Trinity River
project for the 50-year period 1985-2035 total $51,943,000 as summarized
in the following table:

SU MIARY OF BENEFIT S

Item Average Annual Benefits

Transportation savings $48,041,000
Extended life of existing bridges 549,000

Recreation and fish and wildlife 3,302,000

Economic development 1,887,000

Subtotal $53,779,000

Less increased cost to vehicular traffic
on highway bridges - 1,836,000

TOTAL BENEFITS $51,943,000
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13. Cost of NvigationFeatures

The cost of features exclusively for navig;at:i<.o:n the District

Engineer's report is the difference in t.he es e_.d costs of the

multiple-purpose channel and a single--purpose flod control channel on
an alignment best suited for flood control. The first cost of the
features proposed for initial construction is estimated at $591,478,000.
The cost of future construction, estimated at $210,911,000, discounted
to its worth in 1985 the. first year of project operation amounts to
$73,827,000. The estimates of investment include interest during con-
struction. The estimates of investment and annual charges based on a

50-year project life and 3.25 per cent interest are as follows:

Investment

Initial Construction $673,595,000
Future-Construction 78,583,000

Total Investment $752,178,000

Annual Charges

Interest & Amortization $ 30,636,000

Operation, Maintenance &
Replacement 4,89,000

Total Annual Charges $ 35,465,000

14. Project Justification

A comparison of the average annual benefits amd costs in the District

Engineer's report indicates that the ratio of benefits to charges is 1.5.

15. Review

As part of overall review of the District Engineer's report in my

office, the reasonableness of the assumptions for estimating traffic and

savings on the waterway were evaluated. This evaluation was made with

respeq:t to rates for alternative movements, unit savings, and present

and future supply sources and markets, and applied to the major commodity
movements. This review indicates that the assumptions used to screen

prospective traffic movements and to calculate the resultant savings are

realistic, and that the District Engineer's overall evaluation of the project
is reasonable.
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16. Conclusions

I concur in the conclusions of the Ditrict and Division Engineers
that the improvement of the Trinity River for navigation, evaluated upon
the basis of current criteria, is justified.

F. J. CLARKE
Major General, USA
Acting Chief of Engineers
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U. S. ARMY ENGINEER DISTRICT, GALVESTON
CORPS OF ENGINEERS
GALVESTON, TEXAS

May 29, 1968

SUBJECT: Trinity River, Texas, Comprehensive Improvement Project -
Reevaluation of Navigation Economics

THROUGH: Division Engineer
U. S. Army Engineer Division, Southwestern
Dallas, Texas

TO: Chief of Engineers
Department of the Army
Washington, D. C.

AUTHORIZATION OF PROJECT

1. The project for comprehensive improvement of the Trinity River,
Texas, was authorized by the Rivers and Harbors Act of October 27, 1965,
Public Law 89-298, in accordance with the reports in House Document
No. 276, 89th Congress, 1st Session. The authorized project provides for
a multiple-purpose channel extending from the Houston Ship Channel to
Fort Worth, Texas; for four multiple-purpose reservoirs, including one on
the main stem of the river, and three on tributary streams; and for five
local flood protection projects, including four in the Fort Worth-Dallas
area and one at Liberty, Texas; and facilities for water quality improve-
ment. The project was authorized as recommended by the Chief of Engineers,
except that the recommendations of the Board of Engineers shall apply and
that prior to expenditure of any funds for construction of those features
designed exclusively for navigation, the Chief of Engineers shall submit
to the Congress a reevaluation based upon current criteria.

PURPOSE AND SCOPE OF REEVALUATION

2. In H. R. 973, the Committee on Public Works of the House of
Representatives presented its views and recommendations on items
contained in the authorizing Act, Public Law 89-298. With respect to the
improvements to the Trinity River and Tributaries, Texas, the committee
stated that the economic analysis for reevaluation of the navigation
features of the project should be based upon current standards and current
criteria as to the assumed useful life of the navigation portion, and
upon improved and more current data with respect to the growing volume
of commodity shipments available for barge traffic via the canal.

3. This reevaluation and report is limited to reanalysis of those
features of the authorized project designed exclusively for navigation. The
criteria used for analysis of traffic and savings are provided by Section 7
of the Department of Transportation Act, Public Law 89-670, approved
October 15, 1966. The estimates of prospective traffic are based
upon a field survey of traffic moving in the Trinity River tributary area
completed in March 1967. All transportation rates or charges, all

10



anlyses and forecasts of economic activity an the tributary area,
and all costs estimated for construction of the navigation features are
based upon current data and 1967 price levels. The estimated costs
of features exclusively for navigation are cpted as the difference
between the estimated costs for a sipgla-purpose flood control channel
on the best flood control channel alignent and the estimated costs
for a multiple-purpose channel to serve for flood control and navigation,
including related general and fish and wildLife recreation, and located
along an alignment suitable for barge navigation. The reanalysis period
is based upon an assued ueful life period of 50 years for the
navigation features, beginning in the year 1985 and ending in 2035.
AU computation of interest are based on a rate of 3.25 percent0

DES I 0?OF NAVIG TION FTUES OF PROJECT PLAN

4. The authorized project r.r d~es for a multiple-purpose
channel for navigation, flood con rol recreation and fish and wildlife
pQroses extending from the Houston "hip Cannel along the general
,ourse of the Trinity River to Fort Worth, Tas, a total channel
distance of 362.8 4les. The navigation features of the plan include
the navigation channel 12 feet deep and 150 feet vide on the bottai,
with spur channel to turning basins 400 feet sqre at Dallas and

r Worth, 23 'avigation l o) s in zLuing 9 locks 84 feet wide by
600 feet long below Dallas and 4 looks 56 feet side by 400 feet long
between Dalla and Fort Worth, and 19 nay.gation dams. The project
includes the existing navigation channCl fr-.m the Houston Ship Channel
to Liberty, Texas, the pools of the Wlli villi, U .ngston, and
Tennssse Colony reservoirs, and the navigation look at the Wallisville

( :o The plan also in l&es appropriale alter ions to existing bridges
X151 it es to pro Cd v tion olern , related access and

%ecre tion L f i1ltie, &nd e alde to n igation0

MODIFICATiON TO 1THEPRO ;.TMFAS

5h The ri ,o the -Jact 1 were reviewed
for caeq y in Asoation th t - tes of prospective
' erI. It was fond that the propeo i. c ere would exceed
the hysi.al cap ity of the pan p roo i5nthe project docuent.
Vario com na ion of lock siles an hanral diAeneions were

st ed to develop an otim t obi at ion capable of handling the
Narge to W re2Squred to ary ptOptiv' OOm i. The determination
of lc " ik tss inrr v a odetaile ana yei of the esti ated nuber
oF tu g, both py an loaded and in ,:^I a dowbound move-

-ent, that ,ld travsit th -o ks iwas fond that below
S alae, a toa to w ld consi t of a towoat and five bargee,
35 (aet ise and 1 5 est log ILth loadE. da of IC feet. Between
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Dallas and Fort Worth, the typical tow would consist of a towboat
and three barges. Depending upon the commodities carried, the
average load per barge would range from 500 to 1,625 tons. The
routing of barge tows through the locks was based on a maximum of
21 lockages per day at any one lock. With average loading of barge
tows and normal operating conditions for the locks, it is estimated
that up to 30 million tons of commerce annually could be passed
through the locks 84 feet wide by 600 feet long, and up to 25
million tons annually could be passed through locks 84 feet wide by
400- feet long.

60'Lock and channel sizes.- Based upon these studies, it was
determined that the 8K-foot by 600-foot locks below Dallas were
adequate, but the first lock above Dallas should be increased to
84 feet by 600 feet, and the remaining three locks between Dallas
and Fort Worth should be increased to 84 feet by 400 feet0o It
was found also that the channel width should be increased to 200
feet, the minimum required for the passing of two 5-barge tows with
reasonable ease and safety. The studies of the lock system showed
that eliminating three locks below Dallas and. increasing the lifts
of four of the remaining locks would result in substantial savings
in cost

7. Provisions for increasig capacit 0  The lock capacity
studies also showed that the 84foot by 600-foot locks would not
have sufficient ,capacity to pass the prospective commerce throughout
the project life. Consideration was given to providing additional
capacity by constructing larger locks initially or by constructing
additional parallel locks, when required in the future o The latter
method is considered to offer greater flexibility and conformance
to future demand and was %dopted0  Projections of the prospective
commerce indicate t locks below Dallas would require duplicate
additions in 2014, or the 29th year of the project life o Additional
duplications would be required in subsequent years until the final
three would be added in 2032, or the 47th year of the project. The
three upperost l s between Dallas and Fort Worth would not require
duplication during the project life, The Wallisville lock would
be duplicated in the 31st year of the project0  The navigation
channel would be widened to 250 feet when the first duplicate lock
is construct 0 Sinace the operation of additional locks will tax
the amount of river water aailable for navigation, the plan in
clude pumps a ap0uenance a t each duplicate lock for pumping
water ba, to the u:per pools to permit its reuse for lockageso

8. Modified plan0  The modified plan, shown on plates 1 and
2, provides essentialyI for a channel 200 feet wide, a minimum depth of
12 feet and 3628 miles long extending from the Houston Ship Channel in
Galveston Bay to Fort Wo th9 with spur channels to turning basins
400 feet square at Dallas and Fort Worth. Nineteen locks and 15
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navigation dams would be constructed initially, exclusive of the
Wallisville reservoir lock, and dam, which are separately authorized.
The 17 locks from the Houston Ship Channel to and including the first
lock above Dallas, and including the Wallisville lock, would be 84
feet wide by 600 feet long, while the last three locks from Dallas
to Fort Worth would be 84 feet wide by 400 feet long. The plan provides
for future widening of the channel to 250 feet and installation of
duplicate locks and water pumpback facilities to provide additional
traffic handling capacity when required, with the first such additions
estimated to be required in 2014, the 29th year of the project. All
bridges and utility relocations would provide for the full channel
width, with bridge alterations providing a minimum of 300 feet between
piers with minimum vertical clearances of 52 feet above the water
surface that will not be exceeded over 2 percent of total time. The
plan includes all necessary appurtenances, including aids to navigation,
access roads, operating equipment and buildings and recreational
facilities.

TRAFFIC SURVEY

9. The results of the last comprehensive study of prospective
commerce and traffic on the authorized barge navigation project on.
the Trinity River were published in House Document No. 276, 89th
Congress, 1st Session. The estimates contained in that document
were based on data compiled from a field survey of traffic moving
in the tributary area in 1958. For this economic restudy of the
navigation features of the plan, a completely new survey of the
present development of economic and transportation conditions
existing in the traffic area was made. This field traffic survey
was completed in March 1967 and the data compiled were on traffic
moving in the tributary area during 1966.

10. Description of traffic area.- The traffic area is defined
as the area that could be served at a savings by barge transporta-
tion of commodities on the authorized Trinity River project between
the Houston Ship Channel and Fort Worth, Texas. Considering the
patterns of traffic moving on existing modes of transportation
throughout the area and the relationship of the authorized Trinity
River waterway to the authorized waterways in the Arkansas River
to Catoosa, Oklahoma, and the Red River to Daingerfield, Texas,
the traffic area was delineated, as shown on figure 1. The traffic
area covers 144 Texas counties, 25 Oklahoma counties, 4 New Mexico
counties, and 3 Colorado counties, with a total of about 171,000
square miles. The traffic area extends over a region roughly three
times the size of all the six New England states. The area includes
several large cities, abundant natural resources, important
agricultural production, and rapidly increasing importance in
manufacture.
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11. Field canvass of traffic.- The list of shippers and
receivers of commodities to be canvassed in the traffic area was
compiled from state and city industrial directories, chambers of
commerce and other membership lists, and the Dun and Bradstreet
Reference Book of Manufacturers. From these sources, firms were
selected giving consideration to such factors as location, size
of firm, type of business, manufacturing or processing activity,
and adaptibility of raw materials or processed items to barge
transportation. By interviews and correspondence field survey
teams obtained information from 3,440 shippers and receivers con-
cerning movement of commodities in the traffic area in 1966. Data
on grain movements pertained to the 1965 production year, the most
recent year for which transportation data were available. The
data solicited by the field survey teams included identification
and use of commodities, origin and destination points, present
means and routing of transportation, amounts shipped and frequency
of shipments, scheduling requirements for receipt or shipment, pre-
sent rates or charges for transportation, and the interest.of the
firm in waterway transportation on the Trinity River as an
alternate or supplement to present mode of transportation. The
field traffic survey resulted in reported movement of 132
commodities in the tributary area in 1966 totaling almost 137
million tons., The survey involved a selective process for
determining firms to be solicited and a small number of the firms
that were solicited declined t'o furnish information. Accordingly,
the information obtained represents somewhat less than the total
amount of barge potential traffic that moved in the tributary
area in 1966. Based on analysis of the data obtained and com-
parison between areas where essentially full coverage was ob-
tained and those of lesser coverage, it is-estimated that the
reported totals obtained through the field traffic survey repre-
sent about 90 percent of the full barge potential traffic that
moved in the tributary area in 1966.

12. Traffic analysis.- The raw traffic data obtained by
the field traffic survey were carefully reviewed to eliminate
all commodity movements that obviously had no potential for
being moved as waterway traffic on the Trinity River project.
The balance of the potential traffic was then examined to
eliminate duplications and to eliminate commodities that were
not barge adaptable or that would not likely use the Trinity
waterway because of insufficient volume, circuitous routing,
excessive transfer costs,.trasit privileges on existing
transportation modes, etc. After these preliminary screening
procedures, the remainder of the traffic, aggregating 36
separate commodities and slightly over 17 million tons, was
analyzed on a specific movement and rate comparison basis to
determine whether a savings could be achieved by movement on the
Trinity waterway and, if so, whether the savings would be sufficient
to attract the movement to the waterway. The analysis is discussed
in the commerce section of this report.
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SPECIAL STUDIES

13. General.- In the previous analysis of the authorized
Trinity River waterway, published in House Document No. 276, 89th
Congress, 1st Session, it was found that about 89 percent of the
total prospective commerce comprised shipments of grain, iron and
steel articles, and sand and gravel. Because of the obvious impor-
tance of these commodities to the waterway analysis, special studies
were made to investigate the present and probable future relation-
ship between market areas and supply sources and other factors
that could be expected to determine or influence the movement
of these commodities on the waterway. A professional resource
analyst was retained to make the study of sand, gravel and stone,
and a professional market analyst performed the iron and steel
study. The grain study and analysis of prospective waterway
commerce in the other commodities were made by transportation
specialists of the Corps of Engineers.

14. Grain study.- In this study, it was found that the only
grains of significance to the authorized waterway are wheat and
grain sorghum. The study included the identification of produc-
ing areas and determination of quantities produced, present
marketing patterns, modes of transportation, and transportation
charges to the extent that these could be ascertained. The
transportation requirements for grain are unique. The total
production is harvested in a relatively short period of time
and must be moved immediately to market or storage to avoid
spoilage or extensive deterioration of quality. The annual
production of grain may vary considerably from year to year
due to the vagaries of weather and the application of government
agricultural policies. This production moves into both the
domestic and export marketing and storage centers located
within the Trinity River tributary area at Fort Worth, Galveston,
and Houston. Historically, the early dependence on rail move-
ment for transportation oriented the extensive storage facilities,
required both in the producing areas and in the marketing and
milling centers, to rail serviced locations. With the construction
of extensive highway networks, the almost total dependence on
rail transportation has been reduced and truck transportation has
become a significant factor in the movement of grain. For
competitive reasons, the railroads have introduced and maintained
many special provisions such as quantity rate reductions, stop-
over privileges for processing and other features designed to
attract and hold the grain for rail transportation. With the
peak transportation at harvest time, the capabilities of both
the railroads and the trucks are severely taxed. The trucks
usually operate as unregulated carriers and, for the most part,
are privately owned and operated under contract arrangements.
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With many special services provided on rail movements and the
complicated and varying arrangements for truck movements,
the actual charges paid for grain transportation are very difficult
to determine.

15. Based on historical data, 1965 was selected as being
representative of a normal production year for wheat and grain
sorghum and the transportation of the production for that year
was analyzed in the grain study, About 948 million tons of wheat
and 805 million tons of grain sorghum were produced in the tributary
area in 1965. Of this amount, about 303 million tons, or 31 percent
of the export wheat and about 0O31 million tons, or 4 percent of the
export grain sorghum moved to the export market ports by truck0
Another 59 percent of the wheat and 86 percent of the grain sorghum
moved either by rail to domestic markets, export markets, or storage
or by truck to domestic markets or storage0 The remaining 10 percent
of both grains were indeterminate because of the variable factors
affecting the mode of movement.

16. Sand, gravel and stone study 0  The principal uses of
send, gravel and stone are associated with the construction industry
for use as aggregates in reinforced concrete construction. The two
major market areas in the Trinity River tributary area are the Dallas-
Fort Worth and Houston-Galveston metropolitan areas. These areas and
the present ;and prospective sources of supply for these materials are shown
on plate 3. A professional resource analyst was retained to determine the
distribution of existing and future sand, gravel and stone resources and
their relation to the market demands of the two major market areas0o The
resource analyst s study determined that over 30 million tons of sand,
gravel, stone and oyster shell were produced in the Trinity River tributary
area in 1966. About 12.7 million tons of sand, gravel and stone moved to the
Dallas-Fort Worth area, About 6.1 million tons of oyster shell and
llO4 million tons of sand, gravel and stone moved to the Houston-
Galveston area0  The major supply sources for the Dallas-Fort Worth
market are now the nearby Gr nd Prairie and Seagoville deposits in the
Trinity River basin and the limestone deposits in the Chico-Bridgeport
area. The principal supply sources of concrete quality sand and gravel
to the Houston-Galve ston maket are the Columbus-Eagle Lake-Altair
and La Grange deposits on the Colorado River and the Victoria area
deposits on the Guadalupe River west of Houston. An abundance of low-
grade fine sand is available and supplied locally from the nearby
San Jacinto River and from deposits on the Trinity near Dayton-Liberty.
The special study involved investigation of the existing and projected
future market demands and identification of probable supply sources for
these demands, with and without the Trinity River waterway. The
feasibility of using substitute materials was investigated, including
the use of manufactured aggregates from crushed stone in lieu of sand
and gravel, and the use of limestone for manufacture of cement in
plants along the Gulf coast in lieu of oyster shells from coastal
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bays. The resource deposits now serving the market areas were -
identified and estimates of remaining quantities and probable
depletion dates of the deposits were made. The current means of
transportation were investigated and information on transportation
charges, handling and switching charges and production costs of
the materials were obtained to the extent possible. The industry is
highly competitive with a large part of the operations being conducted
by a relatively small number of major producing companies. To a
large extent, the major producers conduct integrated operations from
production to marketing, with a major marketed product being transit
mix concrete.

17. The study indicated that most of the major deposits
of gravel and oyster shell now supplying the Houston-Galveston
market area and the deposits of sand and gravel now serving the
Dallas-Fort Worth area would be depleted within the next 30 years.
With the exception of oyster shell production from coastal bays and
production of sand from the San Jacinto River near Houston and the
Urbana-Romayor area on the Trinity River, practically all existing
deposits are worked by dry-land equipment in pit operations. With
depletion of the gravel deposits serving the Houston-Galveston area,
major relocations of sand production will occur, even though some
sand will remain in the present areas. This is explained by the
fact that the deposits comprise mixtures of sand and gravel and,
in the process of producing these materials, the excess sand is
mixed with the removed overburden and is used to backfill worked
deposits. The sand wasted in this manner is not commercially
recoverable at any future date. When gravel is exhausted from these
deposits, it is expected that sand production will also cease and the
market void will be filled by increased production of the quality
sand deposits located in the Urbana-Romayor area on the Trinity River.

18. All evidence indicates that many of the existing major
market supply sources will not be producing sand and gravel in
appreciable quantities during the project life of the Trinity
waterway. In his study, the resource analyst identified known reserve
deposits of sand, gravel and stone that will be worked and used to
supply the market demands when present sources are exhausted. The
data included locations and estimates of the quality and recoverable
quantities of the materials in the various deposits. Numerous locations
of suitable deposits were identified, both in and out of the Trinity
River basin. Significant sources of quality sand and gravel that
could serve the Dallas-Ft. Worth market are located in the Brazos
River basin between Mineral Wells and Waco. The Chico-Bridgeport
area has unlimited supplies of hard limestone that can be crushed for
quality coarse aggregates. The deposits are the principal source
of large size aggregate. Similarly, sources of coarse aggregate for
the Houston-Galveston market are located in the sand and gravel
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deposits of the Colorado and Guadalupe River Basins until depletion
in the year 2000. The Georgetown-San Antonio area offers a supply
source for coarse aggregates from crushed limestone in the years
beyond. Sources of quality sand for concrete use are located in the
deposits of the Colorado and Guadalupe River basins and will be
produced along with gravel to the year 2000. Subsequent to 1980 in
the Dallas-Ft. Worth Region and 2000 in the Houston-Galveston Region,
the deposits located on the Trinity River have the largest potential
for satisfying the quality sand demands of both regions. The
deposits to serve Dallas-Ft. Worth are located southward from the
Seagoville area to the Trinidad and Oakwood areas. Deposits farther
south in the Urbana area, have significant potential for serving
the Houston-Galveston area in the future.

19. The projected market demands of the Dallas-Fort Worth
and Houston-Galveston market regions during the project life
period of the Trinity River waterway were related to the
probable sources of supply without the waterway in existence,
and the results of this analysis were compared with a similar
analysis made on the basis of the waterway being in existence.
The principle difference found in the Dallas-Ft. Worth Region was
in the percentage of the total market demand that would be supplied
by the Trinity River deposits below Seagoville. Without the
waterway and with the present nearby deposits depleted, it was found
that both the Brazos River and the Trinity River deposits will be
primary sources of quality sand and coarse aggregate 3/1+" or less in
size. The Chico-Bridgeport area will be the primary source of
coarse aggregate 3/11" greater in size with or without the waterway.
The Brazos River reserves are expected to contribute sand and some
gravel to the region with or without the waterway. With the
waterway, however, the Trinity River deposits are expected to
capture a portion of the Brazos River production south of Cleburne
because of lower transportation costs. The Houston-Galveston
Region will be served by the Colorado and Guadalupe River reserves
for quality sand and gravel without the waterway until the year
2000. At this time the source of coarse aggregates will shift
to crushed limestone from the San Antonio-Georgetown deposits,
while concrete quality sand will be supplied by the Urbana-
Romayor reserves located on the Trinity River. With the waterway,
significant transportation savings can be realized on shipments
of the sand and small gravel from the Urbana-Romayor area.

20. Based on the analyses of projected market demands and
the supply sources discussed above, it is estimated that, with
the Trinity River waterway in existence, the Trinity River deposits
would supply about 25 percent of the total aggregate demand of 12.7
million tons in the Dallas-Fort Worth area and about 15 percent
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of the total aggregate demand of 17.5 million tons in the Houston-
Galveston area during the project life period. The estimates
of prospective commerce and transportation savings from these
commodities are discussed in subsequent sections of the report.

21. The possibility that a savings in production costs. of
sand and gravel might be achieved through the use of hydraulic mining
methods, as opposed to dry pit mining methods, was recognized
and investigated. Some data relative to production costs by
both methods were obtained and were found to vary considerably.
No general conclusion could be reached that production costs
are cheaper by one or the other of the methods. The costs and the
choice of method are affected by numerous factors, including ,
depth of overburden material, depth of mineral deposit, ratio. of
sand to gravel in the deposit, rate and uniformity of output
required to meet market demands, leasing terms.with respect to
land owners, and several others. It was concluded that extensive
investigation on an individual deposit basis would be required
to fully assess the savings potential from this source. Sufficient
data and time were not available to determine whether or. not a
savings in production costs could be achieved from hydraulic
mining methods and, if so, whether it could be attributed solel,
to the existence of the waterway.

22. Iron and steel study.- The field traffic survey re-
sults were used to develop the estimates of prospective iron
and steel traffic for the Trinity River waterway. However, in
view of the importance of these commodities in the overall
economic analysis, it was considered appropriate that special
attention be given to their production, marketing, and transpor-
tation to assure reliable estimates with respect to tonnages and
transportation savings with the waterway in operation. A
professional market analyst was employed to investigate the iron
and steel economy of the tributary area and its relationship
to major production centers in other parts of the country.

23. The analyst made an analysis of the production of
iron and steel in the major steel producing centers and related
the production to distribution in the major market areas of the
Trinity River trade area. The portion of the iron .and steel
directly related to petroleum exploration and production was
identified and its destination areas were determined. It was
found that petroleum related iron and steel were of relatively
small importance as items of potential commerce on the Trinity
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waterway 0  Based on market demands and forecast production
activity, the analyst estimated the future iron and steel
requirements for the tributary area and the probable sources of
supply to meet these requirements0  When adjusted to the same
time frame and balanced with the projections used in the traffic
analysis, the results obtained by the analyst agreed closely
with the estimates of prospective waterway commerce, which were
based on the field traffic canvass of receivers and shippers of
iron and steel articles in the tributary area. The estimates of
prospective commerce in iron and steel are discussed in the
commerce section of this report0

DEVELOPMENT 'OF TRANSPORTATION RATES AND CHARGES

24. GeneralO.- Each shipper and receiver interviewed by
the traffic survey team was asked for information on rates,
handling charge s, switching charges, and transfer charges
actually being paid to move the commodities by the transportation
modes and routings used by his company. In many cases, these
rates and charges were unknown or were not available at the
time of the interview0  Additionally, the transportation economics
analysis of a waterway not in existence required rate determinations
on numerous commodity movements, for which there are no existing
rates or associated charges0  Obviously, there are no existing
or published rates for transportation on the waterway itself.
In the case of the Trinity waterway, certain portions of its
area of influence are determined by the competitive relationship
of the Arkansas River navigation project to Catoosa, Oklahoma,
which is under construction, and the authorized but unconstructed
Red River navigation project to Daingerfield, Texas0  There are
no existing rates for transportation on either of these competitive
waterways0  Also, certaincommodity movements expected to use
the waterway do not exist at the present time0  For example,
the present principal supply sources of sand and gravel for the
Dallas-Fort Worth market will be virtually exhausted prior to
construction of the waterway0  Other supply sources will be developed
involving transportation'movements different from those of the present
sources0  For commodity movements where no specific rates are now in
existence, constructed or estimated rates were developed, along with
appropriate associated charges, including handling, switching,
transfer, etc0
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25. Rail and combination rates.- Because of the complex
rail rate structure and the necessity for constructing valid
rates where no published tariff exists, the services of a

commercial freight traffic bureau were obtained. The services
were supplied by a leading firm in the area having intimate
knowledge of southwest region rates. On the basis of specified
commodity movements between designated origin and destination
points, the traffic bureau furnished the lowest published rail
rates, along with handling, switching and transfer charges, in
effect as of March 31, 1967. Where a class rate only was
published, a commodity rate was constructed from commodity rates
available between similar points and considered comparable.
The traffic bureau furnished over six hundred rates for 4+5
general commodity movements by rail, and combinations of rail-
barge and rail-ocean (seatrain), including the citation of
appropriate tariff authorities for the rates. The traffic
bureau also constructed almost 250 handling and switching-
transfer charges. The rates, minimum weight applications, and
charges were carefully reviewed by traffic specialists of the
Corps of Engineers for accuracy, appropriate applications, and
comparability with rates for similar commodity movements
developed in other studies. A few revisions to some overland
rates and minimum weight applications were made during the traffic
analysis.

26. Truck and combination rates.- The determination of
truck rates for existing commodity movements is complicated by
the large segment of the industry that operates either privately
or on a contract basis, for which no rates are published. Based
on specified commodity movements, the traffic bureau furnished
published truck rates and combination, insofar as such rates
were available and applicable. Where no applicable published
rates existed, the freight traffic bureau furnished constructed
rates based on the best available data concerning comparable
movements between points of similar distance. The rates, minimum
weight applications, and associated charges were carefully re-
viewed for accuracy, appropriate applications, and comparability
with rates for similar commodity movements developed in other
studies and with rates reported by shippers and receivers.

27. For grain, sand, gravel, and stone, which are commodities
of major importance in this study and are moved extensively by
truck transportation, truck rate schedules are virtually non-
existent. As part of the special studies of these commodities,
intensive investigations were made to obtain data from which
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reasonable truck rate scales related to quantities and distances
could be constructed. Data concerning costs of operation and
other factors entering into rate structures were obtained
from both regulated and non-regulated truck operating companies
and from companies operating trucks privately to transport their
own products. Based on the best data that could be obtained,
separate truck rate scales related to distance hauled were
constructed for both grain and for sand, gravel, and stone.
After the truck rate scales were constructed, knowledgeable
and responsible representatives of the industries concerned were
requested to review the scales carefully, These representatives
were in general agreement that the constructed scales were
representative of comparable actual charges in the industries.
The rate scales were also reviewed by traffic specialists of
the Corps of Engineers prior to use in the traffic analysis.

28. Barge rates.- Since there are no existing rates
applicable to barge transportation on the Trinity River water-
way, probable barge rates for each item of prospective commerce
were developed by transportation specialists of the Corps of
Engineers. The barge rates were estimated on the basis of the
physical capability of the waterway to accomodate barge tows of
sufficient size to move the prospective commerce with reasonable
convenience and safety. The developed rates are applicable to the
use of tows consisting of a towboat and 5 large barges in the
reach of the waterway below Dallas, and a towboat and 3 large
barges in the reach between Dallas and Fort Worth. The data
taken into account for the analysis and determination of barge
rates included new equipment costs, average operating costs for
barges and towboats, port and harbor tug costs, published
waterway tariffs and unregulated carrier rates on comparable
waterways, statistics on water carrier revenues, and other
pertinent data. The developed barge rates include total cost,
cargo insurance, and a profit level which is considered reasonable
for the industry.

29. Applicable transfer, handling and switching charges
available from published tariffs and those developed from the
other rate investigations were used to develop appropriate
charges for the various items of prospective commerce in
consonance with each commodity and the volume of shipments
involved. The barge rates used for traffic analysis and
estimates of transportation savings include all such associated
charges.
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PROSPECTIVE CONVERCE AND SAVINGS IN TRANSPORTATION COSTS

30. Existing commerce.- , The only existing commerce on the
Trinity River is on the 6-foot channel between the mouth and
Liberty, Texas. During the period 1961-1965, commerce on this
project averaged about 494,000 tons annually, almost all sea-
shells and liquid sulfur. This commerce would not be affected
by extension of the channel upstream and was not included as
prospective commerce for the Trinity River channel to Fort Worth.
This traffic will move through the reach containing the Wallis-
ville lock, however, and was included in the lock capacity
studies for that reach.

31. Prospective commerce-base year 1966.- The prospective
commerce for the Trinity River waterway in the base. year 1966
was estimated as that portion of the overall traffic moving in
the tributary area, wholly or in part by overland modes of
transportation, that would have been attracted to and moved in
barges on the Trinity waterway at a savings in transportation
cost, if it had been in existence in 1966. In making the
estimates the Arkansas River navigation project to Catoosa,
Oklahoma, and the Red River navigation project to Daingerfield,
Texas, were also considered to have been in existence.

32. As discussed in paragraphs 11 and 12, the field'traffic
survey developed almost 137 million tons of traffic, which were
estimated to be about 90 percent of the total barge potential
traffic moved in the tributary area in 1966. 'By. rigorous,
preliminary screening procedures, this total was reduced to
slightly over 17 million tons, comprising 36 commodities, that
were judged to have sufficient potential to warrant iate. analysis.
By the rate analysis process, the total uit transportation cost
for each commodity movement from origin to destination. was
determined for the transportation modes and routing now in use.
This unit cost was then compared with a similar estimate on the
basis of using barge transportation on the Trinity waterway for
all or part of the movement from origin to destination. If the
comparison indicated that no savings would have been realized
by water transportation on the Trinity, or that the savings
would not have been sufficient to attract the. movement to the
waterway, it was eliminated as prospective commerce. If the
savings were judged sufficient to attract the movement to the
waterway, it was accepted as prospective commerce for the base
year 1966. This procedure was followed for all commodities
except grains, sand, gravel, and stone which were the subjects
of special studies. The estimated t6tal base year savings were
computed as the product of unit savings and the total amount of
the commodity moved.
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33. Where portions of the joint land-water hauls could
alternatively move via authorized and competing waterways, such
as the Arkansas River, with its terminus at Catoosa, Oklahoma, and
the Red River, with its terminus at Daingerfield, Texas, constructed
rates and transfer charges via the alternative routes were compared
with similar data via the Trinity River waterway to determine which
route would provide the least costly total transportation charges.
If the alternative route were found to be less costly, the
prospective traffic was assumed to move by that route and was not
further considered as prospective commerce for the Trinity water-
way. If the comparison indicated a lesser cost for movement by
the Trinity, the movement was accepted as prospective commerce.

34. Based on these analyses, the 1966 base year traffic finally
accepted as prospective commerce on the Trinity waterway totaled
1.932 million tons, exclusive of grain, sand, gravel, and stone.
As discussed in paragraph 11, it is estimated that the field
traffic canvass developed about 90 percent of the full barge
potential traffic that moved in the tributary area in 1966. To
allow for the portion that was not disclosed by the field traffic
canvass, an upward adjustment of 10 percent was applied to the
total, giving an estimated total prospective commerce of 2.125 million
tons for base year 1966, exclusive of grain, sand, gravel, and stone.
Of the 2.125 million.tons, 1.596 million tons would have been
upbound on the waterway and 0.529 million tons would have been
downbound.

35. As discussed in paragraph 15, 18.3 million tons of
wheat and grain sorghum were produced in the tributary area
in 1965, the latest production for which transportation data
were available. About 3.03 million tons of wheat and 0.31
million tons of grain sorghum moved to export markets by truck.
This represented about 31 percent of the wheat and 4 percent of the
grain sorghum produced. The remainder of both grains moved to
domestic markets or storage by truck or to domestic markets,
export markets, or storage by rail. The special study of grain
determined that the only potential for grain commerce on the
Trinity waterway would be export grain moving to the Gulf Coast
ports. It was found also that, for a number of reasons, the
portion of the export grain moving by rail would not change its
mode of movement even with the waterway constructed. Accordingly,
only the 3.03 million tons of export wheat and the 0.31 million
tons of grain sorghum moving by truck were analyzed on a
rate comparison basis for prospective waterway commerce.
This resulted in eliminations on the basis of no savings
or insufficient savings to reduce the 1965 prospective
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waterway commerce of export grain to 1.303 million tons,
including 1.105 million tons of wheat and 0.198 million tons of
grain sorghum, all downbound on the waterway.

36. Because of impending depletion of primary sources of
supply of sand and gravel for both the Dallas-Fort Worth and the
Houston-Galveston markets, -discussed in paragraphs 16 through 20,
the estimates of prospective commerce in these materials could not
be based on the existing traffic patterns. Accordingly, a market
and production analysis was made to indicate the traffic patterns
that would have prevailed in 1966 for sand, gravel, and stone, if
the existing sources of supply had been exhausted. It was found
that under this condition, and with the Trinity waterway in
operation, an estimated 24.4 percent of the demands for sand,
gravel, and stone in the Dallas-Fort Worth market and about 14.9
percent of these demands in the Houston-Galveston market would
have been supplied from deposits along the Trinity River. The
total base year commerce, on this basis, was estimated at 5.2
million tons of sand and gravel, of which 3.1 million tons were
upbound to the Dallas-Fort Worth area and 2.1 million tons were
downbound to the Houston-Galveston area.

37. Summary of prospective base year commerce and savings.-
On the basis of the items discussed above, the total base year
commerce for the Trinity waterway was estimated at 8.628 million
tons, including 4.696 million tons upbound and 3.932 million tons
downbound. Estimated transportation savings, computed as the dif-
ference in cost on a rate comparison basis, between existing move-
ments and movements on the Trinity waterway totaled $10,685,000
for the base year 1966, A summary of traffic developed, screened,
analyzed, and accepted as base year prospective commerce is shown
in table 1. A summary of the prospective commerce and savings,
separated as to upbound and downbound movements, is shown in
table 2.
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TABLE 1

SUMMARY OF TRAFFIC DEVELOPED, SCREENED, ANALYZED, AND ACCEPTED AS
PROSPECTIVE TRAFFIC BY COMMODITY CLASS - 1966 COMMERCE

(Tons of 2,000 pounds)

Total
Frequency Not Accepted

Total Total Of Sall Barge Excessive Insufficient For Rate No Insufficient TotalCaodity Reported Developed Shipments Adaptable Circuity Volume Other Analysis Savings Savings Other Accepted

Farm Products (2) 20,307,736 3,727,753 15,900 314,602 1,200 2,031 35,020 3,359,000 1,803,000 219,000 21,000 1,316,000
Forest Products 24,280 24,030 30 24,000 2.000
Fresh Fish and Other Marine Products
Metallic Ores
Coal
Crude Petroleum
Nonmetallic Minerals, except Fuels (2)
Food and Kindred Products
Basic Textiles
Lumber and Wood Products
Furniture and Fixtures
Pulp, Paper and Allied Products
Printed Matter
Chemicals and Related Products
Petroleum and Coal Products
Rubber and Miscellaneous Plastic Products
Leather and Leather Products
Stone, Clay, and Glass Products
Primary Metal Products
Fabricated Metal Products except Ordnance,
Machinery, and Transportation Equipment

Machinery, except Electrical
Electrical Machinery, Equipment and Supplies
Transportation Equipment
Instruments, Photographic and Optical Goods,

Watches and Clocks
Miscellaneous Products of Manufacturing
Waste and Scrap Material;
Commodities NEC

GRAND TOTAL

1,822
20,680

108,175
20,556
61,350

200
55,515
2,624

175,614
100,660

2,980
460

18,268
274,238

59,040
3,290

9,600
22,880

136,942,111 21,529.491 953,852 525,389

36,500 3,200
51,877 2,750

1,250
15,550

82,744

30,000 185,996

500

91,160 7,410
97,719

10,000
2,750

2,055
4,718
3,300
3,030

8,332

-0, 364
2,680

45

3,903
12,409

2,770
3,271

677

13,800

5,573,885.
252,205

16,200
4,100

24,988

78,3)6
5,000

2,130
342,079

11,877
26,573

1,100

1,500 70,000
100,031 1,274 21,212

512,850

0
0
0
0

6,318,300
188,150

0
168,690

0
619,825

0
795,513
45,060

0
0

23",440
946,479

23,400
0
0
0

0
0

268,584

62,389 6,478,570 12,996,441

957,800
106,300

168,690

517,497

279,450
38,060

140,440
87,960

8,400

145,584

10,000

43,393

15,000

4,253,181 287,393

0
0
00

5,360,500
8,85S

0
0

102,328
0

506,063
7,000

0
0

99,000
815,126

0
0
0
0

0
0

123,000

21,000 8,628,054 (1)
NOTE: Tonnages listed in the "Other" columns include: duplication, insufficient data, insufficient tonnage, commodities subject to

special transit rates, Red and Arkansas River traffic, and traffic creditable to the Liberty and Victoria Channels.

(1) An adjustment of 10 percent has been added to the tonnage of all commodities, except grain sorghum and wheat and sand andgravel, to allow for traffic undisclosed by the field survey.

(2) Wheat and grain sorghum and sand and gravel are included in the table to show total comodity movements only.The estimated tonnages for these commodities were developed by analytical procedures in the specialstudies rather than through the field traffic survey.

*4

6,100,000
13,117
18,000

20,137,656
32,224,770

4,002,925
90,201

1,144,038
40,125

1,696,577
21,282

10,542,608
24,838,891

95,903
928

4,346,899
8,223,609

906,328
235,081

34,302
49,438

267
87,660

1,759,490

0
0

13,800
1,822

11,954,620
607,875
41,306

252,720
200

791,404
2,624

1,278,883
153,400

3,525
460

362,311
1,672,924

107,087
35,889

0
1,777

0
81,100

413,931
193 1S7



TABLE 2

ACCEPTED PROSPECTIVE COMMERCE AND SAVINGS IN TRANSPORTATION CHARGES
BY COMMODITY CLASS.

(1966 commerce),

UPBOUND DOWNBOUND TOTAL
Traffic Savings Traffic Savings Traffic Savings

Commodity .(net tons) (dollars) (net tons) (dollars) (net tons) (dollars)

Farm Products(1) 13,000 $ 44,300 1,303,000 842,000 1,316,000 $ 886,300
Forest Products.. 24,000 133,900 - - 24,000 133,900
Non-Metallic Minerals 3,259,500 3,572,500 2,101,000 1,283,200 5,360,500 4,855,700
Food & kindred Products 76,600 146,700 5,250 16,000 81,850 162,700
Chemicals & Related Products 260,780 1,139,800 245,283 281,300 506,063 1,421,100
Pulp, Paper & Allied Products 97,498 192,300 4,830 6,300 102,328 198,600
Petroleum & Coal Products 7,000 46,000 - - 7,000 46,000

Primary Metal Products 812,614 2,108,400 2,512 6,700 815,126 2,115,100
Stone, Clay & Glass Products -- - 99,000 104,900 99,000 104,900

Waste & Scrap Materials - ' - 123,000 290,200 123,000 290,200
Miscellaneous 145,099 400,100 48,088 70,800 193,187 470,900

Grand Total 4,696,091 $7,784,000 3,931,963 $2,901,400 8,628,054 $10,685,400
(2) (2)

(1) 1965 Commerce
all commodities,
undisclosed by the

( 2) An adjustment of 10 percent has been added to the tonnage and savings of
except grain sorghum and wheat and sand and gravel, to allow for traffic
field survey.



PROJECTION OF PROSPECTIVE COMMERCE AND SAVINGS

38. General.- To obtain an estimate of the future commerce
and transportation savings that would be realized from the authorized
Trinity River navigation project, analysis of historic economic
conditions and estimates of future economic activity in the
navigation trade area were made. Since this study involves
navigation features only, the analysis of economic activities
was confined to those associated with current and future savings
in transportation costs which shippers and receivers could
realize from moving different commodities on the proposed waterway.
Future growth of commodity movements can be associated, to some
extent, with the expected overall economic growth of the trade
area. However, a more reliable estimate of the future volume
movement of a specific commodity can be obtained by relating
the commodity to the projected future activity of a recognized
economic indicator for that sector of the area's economy most
nearly associated with the major use or demand for that commodity.
Since a fairly large number of commodities have been determined
to be prospective waterborne commerce, the commodities have been
grouped according to the economic sector most nearly related
to the use or demand for the commodity. The volume of future
movement of each commodity has then been estimated by assuming
a direct relationship to the predicted future activity of the
appropriate economic indicator.

39. Economic indicators.- The economic indicators selected
for the purpose of estimating future movements of commerce on
the authorized Trinity River navigation project include te
standard statistical indicators for Population, Value Added
by Manufacture, Value of Farm Products Sold, Value Of New
Construction Contracts, and indicators specially developed for
Shipments of Iron and Steel, Export Wheat, and Export Grain
Sorghum. A brief explanation of each economic indicator is given
below.

a. Population.- The growth of population has
direct or indirect influence on all types of economic growth.
The future production and use of many commodities are directly
related to the growth or. decline of the population. For
example, the requirement for newsprint paper used in the publica-
tion of newspapers would be determined almost entirely by popu.a&-
tion, since the demand for newspapers is generated solely by
people. In this study, the individual commodities having their
most direct association to the needs and demands of people
having been projected by relating the predictedgrowth rates of
this economic indicator.
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,. Value Added by Manufacture .- This value
represents the difference between the final value of manufactured
goods and the cost of raw materials that are used in produci,A
these goods. This indicator is a criterion of the reJ.atLve
economic importance of manufacturing because it measures the
contribution of the manufacturing process. Future commerce
for all commodities most directly related to manufacturing
were estimated by association with the projection factors for
this economic indicator. Since the manufacturing process often
is not final at a particular plant and transportation to other
plants and locations is required before the end product is
reached, a thorough evaluation of each commodity movement must
be made before associating its growth with that of manufacturing.
The future movement of these commodities was determined through
the use of the Value Added by Manufacture indicator only when
the purpose of movement involved further manufacturing.

c. Shipments of Iron and Steel- .It has been found
that the most significant factors affecting the demand for basic
iron and steel are the levels of activity in manufacturing and
construction. Statistical research has revealed that, historically,
the amount of iron and steel per dollar of output in manufactur-
ing and construction has been decreasing for some time. This
is attributed to a number of factors including increased use
of substitute metals and other materials, steady improvement
of the quality of iron and steel, and changes in design practices.
A special indicator for shipments of iron and steel was construct-
ed, giving consideration to basic influences in the demand for
iron and steel, which is directly related to shipments. The
more important factors considered were related to the use of
iron and steel in manufacturing and construction, including use
as production input, variations in growth rates of manufacturing
and construction, and probable further reduction in iron and
steel use per dollar of output for both manufacturing and
construction.

d. Value of Farm Products Sold.- This total value,
as published by the United States Census of Agriculture, has been
determined to be a reliable measure of the contribution of
agriculture to the economy of a statewide or smaller area. Some
commodity movements, such as finished commercial fertilizers,
are related to the direct needs of agriculture and thus can be
readily assigned to its measuring indicator. The relation of
other commodity movements, however, is less readily apparent.
For example, the ingredients involved in the manufacture of
of commercial fertilizers, require further manufacture or' process-
ing before they can be used in agricultural production. Although
a further manufacturing process is involved, the basic need is
determined by agricultural requirements. For this reason, those
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commodities would be related to the Value of Farm Products
Sold indicator, rather than the manufacturing indicator.

e. Value of New Construction Contracts.- This indicator
represents the total dollar value of both public and private
construction contracts. It is the most representative indicator
for predicting the future movements of commodities associated
with new construction. Statistical data for this indicator
include values for both military and highway construction, in
addition to commercial building activity. These construction
values are not usually available in other statistical data
pertaining to new construction, especially for individual states
or smaller areas. Within the overall economy, the' production and
use of some commodities are determined almost entirely by the
growth or decline in new construction. Examples of this would
be sand and gravel. The predicted growth or decline of the
need for these commodities would be directly related to the
activity of the new construction indicator. Future commerce
for all commodities having their most direct relationship to
new construction has been estimated by association with the
projected growth rates of this economic indicator.

f. Export Grain (Export Wheat and Export Grain Sorghum).-
Economic indicators of these commodity movements were constructed
especially for this report. Historically, almost all grain
moving through the Gulf ports has been for export. The special
study of grain production and movements indicated that this
pattern would prevail for the foreseeable future and that all
future wheat and grain sorghum moving as commerce on the
Trinity River would move downbound and into the export market.
The indicators of future export grain activity were based on
data obtained from the United States Deparmtnet of Agriculture,
Economic Research Service, in cooperation with Texas A & M
University. Basically, the projections of population and domestic
demands for wheat and grain sorghum were related to the projected
future production estimates of the grains, with the difference
being judged as available for export. For short-term consideration,
grain exports can vary widely depending upon such factors
as weather effects on production, application of governmental
domestic agricultural policies, and foreign aid programs and
policies. For long-term consideration, however, these factors
tend to come into balance and the long-term indicators should
be reasonably valid.

40. Allocation of base year prospective commerce to major
economic indicators.- The accepted prospective commerce and
savings for the base year 1966, as shown in table 2, has been
allocated by individual commodities to the economic indicator
for the sector, of the economy most closely associated with the
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need or demand for each commodity. The allocation of
individual commodity movements was based on careful review
of each field contact sheet, which sets forth the origin and
destination points of the commodity movement , the uses of the
commodity, and other pertinent data obtained from shippers and
receivers. In many instances, further interviews were conducted
to assure accurate identification. The allocation, by major
indices, of the commodity, tonnage, and savings for the accepted
1966 prospective commerce on the Trinity River is shown in table
3.

41. Factors of growth and projection of prospective commerce.-
In order to estimate the future commerce and savings over the
authorized waterway throughout its 50,year project life, the
1966 base year commerce and savings were related to the indicators
of future economic activity within the traffic area during this
period. The projected future activity of the economic indicators
was estimated through a method of disaggregating national growth
projections to the state level, and then further to the traffic
area of the authorized waterway. In using national economic
growth projections as a model for constructing the indicators of
state and traffic area growth, the method centered upon the
relationships of population, employment by industrial type, and
output per employee by industrial type. Unusual or short-term
economic influences are not taken into account in the long-term
national growth projections, and therefore, were excluded from
consideration in relating the indicators of economic activity
at the national level to corresponding activity at the state
and traffic area levels. Unpredictable influences such as
major wars, severe deflationary or inflationary periods,
political revolution, etc., are also excluded from the projection
processes. The resulting predictions of future economic activity,
as shown by the indicators, when compared at the national,
state, and traffic area levels, are reasonable with respect to
probable long-term economic growth within the area of influence
of the waterway.
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TABLE 3

ALIDCATION OF PROSPECTIVE COMMERCE TO MAJOR INDICES
(1966 Base Year Commerce)

POPULATION VALUE ADDED BY MANUFACTURE SHIPMENTS OF IRON AND STEELf VAUE OF FARM PRODUCTS SOIL

COMMODITY TONS SAVINGS COMMODITY TONS SAVINGS COMMODITY TONS SAVINGS COMODITY TONS AV1NG.;

Bond Paper 8,400 34,900 Aluminum & Aluminum Iron & Steel Articles 751,232 $1,889,900 Ammonium Phosphate 104,403 47,000Cotton Seed Oil 5,250 16,000 Alloys 22,000 $ 55,100 Pipe, Iron & Steel 32,682 161,000 Ammonium Sulfate 5,000 8,500Newsprint 81,928 120,600 Caustic Soda 45,280 233,800 Scrap, Iron & Steel 123,000 290,200 rorn 13,000 4s,300Perlite 1,000 2,200 Cement 99,000 104,900 Commodities NEC 90,692 234,100 Fsh Meal 15,000 11,300Printing Paper 6,58 18,100 Crude Rubber 24,000 133,900 Fertilizer (Urea) 100,000 1553 'cms Ities C 10,258 19,200 Lead Ingots 1,712 5,300 Meal & Feed 15,000 32,1i0
Malamin Crystals 3,000 11,900 Molasses (Inedible) 29,600 77,900Misc. Chemical Phosphate 22,500 105,100

Products 34,000 177,600 Phosphate Rock 159,500 1890Polyvinyl Chloride Phosphoric Acid 60,000 2 35,200
Resin Compound 5,000 1,300 Rice Feed 5,000 3 600

Polyethylene Pel- Soybean Meal 12,000 21 80glets 7,500 26,000 Ccmmodties NEC 54,100 93,200
Printing Paper 6,000 25,000
Soda Ash 63,500 328,100
Soda Phosphate 5,880 14,300
Solvents 7,020 46,000
Sulfuric Acid 50,000 77,000
Csmsodities NEC 37,337 124,000

TOTAIS(1) 112,836 $ 211,000 TOALS(1) 411,259 $1,364,200 TOALS(t) 997,606 $2,575,200 f TOSLS() 595,103 $1,024,800

VALUE OF EW CONSTRUCTION ONTRACTSEXPORT WHEAT EXPORT GRAIN SORGHUM 4
COMMODITY TONS SAVINGS COMMODITY TONS SAVINGS J CC MDITY TONS SAVINGS

Sand & Gravel 5,200,000 64,664,000 Wheat 1,105,000 $ 719,000 Grain Sorghum 195,000 6 123,000Aluminum & Aluminum
Alloys 7,500 3,800

Commodities NEC 750 4001

TOTALS (1) 5,208,250 44,668,200 TOTALS 1,105,000 3 719,000 TOTALS 195,000 t 123,000

(1) An adjustment of 10 percent has been added to the accepted tonnage and savings of all commodities except grain sorghum and wheat and
sand and gravel, to allow for traffic undisclosed by the field survey.
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42, The multiplier factors of increase from the base
year 1966 were developed from projections of future activity
of each economic indicator. These factors were determined for
,.985, the estimated initial year of the project, the intermediate
years 2000, 2010, and 2020 and 2035, which is the end of the
economic analysis period for the project. The projection factors
or multipliers are shown by major indicator and year in table 4.
The projected annual tonnage of commerce and annual savings
associated with each of the economic indicators are shown for
each of the selected years in table 5.

TABLE 4

MULTIPLIER FACTORS OF GROWTH

Economic Indicators 1966 1985 2000 2010 2020 2035

Population 1.000 104+2. 1.901 2.259 2.685 3.599

Value Added by
Manufacture 1.000 2.514 5.162 8.228 13.113 26.845

Shipments of Iron &
Steel 1.000 2.092 3.503 4',.942 6.971 11.679

Value of Farm Products
Sold 1.000 1.232 1.507 1.894 2383 3.007

Value of New Construction
Contracts 1.000 2.012 3.375 4.813 6.855 11.735

Export Wheat 1x000 1.061 1.156 1.233 1.316 1.418

Export Grain Sorghum 1.000 l.211.8 1,299 1.333 1.368 1.567
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TABLE 5

PROJECTIONS OF ANNUAL COMMERCE AND SAVINGS

TONNAGE (in thousands)
Economic Indicators 1966 1985(1) 2000 2010 2020 2035

Population 113 163 215 255 303 406
Value Added by Manufacture 411 1,034 2,123 3,384 5,393 11,041
Shipments of Iron & Steel 998 2,087 3,495 4,930 6,954 11,651
Value of Farm Products Sold 595 733 897 1,127 1,418 1,789
Value of New Construction Contracts (2) 5,208 10,479 19,266 27,474 39,131 66,987
Export Wheat (3) 1,105 1,172 1,277 1,362 1,454 1,567
Export Grain Sorghum (3) 198 247 257 264 271 310

TOTALS (4) 8,628 15,915 27,530 38,796 54,924 93,751

SAVINGS in thousands of dollars)

Population $ 211 $ 304 $ 401 $ 477 $ 566 $ 759
Value Added by Manufacture 1,364 3,430 7,042 11,225 17,889 36,622
Shipments of Iron & Steel 2,575 5,387 9,021 12,727 17,952 30,076
Value of Farm Products Sold 1,025 1,263 1,544 1,941 2,442 3,081
Value of New Construction Contracts (2) 4,668 9,392 16,960 24,186 34,447 58,971
Export Wheat (3) 719 763 831 887 946 1,020
Export Grain Sorghum (3) 123 154 160 164 168 193

TOTALS (4) $10,685 $20,693 $35,959 $51,607 $74,410 $130,722

(1) Assumed initial year of project use.
(2) Base year sand and gravel tonnage of 5,200,000 and savings of $4,664,000 were used to

compute tonnage and savings to the year 2000 and 5,700,000 tons and $5,021,000 savings
were used to compute tonnage and savings from 2000 to 2035.

(3) Base year for wheat and grain sorghum is 1965.
(4) An adjustment of 10 percent has been added to the tonnage and savings of all

commodities, except grain sorghum and wheat and sand and gravel, to allow for traffic
undisclosed by the field survey.
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BENEFITS

43. Benefits from transportation savings.- As shown in
table 5, the annual savings in transportation costs that would
be realized in the initial year of the waterway are estimated
at $20,693,000. The annual savings would increase at the
projected rates to reach an annual total of $130,722,000 in
the 50th year of the project0  However, the lock capacity
studies, discussed in paragraphs 5' through 7, indicate that
the commerce would reach the physical capacity of the waterway
in the 48th year, which would preclude a further increase in
annual savings after that year. With the totals adjusted for the
last 2 years of the project life, the annual benefits throughout
the project life were discounted to their 1985 worth, using
a compound interest rate of 3.25 percent and redistributed over
the 50-year project life to an average annual equivalent value
of $48,041,000.

44. Benefits frcan extended life of bridges.- There are
37 highway crossings and 9 railroad crossings of the Trinity
River at the present time that would be affected by construction
of the navigation channel. In addition 4 new highway crossings
and 4 new railroad crossings are definitely planned or scheduled
for construction that will be completed not earlier than the
completion of the navigation project. A number of the existing
and planned highway crossings involve separate bridge structures
for traffic passing in opposite directions. There will be 48:
separate highway bridges and 9 railroad bridges that will have
some portion of their useful life expired at the time of
construction of the navigation project. The age of these bridges
at the time of construction of the navigation project will cover
a wide range. Each of the bridges would require alteration
or replacement to provide adequate clearance for navigation. A
benefit would be realized. through - extension of -the useful life of
the affected portions of the bridges. The benefit was computed
for each bridge, taking into account -its age and remaining useful
life at the initial year ofthe project, its type of construction,,
and the portion of the bridge affected. The total benefit from
extended useful life of bridges was discounted-to 1985 worth and
,redistributed over the 50-year project life period to an average
annual equivalent benefit of $549,000.

45. Economic loss from increased operating costs .of vehicles.-
With the raising of the, highway bridges to provide adequate vertical
clearance for navigation, the operating cost of each vehicle
crossing the bridge would be increased by the raise in roadway
gradient. Based on1966 traffic counts furnished by the Texas
Highway Department, projections of future increases in vehicular
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traffic were made for each bridge extending through the 50-year
analysis period of the waterway project. Additional unit operat-
ing costs per foot of lift were obtained from the Federal Highway
Administration, Department of Transportation. The additional
operating costs for vehicles crossing each bridge, were computed
for the analysis period, and the totals were discounted to 1985
worth and redistributed as an average annual equivalent value
of $1,836,000. This would be an economic loss to be deducted
from the navigation benefits,

16. Benefits from recreation and fish and wildlife.-
Construction of the navigation features would provide recreation
opportunities that would not otherwise be realized. Generally,
these opportunities are associated with the slack-water pools
caused by the navigation dams and in the recreational and sight-
seeing facilities provided in connection with the navigation
lock structures. Increased sport hunting and fishing
opportunities would also be realized. Estimates of recreational
visitor use of the project facilities were made and, on estimated
unit values of $0.75 per visitor day for general recreation and
$1.00 per visitor day for sport hunting and fishing, annual
totals were estimated through the project life period. The
annual totals were discounted to 1985 worth and redistributed
over the project life period to an average annual equivalent
benefit of $3,302,000.

47. Economic development benefits.- There are nine Texas
counties along the route of the Trinity navigation project, that
are designated as economically depressed areas by the Economic
Development Administration, under the Public Works and Economic
Development Act of 1965. The impact that might be expected on
the economy of these counties by expenditure of funds for
construction and operation of the navigation features was
investigated. It was found that employment opportunities would
be created for considerable portions of the skilled and un-
skilled labor markets of the counties and the local economies
would be appreciably stimulated during the construction, and on
a regressing projection, during the first 20 years of the project
operation. The average annual equivalent benefits during the
50-year project life period were estimated at'$1,887,000.
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48. Summary of benefits 0 - The average annual equivalent
benefits estimated for the navigation features of the authorized
Trinity River project from the Houston Ship Channel to Fort Worth,
Texas, are as follows:

SUMMARY OF BENEFITS

Average annual
Item equivalent benefits

Transportation savings $48,041,000

Extended life of existing bridges 549,000

Recreation and fish and wildlife 3,302,000

Economic development 1,887,000

Subtotal $53,79,000

Less increased cost to vehicular traffic
on highway bridge s - 1,836,000

TOTAL BENEFITS $51,943,000

PROJECT COST ESTIMATES AND ANNUAL CHARGES

49. Estimates of first costs and annual charges.- Estimates
of cost of the modified project include new estimates for existing
and proposed bridges, for utility relocations, for the locks and
dams of modified size, for pumpback facilities and for proposed
channel widening. Costs of additional parallel locks were estimated
as the same as the cost of the initial lock at each site with
additional cost estimated for added difficulties of construction and
for approach channel excavation. Estimated costs of other features
of the authorized plan were updated, where applicable to 1967 price
levels. A new real estate appraisal was made. The cost of features
exclusively for navigation is computed as the difference in the
estimated costs of' the multiple-purpose channel and a single purpose
flood control channel on an alignment best suited for flood control.
The first cost of the features proposed for initial construction is
estimated at $591,478,000. The cost of future construction is esti-
mated at $210,911,000, which converted from the years in which incurred
to its worth in 1985 the first year of the project, amounts
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to $73,:87,#00O. The estimates of investment include interest
during construction. The estimates of investment and annual
charges based on a 50-year project life and 3.25 percent interest
rate are as follows:

Investment:

Initial construction - -- - - - - - - - - $673 595,000
Future construction - - - - - - - - - - - 78 00

Total investment - - - - - - $752,17,000

Annual charges:

Interest & amortization - - - - - - - - - $ 30,636,000
Operation, maintenance, & replacement - - b,$29,000

Total annual charges - - - - $ 35,465,000

PROJECT JUSTIFICATION

50. Comparison of benefits and costs.. The estimated
average annual equivalent benefits, annual charges, and ratio
of benefits to charges for the features exclusively for navigation
in the comprehensive improvement plan authorized for the Trinity
River and tributaries, as discussed herein, are as follows:.

Average annual equivalent benefits - - - $51,94,000

Annual charges - - - - - - - - - - - - - $35,1465,000

Ratio of benefits to charges - - - - -- ..

CONCLUSIONS

51. The comprehensive improvement plan provides for the
development of the water and related land resources of the
Trinity River basin to meet the immediate and long range
needs of all of the people in the basin. The navigation
features are a vital and integral part of that plan. The
results of this reevalation study show that the navigation
feature of the plan is well justified on its own merits.

FRANKLIN B. MOON
Colonel, CE
District Engineer
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[First endorsement

SWDPL-E
SUBJECT : Trinity RIiver, Texas Com'rehensive Improvement Project -

Re-evaluation of Uavigation Economics

DA, Southwestern Division, Corps of Engineers, 1114 Commerce Street,
Dallas, Texas 75202 14 June 1968

TO: Chief of Engineers

I concur in the conclusions of the District Engineer.

C. LAI'
Major G 4ral, USA
Divisin.gineer

CF:
Galveston District
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TRINITY RIVER & TRIBUTARIES, TEXAS

APPENDIX I

ENGINEERING

1. Introduction.- This appendix was prepared as & part of the current

restudy of the Trinity River and Tributaries project. The 1965 Rivers and

Harbors Act specified that at such time as funds are requested for the

initiation of construction of features exclusively for navigation, the

Chief of Engineers will submit an economic analysis of these features

based on current criteria.

2. This appendix was prepared to bring up to date the estimates of

costs for navigation features. The inclosed data do not constitute a compre-

hensive cost analysis of the project, but only an estimate of cost of

features for navigation and related recreational potential.

3. Exclusive navigtion features.- The following paragraphs are a

review of pertinent legisiLative history and authorized scope of report,

and a description of methis used in determining features of the project.

plan that are exclusively for navigation. The River and Harbor Act of 1965,

P. L. 89-298, authorized construction of the Trinity River and Tributaries

project. The project was authorized in accordance with the plan in H. D.

276/89/., as recommended by the Board of Engineers for Rivers and Harbors.

The Act speifies that "prior to expenditure of any funds for construction

of those features designed exclusively for navigation, the Chief of Engineers

shall submit to the Congress a reevaluation based upon current criteria."

This wording in the authorizing act probably was referring to the wording

contained in the recommendation of the BERH for the multiple-purpose

49



channel quoted as follows: "with the understanding that at such time

as funds are requested for the initiation of construction of features

exclusively for navigation, the Chief of Engineers will submit to the

Congress an economic analysis of the features."

4. In the views of the BERH supporting the above recommendation,,the

Board included the following statement: "In view of the favorable benefit-

cost ratio indicated above, the Board concludes that the navigation facilities

should be authorized." The Board then goes on to state: "The Board notes

that a project for flood control, water supply, and water quality control

is economically justified without navigation. If construction of the

navigation features of the plan is delayed for any reason and construction

of the flood control channel is initiated first, it is the opinion of the

Board that the flood-control channel should be constructed along the same

alignment as that required for navigation."

5. It is believed that this statement indicates Board opinion to the

effect that any Trinity River construction should either provide for or be

compatible with later provisions for navigation. In accordance with this

view, the Galveston and Fort Worth Districts are now requiring that any

bridge constructed over the Trinity River provide navigation clearances.

If separate construction of a flood control channel is undertaken, utility

relocations would provide for future navigation channel requirements. A

separate flood control channel constructed on the alignment shown in H. D.

276/89/1 would pass under all but 16 existing bridges. If construction of

navigation features were delayed, the channel alignment at these 16 bridges
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could be modified so as to pass under the existing bridges. Construction

of the single-purpose flood control channel would require only minor modi-

fication of the existing bridges. High level bridges are therefore considered

to be almost entirely for navigation. The costs for bridge relocations will

take into account reduction in cost to be realized by advance participation.

Cost for all high level bridge construction is included in this estimate.

6. The features exclusively for navigation are considered to be

those features that are required to modify a single-purpose flood control

channel to provide a multiple-purpose channel for flood control, navigation,

recreation, and fish and wildlife enhancement. These features include the

navigation locks and dams and appurtenances such as access roads, buildings,

grounds, utilities and operating equipment; additional lands and rights-of-

way; enlargement and rectification of the flood control channel to provide

for navigation; aids to navigation; and enlargement of bridges to provide

navigation clearances. The cost of "exclusively for navigation" features

is the difference in cost of the multiple-purpose channel and a single

purpose flood control channel on the best flood control alignment. The

cost estimates of the single-purpose flood control channel from the project

document studies have been reviewed and revised to present price levels.

The design and cost estimates of the multiple-purpose channel have been

reviewed and revised to provide for a 200-foot navigation channel, and

other modifications for navigation and to reflect present price levels.

Furthermore, provision is made to provide additional lock capacity when

and as required to permit movement of the full amount of projected commerce

to the 48th year of the project life.
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7. Project document plan. - The authorized project provides for a

multiple-purpose channel for navigation, flood control, recreation, and

fish and wildlife purposes extending from the Houston Ship Channel along

the general course of the Trinity River to Fort Worth, Texas. The channel

would have minimum navigable dimensions of 12 feet deep and 150 feet wide

and turning basins 400 feet square would be provided at Dallas and Fort

Worth. The authorized plan provides for 19 locks below Dallas, each having

clear dimensions of 84 feet wide by 600 feet long, and 4 locks between

Dallas and Fort Worth, each 56 feet wide by 400 feet long. The plan

provides for future enlargement to a minimum navigation channel width of

200 feet. A condensed plan and profile is shown on plate 1.

8. Proposed changes in project document plan.- An initial minimum

channel width of 200 feet is proposed with provisions for enlargement to

250 feet when project capacity is reached. A study of lock sizes was

made on the basis of new tonnage estimates. The results of this study

indicated that locks below Dallas should remain the same and for the locks

above Dallas lock 18 should be increased to 84' x 600' and locks 19, 20, & 21

should be increased to 84' x 400'. At such time as capacity of the waterway

is reached, parallel locks and widening the channel to 250 feet will be con-

structed to increase capacity of the waterway. The additional locks would

be 84' x 600' in size and would be located so that there would be no inter-

ference between tows using the adjacent lock.

9. Analysis of the project plan indicated that a more economical lock

configuration was gained by removing locks 2, 8, & 15 and relocating locks

3, 7, and 9 at mile 57.0, 196.0, and 216.4, respectively. These changes

would provide for 16 locks below Dallas and 4 locks between Dallas and Fort

Worth as shown on plates 2 and 3.
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10. The project document specified minimum bridge spans of 300 feet

below Dallas and 274 feet between Fort Worth and Dallas and vertical

clearance of 50 feet above the 2% flowline. New bridge criteria provides

for a vertical clearance of 52 feet above the 2% flowline and a horizontal

clearance of 300 feet between piers.

11. Engineering studies.- New bridge designs and cost estimates were

made for all replacements and alterations of existing bridges and for proposed

high level highway bridges and railroad bridges. Lock designs and cost estimates

were made for three 84 'x 400' and one 84' x 600'locks above Dallas. Costs in

the project document, where applicable, were "updated" using current unit

prices. Estimates were made of the additional cost of excavation required

by elimination of locks 2, 8, and 15 and of the increase in lift at locks

3, 7, 9, and 16. Relocation estimates were revised to include facilities

constructed subsequent to the date of the previous report. New designs and

cost estimates were prepared for the 200-foot channel. This estimate includes

provisions for future enlargement to 250 feet and construction of new locks

when waterway capacity is reached. Channel dimensions for the authorized

channel and proposed channel are shown on plates 4 thru 7. A new real estate

appraisal was made.

12. Estimated cost of lands and damages.- The lands and damages costs

assigned exclusively to navigation were determined by subtracting the lands

and damages costs of the single-purpose flood control channel from the land

costs of alternate multiple-purpose channel providing for flood control,

navigation and public use areas. See tables 2A thru 21.

13. Lands required for construction and maintenance of the navigable

reach of the multiple-purpose channel include lands for channel rights-of-
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way, lock and dam sites and public use areas. Public use area land

requirements used in the previous study were adopted for the restudy.

14. General discussion. - The gross real estate appraisal was based

on land requirements as shown in tables 3 and 4 on pages 8 and 12 of

Vol. IV of H. D. No. 276, 89th Congress, 1st Session. Average land

values were then applied to revised estimates of land requirements.

The project lands extend from the Gulf Coast to North Central Texas.

Lands involved are wooded bottom pasture, upland wooded pasture,

bottom cropland, upland cropland and industrial areas in the vicinity

of Dallas and Fort Worth. There are also numerous sand and gravel

deposits, many of which are in production near the alignment. These

deposits are mostly located in the upper reaches of the project. The

soil type ranges from the heavy clays in the lower reaches to the light

sand clay loans in the upper reaches. The right-of-way is located
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almost entirely in the flood plain of the Trinity River and will not require

relocations of improvements of significant value. Real estate sales indicate

an upward trend in prices of approximately 10 percent per year along the

Trinity River Valley.

15. Approach to land value.- The market data approach to value was

used in arriving at the fair market value placed on the land covered by

this report. The market data approach is the comparison of similar lands

that have sold on the open market to those lands which would be taken by

the proposed multiple-purpose channel. Changes in the alignment or widths

can affect the values assigned. In many cases the area along the river is

heavily timbered and subject to overflow. Moving the channel a short

distance can avoid highly improved farm land or sand and gravel operations.

16. Estates to be acquired.- Real estate interests for right-of-way,

spoil areas and access roads will be acquired on a perpetual easement basis

with mineral exploration subordinated to the Government's rights to regulate

such development in a manner that will not interfere with the project. A

fee less mineral interest will be acquired in lock and dam sites and

recreation areas with subordination of minerals rights to prohibit exploration.

17. Minerals.- There is a large amount of mineral activity in the

Trinity River Valley. The oil and gas production is the greatest in the

counties of Anderson, Madison, Houston, Navarro, and Liberty. Gravel mining

is very active in Tarrant, Dallas, Ellis, and Kaufman Counties. The

comparable sale data reflect the value of gravel in the above mentioned

counties. For this appraisal the estimated value for the gravel was included

in the estimated land values. It is the appraiser's opinion that there
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should be an average of $15 per acre included in the report for the

estate to be acquired in the oil and gas interest. The total estimated

value for the subordination of minerals is $68,000.

18. Acquisition data.- The proposed acquisition of land covered by

this project is estimated to affect 1,008 ownerships. The acquisition

cost is estimated to be $1,000 per ownership. The cost of acquiring

1,008 ownerships at $1,000 is $1,008,000. The estimated cost of resettle-

ment is $500 per set of improvements. It is estimated that 150 resettlements

will be required in this project. Total estimated cost for resettlement is

$75,000.

19. Severance damages.- In estimating the severance damage, con-

sideration was given to location in relation to available access and

size of part to be severed. The larger the severance parcel, the smaller

the damages per acre. Additional consideration was given to the utilization

of the severed acreage after the taking of the channel right-of-way easement.

20. Comparable sales discussion.- The comparable sales used to estimate.

the fair market value in this appraisal were indexed to counties; and the

sales were applied along the reaches where the county adjoined the project.

No attempt was made to discuss each individual sale in the appraisal; but

all the sales were given consideration in arriving at the fair market value

in reaches of the project where the sale occurred.

21. Criteria related to land requirements.- Channel rights-of-way were

computed on the basis of providing right-of-way limits 50 feet beyond the

top cut of the multiple-purpose channel. Where the multiple-purpose channel

is partly or wholly within the river section, it was assumed that a minimum

of 50 feet of right-of-way would be required on each side of the channel.

Right-of-way requirements were based on side slopes of 1 on 2. An additional
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50 feet of right-of-way would be provided outside of top of cut to take

care of flatter slopes where needed and also provide for probable future

erosion of the channel banks. The proposed channel alignment would cut off

many bends of the river leaving areas of severed lands. These severed lands

would be used as spoil areas and public use areas whenever practicable.

22. Rights-of-way for lock and dam sites include lands for the locks,

dams, esplanades, buildings and service roads. Access roads would be pro-

vided from existing all weather roads to lock and dam sites. Land require-

ments for the access roads were based on providing rights-of-way 100 to 120

feet wide where required for new road construction. Where existing roads are

to be improved, additional rights-of-way for the improved roads were based on

the consideration that existing rights-of-way would be made available at no

additional cost.

23. The lands required in addition to the lands for the authorized

channel to Liberty as modified by the recommended Wallisville Reservoir

project have been included in the single-purpose flood control channel

estimate. Lands now under perpetual easement to the Federal Government for

the completed portion of the 9- x 150-foot channel to Liberty project, from

the Houston Ship Channel to its upstream ending at channel mile 23.2, are

sufficient for the proposed deepening of the channel to 12 feet. From

channel mile 23.2 to Lock No. 1 located in the Wallisville Dam at mile 28.3,

approximately 18 acres of additional right-of-way would be required for

easing of a bend in the river. An additional 34 acres of right-of-way would

be required for the multiple-purpose channel river cut-off alginment at
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Wallisville. Between mile 35.5 and 47.4, the land requirements of the

authorized channel to Liberty were subtracted from land requirements of

the alternate projects considered.

24. For the purpose of this report, it is considered that channel

rights-of-way through the non-Federal Livingston Reservoir would be

required for the channel. The extent of the required lands through the

reservoir was determined on the same basis as other sections of the

channel. The values of lands in the reservoir required for the channel

were estimated as though a reservoir were not under construction by local

interests.

25. None of the cost of lands of Tennessee Colony Reservoir are

assigned as exclusively navigation costs.

26. Construction spoil area requirements vary with the method of

construction. Studies show that hydraulic dredging would be the most

economical and practical means of excavating the multiple-purpose channel

in the tidal section and pools No. 1, 2, and 5. Hydraulic spoil area

requirements were computed on the basis that hydraulic spoil can be

economically placed to an average depth of 5 feet over the spoil area.

This would amount to about 8,066 cubic yards per acre of spoil area.

Some of the spoil near Liberty, Texas, would be used in construction of

the Liberty Local Protection project.

27. The existing spoil disposal areas for the completed portion of the

channel to Liberty would be used for deposition of spoil dredged in deepening

the existing channel between the Houston Ship Channel and channel mile 23.2.

No spoil would be placed on live oyster beds and-1,500-foot openings between

spoil areas would be provided at intervals of 3,500 feet for the channel
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reach between the Houston Ship Channel and Smith Point. Spoil dredged

from the channel in Wallisville Reservoir would be deposited in adjacent

areas in the reservoir. Spoil from the cut-off below the Wallisville dam

and the river cut-off channel at the town of Wallisville would be deposited

on 124 acres of spoil area adjoining the Wallisville Reservoir adjacent to

the proposed cut-off channels.

28. Spoil dredged from the channel through the Livingston Reservoir

would be deposited in the reservoir at separated areas located at a minimum

distance of 1,500 feet from the channel. Land requirements for spoil

disposal areas in the Livingston Reservoir were based on the assumption

that 8,066 cubic yards of spoil can be placed on each acre of spoil area.

29. Excavation of the multiple-purpose channel in pools No. 3,4,

and 6 thru 21 would be accomplished by land based dragline equipment.

Below channel mile 268 the spoil would be cast onto spoil areas adjacent

to-the channel, with the exception that some of the spoil would be used

to construct river diversion dams across the upstream end of river bends

cut off by the proposed channel. Land requirements for dragline spoil

areas were computed on the basis that the spoil would be deposited to an

average depth of 15 feet in the spoil areas or approximately 24,200

cubic yards of spoil would be placed on each acre of spoil area.

30. Between channel miles 286 and 322, the channel is located within

existing agricultural floodway levees. In this reach the spoil would be

used to fill severed river bends and low lying areas, or placed inside and

adjacent to the levees to a height of about 15 feet.
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31. Above channel mile 322, the channel would be located within

existing and proposed leveed floodways. Spoil in this reach would be

used for construction of new levees, filling low areas of the flood

plain, or filling severed river bends in the floodway. No construction

spoil areas would be required above channel mile 322.

32. A breakdown of land requirements and computation of land costs

assigned exclusively to navigation for the three alternate plans is shown

in tables 2A thru 21.

33. Bridge relocations.- Estimates of cost were prepared for a single-

purpose flood control channel and a multiple-purpose channel with horizontal

bridge clearances of 300 feet between piers, and vertical clearances of

52 feet above 2% flowline. The 300-foot horizontal clearance and 52-foot

vertical clearance conform to current requirements specified for other

navigation projects under construction.

34. The estimate of bridge alteration costs for the single-purpose

flood channel assumed the channel alginment would pass under existing

bridges. The estimate is based on providing bank and pier protection

without modification of the bridge structure. The cost assigned exclusively

to navigation is the difference between costs..of bridges providing minimum

navigation clearances and the cost for modification of bridges for the

single-purpose flood control channel.

35. Changes in highway bridge relocation estimates presented in

table 12, Vol. IV, of the project document are as follows:
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a. New 2-lane highway crossings for F.M. 162, and F.M. 3076

have been added.

b. Highway bridge crossings have been expanded from 2-'lane, 2-way

to 4-lane divided roadways for U. S. Highway 59, Belt Line Road, State

Highway 360, and F. M. 157.

c. Two Interstate 635 Highway bridges, 4 lanes each, have been

added.

d. State Highway 19, U. S. Highway 79 & 84, State Highway 31, and

State Loop 12 are shown in the project document as 2-lane, 2-way roadways

requiring one new bridge at or near each existing bridge. Existing conditions

still consist of one crossing at each location; but future planning, according

to the Texas Highway Department, provides for 4-lane. divided roadways at these

locations. The estimated first costs for these 4 additional crossings include

only the navigation features. The existing crossings would have to be

relocated as specified in the previous report.

e. Roadway widths have been increased in accordance with projected

Bureau of Public Roads criteria. Data on Interstate,VU. S., State, and F. M.

highways were furnished by the Texas Highway Department.

36. Advance participation by the Corps of Engineers in the construction

of five highway bridges over the multiple-purpose channel has been authorized.

These crossings are:
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State Hwy 05

U. S. Hwy 190

State Hwy 31

Interstate Hwy 635

Interstate Hwy 45

Estimated first costs for these bridges are the estimated amounts to be

paid out of civil works funds for advance participation in navigation

features. Estimated costs were taken from OCE Civil Works Daily Log,

11 Mar 66. A contract for alteration of U. S. Hwy 190 has been issued

and this cost is included in the estimate.

37. Bridge relocation costs and costs assigned specifically to

navigation are shown on tables 3A & 31. Costs for bridges constructed

under advance participation are treated as project costs and are included

in the estimate.

38. Pipeline relocations.- The estimated costs of pipeline relocations

required are based on providing the same number and size of pipes which the

respective companies have installed. The cost of relocating pipelines in

the vicinity of channel mile 30.6 in Wallisville Reservoir are assigned

to the multiple-purpose project because these lines need not be relocated

at the river crossing to provide for the authorized channel to Liberty

project.

39. From channel mile 30.6 to channel mile 47.4, the multiple-purpose

channel alignment generally coincides with the authorized alignment of the

uncompleted channel to Liberty project. In this reach, pipelines would be
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relocated to provide for either the multiple-purpose channel or the

authorized channel to Liberty. Since the authorized channel to Liberty

project provides for relocating the pipelines affected by the 9- x 150-

foot channel, the cost of any additional length of pipeline relocation over

that required for the 9- x 150-foot channel is assigned to the multiple-

purpose channel. The cost of pipeline relocations upstream of Liberty are

assigned to the multiple-purpose channel project. Alteration costs for the

pipeline relocations in the Tennessee Colony Reservoir are included in the

estimate of cost of Tennessee Colony Reservoir and are not a part of this

estimate.

40. The estimated cost of pipeline relocations are based on the

pipelines extending 25 feet beyond the bottom width of the channel at a

depth of either 25 feet below normal pool, or five feet below the bottom

of the multiple-purpose channel, whichever is deeper. The estimate of

costs also provides for pipeline valves to be installed on each side of

the channel, with manifold headers if required, and the pipelines would

be coated or wrapped and secured with sufficient weights. The pipeline

relocation cost assigned exclusively to navigation is determined by deleting

the cost of relocation for the single-purpose flood control channel from

the relocation cost for the particular plan under consideration. The

revised cost estimate includes relocation of twenty pipelines constructed

subsequent to the previous study. A summary of pipeline relocations costs

is given in table 3C. A more detailed estimate of pipeline relocation

costs is shown in table 12.
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1L. Power transmission line relocations .- Powerlines crossing the

navigable portion of the channel would be raised to conform with minimum

clearance requirements given in an information pamphlet entitled "Permits

for Work in Navigable Waterways of the United States." In general, all

transmission lines crossing the multiple-purpose channel, having voltages

of 115 KV or less would have a minimum vertical clearance of 70 feet; and

lines having voltages greater than 115 KV and not more than 138 KV would

have minimum. vertical clearances of 75 feet above the backwater elevation

for the operating discharge at the crossing. Where the transmission lines

cross the multiple-purpose channel in river cutoff alignments and extend

across the Trinity River, the lines crossing the Trinity River would have

a minimum clearance of 25 feet above the 50-year flood elevation at the

severed river crossing. Alteration costs for the power transmission lines

crossing the Tennessee Colony reservoir are contained in the estimate of

cost for the Tennessee Colony Reservoir.

42. The cost for alteration of power transmission lines include the

cost of constructing towers on each side of the channel and installing new

cable between towers. Salvage value of old cable has been subtracted from

the construction cost. Cost of powerline relocation is assumed to be the

same for all plans. Minor differences in channel width should have a very

negligible effect on spacing of towers. The restudy indicated that three

additional power transmission lines have been constructed across the navi-

gable reach of the river since the previous study. A summary of powerline

relocation requirements is shown in table 3D,
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43. Communication line relocations.- The authorized plan of improve-

ment for the multiple-purpose channel provided for modification of 17

existing communication lines. The restudy has indicated that no new lines

have been installed since the previous study. Thirteen of the existing

aerial lines are on 35 to 40-foot poles and are to. be raised by installing

taller poles to provide a vertical clearance of 70 feet. Four of the cam-

munication lines are attached to existing bridges and would not have to

be modified in connection with construction of the single-purpose flood

control channel. These lines would be relocated as part of the high level

bridges. Estimated costs for communication line relocations assigned to

the navigation features of the project are shown on table 3E.

44. Water and sewer line relocations.- Modification of seven existing

water lines and eight sewer lines would be required. Two new lines have

been installed since the previous study. The cost of modifying the water

and sewer lines is based on placing each line 25 feet below the normal

navigation pool or 5 feet below the bottom of the channel, whichever is

deeper, and extending the line 25 feet at this depth beyond the bottom

edge of the channel. Table 3F gives data and estimated relocation costs

for water and sewer lines.

45. Navigation dams.- New designs were made for dams No. 3, 7, 9,

and 16. No changes were made in design of remaining navigation dams.

Current unit prices were applied to the detailed quantity estimates
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prepared in connection with the project document where applicable. A

summary of navigation dam costs is shown in table 4. A detailed estimate

of first costs for a typical navigation dam is shown in table 14.

46. Navigation locks.- Estimates for locks in H. D. 276 included'

cost for 84' x 600' locks with 400' guidewalls, and 56' x 400' locks with

300' guidewalls. The restudy estimates include 84' x 600' locks with 600'

guidewalls upstream and 350' downstream, 84' x 400' locks with 400' guidewalls

upstream and 250' downstream, except both upstream and downstream guidewalls

on lock Nos. 5A, 5B, 10A and 10B will be 350'.

47.. Quantities for locks in H. D. 276 were used as a base for lock

quantities in the restudy where applicable. The guidewall quantities for,

the 84' x 600' locks in H. D. 276 were increased to include the additional

guidewall.

48. Excluding the guidewall quantities, quantities for the 84' x 600'

locks from guidewall to guidewall were obtained by adding the quantities

required in widening the locks from 56' to 84' to the quantities for the

56' x 400' in H. D. 276. To obtain quantities for the 84' x 600' lock at

lock No. 18, applicable quantities involved in 200 feet of the lock chamber

area were added to the 400' lock chamber and the 28 feet required in widening

the lock quantities in H. D. 276.

49. The present unit costs for the lock restudy were determined at a

conference in Little Rock District on 20 March 1967, between personnel of

the Little Rock and .Galveston Districts.
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50. The portion of first cost of lock lOB assigned exclusively

to navigation is the portion between the sixth lock chamber monolith

and the upstream guidewall. The incremental cost of the lock was

estimated by a ratio of applicable length to the total length times

the total cost, plus ten percent to account for the larger size mono-

lith in the upper portion. Table 5 is a summary of navigation lock

cost.- Tables 15, 16,and 17 are detailed estimates of selected typical

locks. Table 15 is an estimate of a gravity wall lock, table 17 shows

an estimate of a small lock above Dallas.

51. Access roads to locks and dams.- The access road alignments

and designs used in the restudy were the same as those specified in the

previous study, excluding access roads to lock Nos. 2, 8 and 15. Current

unit costs were applied to the quantity estimates prepared in connection

with the previous study. Table 6 contains pertinent data and summary cost

information for access roads. Table 13 is a detailed estimate of first

costs for access roads.

52. Channels and canals.- Channel design is based on a minimum channel

width of 200 feet and a depth of 12 feet below normal pool. The cost item

for the channels and canals includes clearing and grubbing the channel,

clearing of spoil areas, channel excavation (including bend widening), removal

of abandoned locks, construction of tributary inflow structures and channel

stabilization works. The cost for exclusively navigation features was

determined as the incremental cost incurred by adjusting the best flood

control channel configuration and alignment to serve navigation requirements.
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A summary of costs for channels and canals are shown in tables 7A thru

7F. Plates 4 thru 7 show channel dimensions by reaches for the authorized

150' channel and proposed 200' channel.

53. Recreation and fish and wildlife facilities.- No preliminary

design of facilities was made in connection with this study. Costs of

basic facilities were based on cost of facilities to accommodate estimated

visitation. Costs of facilities per annual visitor were based on

experience obtained from other projects in the area. Public use area land

requirements are discussed under lands and damages.

54. Buildings , grounds , utilities , and permanent operating equipment.-

No changes were made in the requirements for buildings, grounds, utilities,

and permanent operating equipment. Current prices were applied to estimates

in the project document. A revised estimate for buildings, grounds and

utilities is shown in table 8. A revised estimate for permanent operating

equipment is shown in table 9.

55. Aids to navigation.- A revised estimate of cost for aids to

navigation furnished by the U. S. Coast Guard is shown in table 10.

56. Operation, maintenance and replacement.- A revised estimate of

annual cost for operation, maintenance and replacement is shown in table 11.
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57. Waterway capacity.- To determine the capacity of various lock

sizes considered for this study, the following was assumed:

Lock size 84' x 400' 84' x 600'
Lockage time 50 minutes 55 minutes
Number of barges per tow 3-35' x 195' 5-35' x 195'
Barge loading, tons

Sand & gravel 1,625 1,625
Grain 1,525 1,525
Iron & steel 750 to 950 (Avg. 850) 750 to 950 (Avg. 850)
Manufactured products 500 to 1700 (Avg. 1150) 500 to 1700 (Avg. 1150)
Farm products 500 to 1800 (Avg. 1445) 500 to 1800 (Avg. 1445)
Other commodities 700 to 1500 (Avg. 985) 700 to 1500 (Avg. 985)

Percentage empty barges
Sand & gravel 100% 100%
All other commodities 38% 38%

Percentage pleasure craft 10% 10%

58. The maximum tonnage capacity of a lock is dependent on the number

of lockages and the theoretical tonnage that can pass through the lock under

ideal conditions. Because of unbalanced distribution of traffic along the

waterway, delays, partially loaded and empty return barges, the maximum

tonnage capacity of a lock is never attained for a sustained period of time.

59. An analysis of traffic distribution on the waterway indicated

that under average conditions about 30 million tons annually could pass through

the 84' x 600' locks with an average of 21 lockages a day. The lockages

required in 2010, 2020, and 2035 are as follows:
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ANNUAL LOCKAGES REmUIRED

.. " Year

Lock No. 2010 2020 2035

1 6,316 8,742 14,392
3 6,056 8,482 14,132
4 6,056 8,482 14,132

5A 2,688 3,686. 5,922
5B 2,688 3,686 5,922
6 2,721 3,724 5,971
7 2,720 3,724 5,971
9 2,720 3,724 5,971

10A 3,730 5,155 8,427
10B 3,730 5,155 8,427
11 3,730 5,155 8,427
12 6,706 9,354 15,667
13 6,706 9,354 15,667
14 6,639 9,298 15,595
16 6,639 9,298 '15,595
17 6,639 9,298 15,595
18 5,712 7,971 13,405
19 2,629 3,573 5,713
20 2,629. 3,573 5,713
21 2,372 3,212 5,102

60. Full capacity of the 84' x 600' locks would be reached as follows:

Lock No. Project year Year

1 31 2016

3 32 2017
4 32 2017

5A *
5B *
6 *
7 *
9 *
lOA 47 2032
lOB 47 2032
11 47 2032

12 29 2014

13 29 2014
lL 29 2014
16 29 2014
17 29 2014

18 34 2019
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61. The foregoing analysis indicates that in 2014 the project

would reach full capacity operation of the locks and at that time

additional capacity will have to be provided. The construction of

additional locks and widening of the channel to 250 feet appear to be

the most feasible methods of increasing the capacity of the waterway.

On the basis of the projected development of commerce on the waterway,

the first measures for increasing the waterway capacity would be con-

struction of additional locks at lock Nos. 12 through 17 and widening

the channel. Subsequently, the development of projected downbound

commerce would reach capacity of the lower section of the waterway.

Depending on the development of through commerce traffic to Dallas

and Fort Worth, it eventually would be necessary to provide an

additional lock at each of the other locks from lock NosAl through 4 and

lock Nos.10A through 18. This additional capacity would handle the

projected commerce of the waterway to the 48th year of the project or

2033.

62. Future construction.- It is considered that the economy of

the basin would best be served by initial construction of 84' x 600'

locks below Dallas and including lock No. 18. The projected commerce

of lock Nos.19 through 21 could be carried by 84' x 400' locks. Duplicate

parallel locks 84' x 600' would be constructed at lock Nos. 1 through 4 and

lock Nos. lOA through 18 in the future as required.

63. Engineering considerations of future construction.- The operation

of additional locks will strain the water resources of the river that will

be available for navigation. Provision is made for installation of pumps

and appurtenances to pump water back up to the upper pools and permit reuse

of water for lockages. The cost of these items are treated as future

expenditures.
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64. The design and siting of the parallel locks will be such

that separate approach channels will permit full optimum use of both

locks without influence by tows using the adjacent lock. Review of

the locations of the locks indicates that this can be accomplished with

small additional cost of channel dredging.

65. The estimated costs of future construction of locks and related

work and channel widening are converted from the year in which the

expenditure is incurred to the worth at the first year of the project to

determine the initial investment. The interest and amortization of the

investment are computed over a 50-year life to determine annual charges,

based on an interest rate of 3 percent. The estimated increased cost of

operation and maintenance of the future locks and channel widening are

reduced to annual charges with the same method.

66. Future construction cost provides for widening the channel to

250 feet and installation of duplicate locks and water pumpback 
facilities

to provide additional traffic handling capacity when required. The plan

includes all necessary appurtenances including aids to navigation, operating

equipment, buildings, contingencies, engineering and design, supervision and

administration, and interest during construction. The estimated cost for the

future construction investment is as follows:
Project

Construction grouping Future construction year Present Investment
- (1955)

Channel $ 54,487,000 29 $ 21,552,000

Lock No. 1 4,535,000 31 1,683,000

Lock Nos. 3, 4 31,943,000 32 11,479,000

Lock Nos. b1A, 10B & 11 45,477,000 47 11,499,000

Lock Nos. 12,13,14,16, & 17 70,632,000 29 27,938,000

Lock No. 18 13,147,000 34 4,432,000

Total $ 220,21,000 $ 78,583,000
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67. A summary of the project cost as initially proposed is shown

in table 1. A summary of total project cost including future construction

is shown in table 1A.
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TABLE 1
TRINITY RIVER AND TRIBUTARIES, TEXAS

SUMMARY OF ESTIMATED FIRST COST AND INVESTMENT FOR
PROJECT FEATURES REQUIRED EXCLUSIVELY FOR NAVIGATION

($1000)

Cost

First cost
01.0 Lands & damages
02.0 Relocations

Railroads
Highways
Pipelines
Power Trans. lines
Communications lines
Water & sewer lines

04.0 Navigation dams
05.0 Navigation locks
08.0 Access roads
09.0 Channels & canals
14.0 Recreation facilities
19.0 Buildings, grounds & utilities
20.0 Permanent operating equipment

Subtotal first cost
Contingencies 20%
Subtotal first cost

30.0 Engineering & design 4.5%
31.0 Supervision & administration 4.5%

U.S. Coast Guard
Total first cost
Interest during construction
Total investment

$ 4,103

32,719
89,183
2,912
1,141

967
49

46,039
185,573

5,667
74,773
4,178
2,905
1,337

451,546
90,309

541,855

24,383
24,383

857
591,478
82,117

$ 673,595
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TABLE lA
TRINITY RIVER AND TRIBUTARIES, TEXAS

SUMMARY OF ESTIMATED FIRST COST INVESTMENT,
FUTURE CONSTRUCTION COST INVESTMENT, AND

ANNUAL CHARGES
FOR PROJECT FEATURES EXCLUSIVELY FOR NAVIGATION

($1000)

Initial first cost investment $ 673,595
Investment of future construction cost 78,583

$ 752,17

Annual charges
Interest & amort. 50 yr @ 30 30,636
Operation, maint., & replacement 4,82

Total annual charges $ 35,465
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TABLE 2A
ESTIMATED COST OF LANDS FOR NAVIGABLE REACH OF

MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES
IN TENNSEE COLONY RESERVOIR ($1000)

LANDS & DAMAGES ACQUISITION COST

Flood: control : Multiple.-Purpose : Exclusive
channel : Channel : navigation

Pool No. : Cost : Cost : cost

1 $ 192 $ 207 15
3 124 130 6
4 101 108 7
5A 1. 1 0
5B 1 1 0
6 33 36 3
7 51 55 4
9 29 30 1
10A 1 2 1
l0B
11 5 5
12 26 30 4
13 14 15 1
14 29 33 4
16 25 30 5
17 69 75 6
18 52 65 13
19 13 15 2
20 54 65 11
21 68 85 17

Subtotal $ 883 $ 988 $ 105
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TABLE 2B
ESTIMATED COST OF LANDS FOR NAVIGABLE REACH OF

MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES
IN TENNESSEE COLONY RESERVOIR($1OOO)

LANDS & DAMAGES
RIGHTS-OF-WAY FOR CHANNELS

Flood control : Multiple-Purpose : Exclusive
channel , : Channel : navigation

Quantity : . :Quantity :
Pool No. : (acres) : Cost : (acres) : Cost : Cost

Tidal 24 $ 14 $ 14
1 934 $ 391 713 287 -104
3 506 207 596 245 38
4 1,058 423 632 253 -170
5A 36 9 177 44 35
5B 793 198 1,151 288 90
6 1,943 291 1,062 159 -132
7 1,451 218 1,337 201 -17
9 319. 40 573 72 32
l0A 2$ 6 62 12 6
lOB - - - - -

11 - - - - -

12 427 53 529 66 13
13 359 36 452 45 9
14 4o4 40 496 50 10
16 135 41 238 71 30
17 267 80 624 187 107
18- 291 291 304 304 13
19 308 308. 308 308 -
20 267 320 267 320 -
21 166 208 176 220 12

Subtotal 9,692 $ 3,160 9,721 $ 3,146 *$ -14

* Negative cost indicates less R.O.W. required due to shorter length of the
Multiple-purpose channel.
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TABLE 2C
ESTIMATED COST OF LANDS FOR NAVIGABLE REACH OF

MULTIPLE-PURPOSE 'CHANNEL AND NAVIGATION FEATURES
IN TENNESSEE COLONY RESERVOIR($l000)

LANDS & DAMAGES
LOCK & DAM SITES

Flood control :Multiple -Purpose : Exclusive
channel : Channel : Navigation

Quantity: : Quantity :
Pool No. : (acres) : Cost : (acres) : Cost : Cost

Tidal None None - $ - -
1 - - - - -

3 - - 48 14 14
4 - - 50 15 15

5A - - 30 8 8

5B - - 30 8 8
6 - - 43 6 6
7 - - 58 8 8
9 - - 40 5 5
10A - - 30 6 6
lOB - - - -

11 - - - -

12 - - 49 6 6
13 - - 48 5 5
14 - - 45 5 5
16 - - 44 13 13

17 - - 51 15 15
18 - 38 38 38

19 - - 37 45 45
20 - - 42 50 50
21 - - 41 51 51

Subtotal $ 298 $ 298
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TABLE 2D
ESTIMATED COST OF LANDS FOR NAVIGABLE REACH OF

MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES
IN TENNESSEE COLONY RESERVOIR ($1000)

LANDS & DAMAGES
ACCESS ROADS R.O.W.

F1 e trot.~ :M -tipe--Purpose Chan: Exclusive
: 9nne Quantity : : navigation

Pool No. : Cost : (acres) : Cost : cost

Tidal None - $ - $ -

3 - 83 25 25
4 - 15 5 5
5A- - 21 6 6
5B - - - -
6 - 67 10 10
7 79 12 12
9 - 72 9 9
10A - 122 25 25
lOB - - - -
11 44 6 6
12 - 61 . 8 8
13 - 23 4 4
14 2 0 0
16 - 24 22 22
17 - 6 5 5
18 - 2 2 2
19 - 7 9 9
20. - 22 27 27
21 - 2

Subtotal 652 $ 178 $178
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TABLE 2E
ESTIMATED COST OF LANDS FOR NAVIGABLE REACH OF

MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES
IN TENNESSEE COLONY RESERVOIR($1000)

LANDS & )AMAGES
CONSTRUCTION SPOIL

Flood control : Multiple-Purpose
channel Channel :Exclusive

Quantity : : Quantity : navigation
Pool No. : (acres) : Cost : (acres) : Cost : Cost

Tidal
1
3
4
5A.
5B
6
7
9
lOA
lOB
u-I
12
13
14
16
17
18
19
20
21

1,508
193
338

268

75
5

332
157
133

72
0
0

0

Subtotal 3,081

$ 162
39
51

20

6
0

17
8

20
1.

0
0
0
0

461
3,234

838
766

4,402
2,425
1,677
1,109

648
510
793
302

$ 334 17,165

$ 69
445
168
115

220
182
126

83

49
26
39
45

$ 1,567

$ 69
283
129

64
-

220
162
126

83

-6
49

9
31
25

-11

$ 1,233
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TABLE 2F
ESTIMATED COST OF LANDS FOR NAVIGABLE REACH OF

MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES
IN TENNESSEE COLONY RESERVOIR($1000)

LANDS & DAMAGES
MAINTENANCE SPOIL

Flood control Multiple-Purpose :
Channel Channel : Exclusive

:uin Iy: : uan ity : : navigation
Pool No. : (acres) : Cost : (acres) : Cost : cost

Tidal - - -

1 ----
3 50 $ 10 459 $ 92 $ 82
4 75 11 666 100 89
5A - - 83 8 8

5B - - - - -
6 125 9 1,136 85 76
7 - 1,057 79 79
9 - 472 35 35
10A - - 43 4 4
lOB - - - - -
11 25 2 - - -2
12 150 11 352 26 15
13 150 8 349 17 9
14 100 5 411 21 16
16 75 11 206 31 20
17 150. 23 414 62 39
18 - - 334 167 167
19 - - 261 131 131
20 - - 238 143 143
21 - - 138 86 86

Subtotal 900 $90 6,619 $1,087 $ 997
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TABLE 2G
ESTIMATED COST OF LANDS FOR NAVIGABLE REACH OF

MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES
IN TENNESSEE COLONY RESERVOIR ($1000)

LANDS & DAMAGES
SEVERANCE DAMAGES

Flood control : Multiple-Purpose
channel Channel : Exclusive
y:uantity navigation

Pool No. : (acres) : Cost : (acres ) : Cost : Cost

Tidal - - - -

1 1,587 $ 81 1,020 $ 71 $ -10
3 615 31 1,410 71 40
4 0 0 1,014 26 26
5A 0 0 - - -
5B 388 10 - - -10
6 337 8 79 2 - 6
7 1,609 40 3,263 82 42
9 2,145 56 1,252 32 -24
1OA 38 1 - 0 -1
lOB 0 0 - 0 0
11 63 2 - 0 -2
12 581 16 142 4 -12
13 136 4 66 2 -2
14 335 9 743 19 10
16 75 4 107 6 2
17 290 15. 845 43 28
18 73 18 73 18 0
19 192 50 192 50 0
20 71 21 71 21 0
21 23 7 21 7 0

Subtotal 8,558 $ 373 10,308 $ 454 $ 81
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TABLE 2H
ESTIMATED COST OF LANDS FOR NAVIGABLE REACH OF

MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES
IN TENNESSEE COLONY RESERVOIR($1000)

LANDS & DAMAGES
IMPROVEMENTS, MINERALS & REETLIEENT

Flood control : Multiple-purpose : Exclusive
channel Channel : navigation

Pool No. : Cost : Cost : Cost

Tidal $ 0 $ 0 $ 0
1 97 103 6
3 31 33 2
4 160 170 10
5A 1 1 0
5B 15 16 1
6 12 13 1
7 33 35 2
9 10 11 1
lOA 1 1 0
lOB 0 0 0
11 1 1 0
12 6 6 0
13 5 5 0
14 7 7 0
16 3 3 0
17 6 6 0
18 3 3 0
19 3 3 0
20 67 71 4
21 37 39 2

Subtotal $ 498 $ 527 $ 29
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TABLE 2"I"ESTIMATED COST OF LARDS FOR NAVIGABLE REACH OF
MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES

IN TENNESSEE COLONY RESERVOIR($1000)
LANDS & DAMAGES

PUBLIC-USE AREA COSTS

:Flood control:Multiple-Purpose:
channel : Channel : Exclusive

:Quantity: : navigation
Channel miles : Item : Cost : (acres): Cost : cost

0.0 to 35.5 Public use area None 175 $80.5 $80.5
0.0 to 35.5 Access road - 30 13.8 13.8
35.5 to 47.4 Public use area - 125 57.5 57.5
47.4 to 233.5 Public use area - 1,075 1494.5 494.5
47.4 to 233.5 Access road 84 38.6 38.6
233.5 to 274.4 Public use area - 175 80.5 80.5
233.5 to 274.4 Access road - 12 5.5 5.5
274.4 to 322.0 Public use area - 475 218.5 218.5
274.4 to 322.0 Access road - 84 38.7 38.7
322.0 to 326.7 Public use area - 0 0 0
322.0 to 326.7 Access road - 0 0
326.7 to 331.1 Public use area - 0 0 0
326.7 to 331.1 Access road - 0 0 0
331.1 to 338.8 Public use area - 125 57.5 57.5
331.1 to 338.8 Access road -10 1 4.6 4.6
338.8 to 362.8 Public use areas 200 92.0 92.0
338.8 to 362.8 Access road- 30 13.8 13.8
362.8 to 369.8 Public use areas - 0 0 0
362.8 to 369.8 Access road- 0 0 0

Total $1,196.0 $1,196.0
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TABLE 3A
ESTIMATED COST OF RAILROAD BRIDGE RELOCATIONS REQUIRED

FOR NAVIGABLE REACH OF MULTIPLE-PURPOSE CHANNEL AND
NAVIGATION FEATURES IN TENNESSEE COLONY RESERVOIR

($1000)

Flood :Multiple- : Ebclusive
:Channel: control:Purpose : navigation

Name of Railroad :Mile : channel:Chan.Costs : costs

Texas & New Orleans (sp 47.94 $ 3 $ 2,486 $ 2,483
Missouri Pacific 52.57 7 2,480 2,473
Gulf, Colorado & Santa Fe 77.28 71 2,478 2,407
Texas & New Orleans (sp) 91.93 0 2,492 2,492
Missouri Pacific 136.08 0 2,468 2,468
Missouri Pacific 219.70 26 2,446 2,420
St. Louis Southwestern Texas 264.14 0 2,288 2,288
Texas & New Orleans (SP) 328.30 94 2,620 2,526
Missouri-Kansas-Texas (MKT) 330.28 12 2,760 2,748
Gulf, Colorado & Santa Fe (AT & SF) 331.09 36 2,596 2,560
Texas and Pacific (TP) 333.66 11 2,849 2,838
Gifford Hill Gravel Co. 341.86 70 2,572 2,502
Chicago, Rock Island & Pacific 350.54 89 2,603 2,514

Subtotal $ 419 $ 33,138 $ 32,719
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TABLE 3B
ESTIMATED COST OF HIGHWAY BRIDGE RELOCATIONS REQUIRED
FOR NAVIGABLE REACH OF MULTIPLE-PURPOSE CHANNEL AND

NAVIGATION FEATURES IN TENNESSEE COLONY RESERVOIR
($1000)

: Flood control :Multiple-Purpose Exclusive
Channel : channel : Channel : navigation

Name of bridge : Mile Cost : Cost : Cost

Interstate Hwy 10
U.S. Hwy 90
F.M. Rd No. 162
State Hwy No. 105
U.S. Hwy No. 59
County Road
U.S. Hwy No. 190
State Hwy No. 19
F.M. Rd. No. 3076
State Hwy No. 21
State Hwy No. 7
U.S. Hwy 79 & 84
U.S. Hwy No. 287
State Hwy No. 31
State Hwy No. 1129
State Hwy No. 34
Malloy County Road
Belt Line Road
Dowdy Ferry
Interstate Hwy Loop 635
State Hwy Loop 12
Interstate No. 45
Forest Avenue
Corinth St.
Interstate Hwy 35E
Houston St.
Dallas Ft.Worth Turnpike
Commerce St.
Continental St.
Sylvan Avenue
Hampton Road
Westmoreland Road
State Hwy Loop 12
Meyers 'Road
Belt Line Road
State Hwy No. 360
F.M. Road No. 157
Arlington-Bedford Road
Arlington-Smithfield Rd.
U.S .Hwy Loop 820
Hdndley-Ederville Rd.

Total

30.36 $ -
47.84 11

16
75.78 8
91.86 -
98.90 -

111.54 2,214
136.15 -

35
171.63 10
196.68 -
220.55 69
249.99 35
264.52 35
285.60 35
298.04 12
312.84 36
315.57 31
319,92 10
322.0 35
326.19 44
328.46 97
330.65 15
331.41 36
332.22 90
332.61 34
333.12 15
333.50 31
333.93 24
334.89 17
336.33 25
337.26 14
340.39 58
342.94 68
345.25 130
350.75 54
354.00 176
357.00 110
359.95 110
362.11 22
362.70 106

$3,868
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$ 3,528
3,913
1,491
1,150
3,350
1,159
2,750
3,159

932
1,496
1,411
3,385
6,073
2,520
1,391
1,431
1,165
1,137
1,098
4,645
3,746
3,960
1,539
1,618
3,936
1,605
2,889
2,172
1,498
1,181
1,675
1,280
2,809
1,180
2,210
2,792
3,180
1,384
1,292
2,860
1,061

$93,051

$ 3,528
3,902
1,475
1,142
3,350
1,159

536
3,159

897
1,486
1,411
3,316
6,038
2,485
1,356
1,419
1,129
1,106
1,088
4,610
3,702
3,863
1,524
1,582
3,846
1,571
2,874
2,141
1,474
1,164
1,650
1,266
2,751
1,112
2,080
2,738
3,004
1,274
1,182
2,838

955
$89,183



TABLE 3C
ESTIMATED COST OF PIPELINE RELOCATIONS REQUIRED
FOR NAVIGABLE REACH OF MULTIPLE-PURPOSE CHANNEL

AND NAVIGATION FEATURES IN TENNESSEE COLONY RESERVOIR
($1000)

:' Flood control channel Multiple:
Purpose :

:No.& :Pipe-: Cost :Channel:Exclusive
:Channel:size :line : :Pipe-: : :navigation

Name of owner :Mile :of pipe:(LF) :Misc.:line :Valves:Total:Cost * :cost

Sinclair P.L.Co. 29.6 1-8" $ 18 $18
Humble P.L. Co. 30.6 1-8" 12 12

Union Carbide Corp. 30.6 1-6" 15 15
Texas Eastern 30.6 2-30" 154 154

Texas Eastern 30.6 1-16" 37 37

Texas Eastern 30.6 2-20" 93 93

Service P.L. Co. 30.6 1-8" 18 18

Humble P.L. Co. 30.6 1-30" 79 79
Humble P.L. Co. 30.6 1-3" 9 9
Humble P.L. Co. 30.6 1-8" 13 13

Humble P.L. Co. 30.6 1-10" 20 20

United Gas P.L. Co. 30.6 1-20" 46 46
Tennessee Gas P.L. Co. 30.6 1-6" 9 9

Tennessee Gas P.L. Co. 30.6 1-30" 78 78

Warren Pet. Co. 30.6 1-8" 16 16

Gulf Oil Corp 30.6 1-8" 17 17

Gulf Refining Co. 30.9 1-10" 28 28

Colonial P.L. Co. 34.8 1-36" 634 27 57 33 117 103 -14

Sinclair P.L. Co. 34.8 1-12" - - - - - - -

Texas P. L. Co. 34.8 1-20" - - - - - - -

Trans Southern P.L.Co. 35.0 2-10" - - - - - - -

Magnolia P.L. Co. 41.0 1-14" 150 3 5 - 8 9 1
Magnolia P.L. Co. 41.0 1-12" 150 3 4 - 7 8 1

Magnolia P.L. Co. 41.0 5-8" 750 4 13 - 17 22 5
Blacklake P.L. Co. 41.1 1-8" 150 5 3 - 8 7 -1
Sun P.L. Co. 42.1 1-6" 150 4 2 - 6 6 -
Cities Service 42.9 1-12" 150 4 4 - 8 8 -

Gulf Oil Corp. 44.5 2-8" 200 3 4 - 7 7 -
Humble P.L. Co. 44.6 1-7" 100 3 2 - 5 4 -l

Gulf Oil Corp. 45.9 1-4" 100 3 1 - 4 4 -
United Gas P.L. Co. 45.7 1-6" 100 3 1 - 4 4 -
United Gas P.L. Co. 45.7 1-10" 100 3 2 - 5 6 1

Gulf Oil Corp. 45.7 1-6" - - - - - 4 4
Industrial Gas Sup.Co. 46.4 1-10" 100 4 2 - 6 7 1
Gulf Oil Corp. 47.4 1-6" - - - - - 4 4
Humble Oil Co. 47.4 1-8" 100 3 2 - 5 6 1
United Gas P.L.Co. 47.8 1-8" 584 10 16 3 29 33 4
Sun P.L. Co. 49.3 1-8" 802 14 14 3 31 27 -4

Sun P.L. Co. 49.1 1-6" 804 13 10 1 24 22 -2
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TABLE 30 (CONT'D)

: Flood control channel
:Multiple

:No. & :Pipe-: Cost :Purpose:Exclusive
:Channel:size :line :Pipe-: :Channel:navigation

Name of owner :Mile :of pipe:(LF; :Misc.:line :Valves:Total:Cost * :cost

Sinclair P.L.Co. 49.1 1-12" 802 17 23 5 $ 45 $ 36 $ -9
Nat.Gas P.L. Co. of Am. 50.7 1-30" 54 21 58 27 106 120 14
Magnolia P.L. Co. 51.9 2-8" 1200 10 20 5 35 36 1
Trans. Cont. Gas P.L.Co. 52.4 2-24" 88 20 75 28 123 133 10
Trans. Cont. Gas P.L.Co. 52.4 1-30" 604 12 47 27 86 93 7
Magnolia P.L. Co. 55.2 1-10" 548 7 13 4 24 30 6
Magnolia P.L. Co. 55.2 1-8" 48 1 9 3 13 25 12
Houston P.L. Co. 59.6 1-18" - - - - - 143 143
Houston P.L. Co. 59.6 1-12" 548 8 16 5 29 37 8
Atlantic P.L. Co. 64.6 2-10" 1128 10 26 8 44 50 6
Trunkline Gas Sup. Co. 65.9 2-24" 932 21 64 28 113 137 24
Gulf Oil Corp. 77.9 1-10" 510 7 12 4 23 30 7
Tennessee Gas P.L. Co. 85.0 1-12" - - - - - 47 47
Tennessee Gas P.L. Co. 85.0 1-6" - - - - - 27 27
Tennessee Gas P.L. Co. 86.3 1-30" - - - - - 116 116
Tennessee Gas P.L. Co. 86.3 1-26" - - - - - 97 97
Tennessee Gas P.L. Co. 86.3 1-24" - - - - - 152 152
Nat. Gas P.L. Co. 90.2 2-24" - - - - - 156 156
Nat. Gas P.L. Co. of Am. 90.2 1-30" - - - - - 129 129
United Gas P.L. Co. 91.8 5-8" - - - - - 102 102
United Gas P.L. Co. 91.8 3-20" - - - - - 178 178
Service P. L. Co. 93.0 1-12" - - - - - 42 42
Shell P. L. Co. 93.0 2-10" - - - - - 48 48
Shell P. L. Co. 93.0 1-6" - - - - - 23 .23
Texas Eastern 116.7 1-24" - - - - - 110 110
Texas Eastern 116.7 1-16" - - - - - 54 54
American Liberty 125.4 1-8" - - - - - 27 27
United Gas P.L. Co. 135.7 2-6" - - - - - 75 75
Morgas Pipe Line 153.9 1-8" - - - - - 46 46
Morgas Pipe Line 153.9 1-12" - - - - - 58 58
Pure Trans. Co. 168.2 1-6" 503 16 6 1 23 25 2
Lone Star Gas Co. 171.0 1-12" 505 18 15 5 38 44 6
Gulf Oil Corp. 190.6 1-26" 585 15 41 15 71 142 71
Lone Star Gas Co. 205.9 2-6" - - - - - 37 37
Humble P.L. Co. 205.9 1-4" - - - - - 26 26
Humble P.L. Co. 207.8 1-4" - - - - - - 25 25
Humble Oil & Refining Co. 207.9 1-4" - - - - - 16 16
Humble Oil & Refining Co. 207.9 1-22" - - - - - 14 14
Magnolia P. L. Co. 209.8 2-20" - - - - - 121 121
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TABLE 3C (CONT'D)

Name of owner

Sinclair P.L. Co.
Lone Star Gas Co.
Gulf Oil Corp.
Gulf Oil Corp.
Humble P.L. Co.
Humble P.L. Co.
Sinclair P.L. Co.
Humble P.L. Co.
Magnolia P. L. Co.
United Gas P. L. Co.
Lone Star Gas Co.
United Gas P. L. Co.
Lone Star Gas Co.
Lone Star Gas Co.
Lone Star Gas Co.
United Gas P.L. Co.
Texas P.L. Co.
Lone Star Gas Co.
Lone Star Gas Co.
Humble P.L. Co.
Texas P.L. Co.
Lone Star. Gas Co.
Sinclair P.L. Co.
Magnolia P.L. Co.
United Gas P.L. Co.

Total

.Flood control channel -- tipld
: :No. & :Pipe-: Cost :Purpose:Exclusive
:Channel:size :line :Misc.:Pipe-: :Channel:navigation
:Mile :of pipe:(LF) : :line :Valves:Total:cost * :cost

219.0
220.8
221.4
221.4
230.5
230.5
231.5
276.2
277.0
322.8
323.7
324.6
328.1
330.7
332.7
331.1
337.8
339.0
340.0
340.1
341.8
353.3
354.5
360.9
362.0

1-4"
1-12"
1-10"
2-10"
1-10"
2-8"
2-12"
1-4"
1-20"
1-18"
1-24"
1-20"
3-12"
1-6"
1-16"
1-12"
1-6"
1-6"
1-20"
1-8"
1-8"
1-10"
1-10"
1-16"
1-16"

762
510
548

1,096
478
944
988
498
498
576
490
448

1,320
420
438
434
440
448
442
440
477
954
555
483
508

14
12
15

4
8
3

14
8

12
10
12

9
11

4
7
6
5
5

11
8
6
12

7
9
8

7
15
13
25
11
16
29

5
22
18
30
20
38
5

16
13

5
5

19
8
8

22
13
18
18

1
5
4
8
4
5

10
1

17

17
16

1
11

5
1
1

17
3
3
4
4

11
11

$ 22
32
32
37
23
24

53
14
51
41
56
46
65
10
34
24
11
11
47
19
17
38
24
38
37

$ 22
30
32
61
36
45
65
14
58
49
69
61
62
26
45
31
17
22
69
32
20
29
30
51
46

$1,870 $4,782

-2
-

24
13
21
.2
0
7
8

13
15
-3
16
11

7
6

11
22
13-

3
-9

6
13

$2,912

* See Table 12 for detail cost.
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TABLE 3D
ESTIMATED COST OF POWERLINE RELOCATIONS REQUIRED
FOR NAVIGABLE REACH OF MULTIPLE-PURPOSE CHANNEL

AND NAVIGATION FEATURES IN TENNESSEE COLONY RESERVOIR
($1000)

Flood control:Multiple- :Exclusive
:Channel :Voltage:ch e - :Purpose Chanfnavigation

Name bf owner :Mile :(K.V.) Cost ; Cost :cost

Gulf State Utilities 47,30 69 $ $ 29 $ 29
Gulf State Utilities 47,30 138 63 63
Gulf State Utilities 47.30 69 29 29
Gulf State Utilities 7.70 38.5 29 29
Sam Houston Electric Co. 77.27 12.5 26 26
Gulf State Utilities 91.91 34.5 22 22
Sam Houston Elec. Co. 114.50 12.5 42 42
Gulf State Utilities 127.72 138.0 51 51
Gulf State Utilities 136,05 69.0 46 46
Gulf State Utilities 137.28 33.0 45 45
Gulf State Utilities 167.71 13.2 42 42
Houston County Elec.Coop. 171.60 12.5 26 26
Texas Power & Light Co. 196.69 13.0 45 45
Texas Power & Light Co. 216.19 138.0 5 42 37
Texas Power & Light Co. 219.70 12.5 36 36
Texas Power & Light Co.. 220,57 7.5 11 11
Texas Power & Light Co. 220.57 12.5 16 16
Texas Power & Light Co. 299.70 12.5 16 16
Texas Power.& Light Co. 311.00 345.0 5 51 46
Texas Power & Light Co. 312.91 11.0 16 16
Texas Power & Light Co. 315.5 138.0 45 45
Texas Power & Light Co. 320.00 2.4 11 11
Texas Power & Light Co. 326.0 138.0 5 47 42
Texas Power & Light Co. 326.0 69.0 5 35 30
Dallas Power & Light Co. 326.7 60.0 15 15
Dallas Power & Light Co. 328.8 60.0 47 47
Dallas Power & Light do. 331.1 60.0 10 10
Dallas Power & Light Co. 332.6 13.0 7 7
Dallas Power & Light Co. 333.5 13.0 7 7
Dallas Power & Light Co. 334,0 60.0 . 17 17
Dallas Power & Light Co. 339.0 60 16 16
Dallas Power & Light Co. 340.0 138 5 43 38
Texas Power & Light Co. 342.9 12.5 17 17
Texas Electric Serv. Co. .345.2 12.5 5 28 23
Texas Power & Light Co. 348.1 138 38 38
Texas Electric Serv. Co. 351.4 12.5 5 62 57
Texas Electric Serv. Co. 362.8 66 10 58 48

Subtotal $ 45 1,186 1,141
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TABLE 3E
ESTIMATED COST OF COMMUNICATION LINES RELOCATIONS REQUIRED

FOR NAVIGABLE REACH OF MULTIPLE-PURPOSE CHANNEL AND
NAVIGATION FEATURES IN TENNSSEE COLONY RESERVOIR

($1000)

:Channel
Owner :Mile

Gulf Oil Corp.
SW Bell Telephone Co.
SW Bell Telephone Co.
Atlantic P.L. Co.
SW Bell Telephone Co.
SW Bell Telephone Co.
SW Bell Telephone Co.
SW Bell Telephone Co.
SW Bell 'Telephone Co.
SW Bell Telephone Co.
SW Bell Telephone Co.
SW Bell Telephone Co.
SW Bell Telephone Co.
SW Bell Telephone Co.
SW Bell Telephone Co.
SW Bell Telephone Co.
SW Bell Telephone Co.

45.6
47.8
47.9
64.6
77.3
91.9

136.1
171.6
219.0
326.2
332.2
332.6
333.5
338.5
342.7
345.3
354.1

71T6d control:Multiple-
Type of : channel :Purpose
Crossing : Cost : Cost

7 wire,aerial
2 cablesaerial
1 cable,aerial
2 wires,aerial
30 wires,aerial
1 cable,aerial
26 wires, aerial
2 wires,aerial
10 wires,aerial
2 buried cables
6 cables, aerial
9 cables, aerial
4 cables, aerial
3 cables, aerial
1 cable, aerial
1 cable, aerial
1 cable, buried

Total

$ 4
10
18

6
10

8
9
6
8

49 65
o(1) 280
o(1) 147
o(1) 197
o(1) 223

12
17 17

13

$ 66 $1,033

:Exccusive
navigation
cost

$ 4
10
18

6
10

8
9
6
8
16

280
1447
197
223
12

0
13

$967

(1) Cables suspended from existing bridges.
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TABLE 3F
ESTIMATED COST OF WATER AND SEWER LINE MODIFICATIONS REQUIRED
FOR NAVIGABLE REACH OF MULTIPLE-PURPOSE CHANNEL AND NAVIGATION

FEATURES IN TENNESSEE COLONY RESERVOIR
($1000)

Flood control channel :Multiple navi-
:No. & :Pipe-: Cost :Purpose:gation

:Channel:size :line :Misc.:Pipe-: :Channel: cost

Name of owner :Mile :of pipe:(LF) : :line :Valves:Total:Cost

Dallas City Water Works

I

"t

"t
"t
"t

City of Grand Prairie
*City of Fort Worth
*City of Fort Worth

Subtotal

322.85
324.27
326.2
328.92
328.92
328.92
329.9
331.43
332.05
332.59
335.70
337.23
345.21
356.1
360.0

1-72"
1-24"
1-18"
1-24"
1-36"
1-84"
2-36"
1-24"
1-60'
1-24"
1-36"
1-48"
1-36"
1-60"
1-36"

460
409
390
492
442

50
932
390
406
388
446
452
528
693
478

$12
8
7

37
20
15
7
7

10
12
12

133
12

$ 62
23
18

85

103
25
45
25
38
48
45
94
38

$292 $649

None $ 74
31
25

122
123
40
52
32
48
60
57

227
50

$ 76
34
32

113
133

48
68
29
50
62
62

227
56

$941 $990

$2
3
7

-9
10

8
16
-3

2
2
5

6

$ 49

*Constructed after submission of Project Document
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TABLE 4

ESTIMATED COST OF NAVIGATION DAMS
FOR NAVIGABLE REACH OF MULTIPLE-PURPOSE CHANNEL

($1000)

: Number & : Flood control: Multiple- : Ecclusive
: size of : channel : purpose : navigation

Dam No. : tainter gates(ft.) : cost : channel cost : costs

1 4-40x20(l) None - -
3 6-1+0x30.5 - $3,699 $ 3,699
4 6-1+0x36 - 3,513 3,513
5A - - - -
5B - - - -
6 5-IOx44 - 3,669 3,669
7 5-1f0x111 - 3,328 3,328
9 6-14Ox46 - 3,825 3,825
lOA - - - -
lOB - - - -
11 Overflow spillway - 2,355 2,355
12 5-10x28- 2,354 2,351+
13 6--+0x32 - 3,293 3,293
14 5-40x26 -2,410 2,1110
16 5- 110x27 - 2,611 2,611
17 5-110x3O- 2,519 2,519
18 5-1+0x3 11.5 - 2,740 2,740
19 6-40x214- 3,237 3,237
20 6-11Ox28 - 3,272 3,272
21 6-1+0x31 -. 3,214 3,211

Subtotal $ 46,039 $ 116,039

(1) Cost included in Wallisville Reservoir project.
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TABLE 5
ESTIMATED COST OF NAVIGATION LOCKS FOR NAVIGABLE REACH OF

MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES IN
TENNESSEE COLONY RESERVOIR($1000)

Flood control : Multiple-
channel : Purpose Exclusive

Cost : channel navigation
Lock No. : C 0 ne : cost

1 None None None
3 - $ 10,753 $ 10,753
4 11,498 11,498
5A 10,407 10,407
5B - 12,130 12,130
6 - 9,971 9,971
7 11,052 11,052
9 - 11,366 11,366
10A - 10,243 10,243
lOB *4,553 4,553
11 10,167 10,167
12 - 8,793 8,793
13 -ilo,684 io,684
14 10,174 10,174
16 - 10,333 10,333
17 - 9,165 9,165
18 9,110 9,110
19 7,844 7,844
20 8,578 8,578
21 - 8,752 8,752

Subtotal $ 185,573 $ 185,573

* Costs shown is for downstream portion of lock, which would be constructed

after dam is completed. Upstream portion of lock would be constructed

integrally with dam.
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TABLE 6
ESTIMATED COST OF ACCESS ROADS TO LOCKS & DAMS FOR

NAVIGABLE REACH OF MULTIPLE-PURPOSE CHANNEL AND NAVIGATION
FEATURE IN TiNESSEE COLONY REERVOIR

($1000)

Flood control : Multiple-Purpos. : Exclusive
channel Channel : navigation

Pool No. Cost Cost* : cost

Tidal None None None

3 - $ 379 $ 379
4 - 152 152
5A - 87 87
% - 20 %20
6 - 556 556
7 - 635 635
9 - 924 924
lOA - 485 485
103 - - -

11 - 186 186
12 - 431 431
13 - 834 834
14 - 18 18
16 - 109 109
17 - 27 27
18 - 135 135
19 - 33 33
20 - 647 647
21 - 9 9

Subtotal. $ 5,667 $ 5,667

* See table 13 detail costs.
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TABLE 7A
ESTIMATED COST OF CHANNEL WORK FOR NAVIGABLE REACH

OF MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES
IN TENNESSEE COLONY RESERVOIR($l000)

CLEARING AND GRUBBING R.O.W.

:Flood control Chha.
Quantity

Pool No.: (acres) : Cost

Tidal
1
3
4
5A
5B
6
7
9
10A
lOB
11
12
13
14
16
17
18
19
20
21

934
506

1,258
36

793
1,943
1,451

319
28

427
359
404
135
267

20
216
232

80

$ 360
111
208

6
131
152
367

75
6
0
0

94
79
88
30
59

6
24
38
13

Quantity
: (acres)

599
536
460

58

860
1,064

439
61

1,120
418
487
516
543
253
590
71

220
232
80

-Purpose Chan.

: Cost

*e31
118

76
10

67
273
103

13
431

92
107
114
119

56
130

8
24
38
13

: Exclusive
navigation

: Cost

*$-129
7

-132
4

-131
-85
-914
28
7

431
92
13
35
31
26
71
2
0
0
0

Subtotal 9,408 $ 1,847 8,607 $ 2,023

* Negative cost indicates less R.O.W. required due to shorter length of the
multiple-purpose channel.
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TABLE 7B
ESTIMATED COST OF CHANNEL WORK FOR NAVIGABLE REACH
OF MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES

IN TENNESSEE COLONY RESERVOIR($1000)

CLEARING OF SPOIL AREAS

:.Flood control Chan. :J0l pe-e ~oLChan.: Exclusive
Quantity : Quantity : navigation

Pool No. : (acres) : Cost : (acres) : Cost : Cost

Tidal
1
3
4
5A
5B
6
7
9
1OA
lOB
11
12
13
14
16
17
18
19
20
21

Subtotal

$
612
808
338

206
605

1,004
766

29

138
586
1468
387
208

6,155

67
89
27

23
67

140
84

3

15
64
51
43
23

820
742

2,389
1,453
1,102

2,825
1437
676
605
746
292

$696 12,087

90
59

263
192
121

622
48
7)4
67
82
32

$1,650

$-67
1

32

-23
196

52
37
-3

622
33
10
16
39
9

$ 954
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TABLE 7C
ESTIMATED COST OF CHANNEL WORK FOR NAVIGABLE REACH
OF MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES

IN TENNESSEE COLONY RESERVOIR ($1000)

COMMON EXCAVATION

Flood control
Quantity
(CY)

channel

: Cost

Multiple-Purpose channel
Quantity

(CY) : Cost

Excius ive
navigation

Cost

36,043,400
19,972,100
8,433,000

5,318,300
14,680,100
23,979,300
18,696,100

948, 900

3,339,600'
13,632,200
11,914,000
10,476,100
5,297,100
9,008,500
7,926,200
7,780,000
8,474,600
4,898,400

$ 10,702
5,392
2,699

2,606
4,698
8,198
6,357

323

1,069
5,044
3,813
3,352
1,960
3,333
2,933
2,879
3,136
1,812

4,912,000
33,492,400
20,275,500
18,209,600

460,500
45,346,400
55,595,500
34,086,700
26,831,100

233,500
22,787,600
10,586,800
15,683,700
15,238,200
19,171,900
7,319,000

13,093,700
10,048,200
7,917,200
8,474,600
5,527,100

Subtotal 210,817,900 $ 70,306 375,291,200

98

Pool No.

Tidal
1
3
4
5A
5B
6
7
9
1OA
lOB
11
12
13.
14
16
17
18
19
20
21

$ 1,375
9,867
5,474
5,827

147
22,220
17,791
11,888
9,123

79
6,608
3,388
5,803
4,876
6,135
2,708
4,845
3,718
2,929
3,136
2,045

$ 1,375
-835

82
3,128

147
19,614
13,093
3,690
2,766

-244
6,608
2,319

759
1,063
2,783

748
1,512

785
50

233

$129,982 $ 59,676

I
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TABLE 7D
ESTIMATED COST OF CHANNEL WORK FOR NAVIGABLE REACH
OF MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES

IN TENNESSEE COLONY RESERVOIR($1000)

ROCK EXCAVATION

Flood control channel: Multiple-Purpose Chad Exclusive
Quantity : : Quantity : : navigation

Pool No. : (CY) : Cost : (Cy) : Cost : cost

810,900
1,083,100

881,700
89,400

378,100
3,2L 3,200

$ 2,838
3,791
3, 086

313
1,323

41, 351

3,080,500
1,850,000
1,013, 500

89,100
426,900
,60,000

$10,782
6,s475
3.547

312
1,494

p22,610

$7,944
2,684

461
-1

171
$11,259

99

6
7
12
20
21
Subtotal
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TABLE 7E
ESTIMATED CCrT OF CHAN I7 WFOR F)R NAVIGABLE REACH OF

MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES
IN TENNESSEE COLONY RESERVOIR ($1000)

RIVER DIVERSION DAMS

Flood control Chan.:
:Quantity :

(Each) : CostPool No.
Tidal
1
3
4
5A
5B
6
7
9
1OA
lOB
11
12
13
14
16
17 -
18
19
20
21
Subtotal

$ 361
129

77

Multiple-Purpose
Quantity: Chan.

(ach) : Cost

16
8
7

4
11
10
4

103
258
232

52

77

103
181
335
77
77

80 $2,062

5
7
5
4

$ 412
206
181

103
284
258
103

-o
129
181
129
103

81 $2,089

*Additional diversion dams required for
crossing river alignment.

single-purpose channel alignment

100

14
5

4
10

9
2

3

4
7

13
3
3

Exclusive
navigation
cost

$ 51
77

104

26
26
51

-77
129

78
-52

*. -232
-77
-77

$27

:
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TABLE 7F
ESTIMATED COST OF CHANNEL WORK FOR NAVIGABLE REACH

OF MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES
IN TENNESSEE COLONY RESERVOIR ($1000)

BANK STABILIZATION, REMOVAL OF ABANDONED
LOCKS & TRIBUTARY INFLOW DROP STRUCTURES

:Flood control:Multiple-Purp.: Exclusive
channel : channel : navigation

Channel Mile : Item Cost : Cost : cost

35.5 - 47.4 Bank stabilization - $ 387 $ 387

129.2 Removal of abandoned
lock- 21+ 24

17.4 - 233.5 Bank stabilization - 2,222 2,222

117.4 - 233.5 Tributary inflow $ 72 72 0
drop structures

311.0 Removal of abandoned
lock- 21 24

32 5.0 Removal of abandoned
lock 24 24

Subtotal $ 72 $2,753 $ 2,681
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TABLE 8
ESTIMATED COST OF BUILDINGS, GROUNDS, & UTILITIES

REQUIRED FOR NAVIGABLE REACH OF MULTIPLE-PURPOSE CHANNEL
AND NAVIGATION FEATURES IN TENNESSEE COLONY RESERVOIR

($1000)

Flood control i Multiple- : Exclusive
Channel : No.Units: channel : Purpose Chan navigation
Mile : Required : Cost : Cost : cost

O.0to35.5 1 0 0 0
35.5 to 47.4 - - -
47.4 to 233.5 8 - 1,223 1,223
233.5 to 274.4 2 - 306 306
274.4 to 322.0 5 - 764 764
322.0 to 326.7 - - --
326.7 to 331.1 - - -
331.1 to 338.8 1 - 153 153
338.8 to 362.8 3 - 459 459

Subtotal $ 2,905 $ 2,905
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TABLE 9
ESTIMATED COST OF PERMANENT OPERATING EQUIPMENT
REQUIRED FOR NAVIGABLE REACH OF MULTIPLE-PURPOSE

CHANNEL AND NAVIGATION FEATURES IN TENNESSEE COLONY RESERVOIR
($1000)

:Heavy : Flood : Multiple- .:Exclusive
:duty : control : Purpose :navigation

:Operation :maintenance : channel : channel
:equipment : & equipment:

Channel Mile :for Lock No. : (sets) : Cost : Cost : Cost

0.0 to 35.5 1(1) None None $ 6 $ 6
35.5 to 47.4 1(1) None 11 11
47.4 to 233.5 3,1,5A,6,7,& 9 2 - 598 598
233.5 to 274.4 10B & 11 1 - 146 146

274.4 to 322.0 12 thru 17 - 309 309

322.0 to 326.7 None None 3 3

326.7 to 331.1 None None - 3 3

331.1 to 338.8 18 - 64 64
338.8 to 362.8 19, 20, & 21 3/4 - 197 197

Subtotal $1,337 $ 1,337

(1) Cost of operating equipment for Lock No. 1 is included in cost of

Wallisville Reservoir project.

TABLE 10
ESTIMATED COST OF AIDS TO NAVIGATION RDQUIRKD FOR NAVIGABLE

REACH OF MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES IN

TENNESSEE COLONY RESERVOIR
($1000)

Current cost :Flood :Multiple-
:Single :Third ;Light :Buoy :control:Purpose :Exclusive

:pile :class : attendant:boat :channel: Channel :navigation

Channel Mile :daybeacons:RR buoys:station :45-ft :Cost : cost :cost

0.0 to 35.5 - - ~

35.5 to 47.4 - - ~

47.4 to 233.5 142.50 10.0 150.00 150.00 - $ 452.5 $ 452.5
233.5 to 274.4 17.0 150.00 150.00 - 317.0 317.0

274.4 to 322.0 47.00 - 47.0 47.0

322.0 to 326.7 4.50 - 4.5 4.5
326.7 to 331.1 4.50 - 4.5 4.5

331.1 to 338.8 7.50 - 7.5 7.5

338.8 to 362.8 24.00 - 24.0 24.0

Total - Mile 0.0 to 369.8 $857.0 $857.0
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TABLE 11
ESTIMATED ANNUAL COST OF MAINTENANCE, OPERATION AND REPLACEMENT

FOR DEIGNATED REACHES OF MULTIPLE-PURPOSE CHANNEL
HOUSTON SHIP CHANNEL TO FORT WORTH, TEXAS

: 0.0 to : 35.5 to: 47.4 to :233.5 to : 274.4 to: 322.0 to : 326.7 to ; 331.1 to : 338.7 to : 362.8 to
35.5 : 47.4 : 233.5 : 274.4 : 322.0 : 326.7 : 331.1 : 338.7 : 362.8 : 369.8

Item of annual cost : (1) : (2) : (3) : (4) : (5) : (6) : (7) : (8) : (9) : (10) : Total

Locks, dams and river
observation system

Operating personnel - - $ 605,300 $151,100 $378,200 - - $ 75,500 $226,600 - $ 1,436,700
Ordinary maintenance
supplies - - 65,200 17,100 41,600 - - 8,500 25,500 - 157,900

Major repair and
painting - - 146,000 36,400 91,200 - - 18,100 54,500 - 346,200
Major replacements:
Dams - - 31,200 - 30,700 - - 6,100 18,300 - 86,300
Locks - - 56,000 14,700 35,000 - - 6,900 20,900 0 133,500
Permanent Operating
equipment - - 37,200 9,400 23,200 - - 4,700 14,100 - 88,600

Access Roads
Maintenance - - 29,000 14,300 10,100 - - - 3,200 - 56,600
Major replacement - - 60,600 27,700 20,100 - - - 6,200 - 114,600

Railroad bridges
Maintenance & operation - - 138,000 23,000 - - 46,000 46,000 46,000 - 299,000
Major replacement - - 20,800 3,500 - - 6,900 6,900 6,900 - 45,000

Channel dredging - 32,400 625,500 252,900 243,500 31,200 36,000 38,600 167,200 - 1,427,300
Channel revetment - 9,200 48,300 - - - - - - - 57,500
Aids to navigation -
Maintenance - - 42,500 42,500 - - - - - - 85,000
Major replacement - - 12,900 3,000 3,300 300 300 500 1,700 - 22,000

Recreational facilities 29,000 8,000 103,000 - 70,000 - - 11,000 30,000 - 251,000
Total 29,000 49,600 2,021,500 595,600 946,900 31,500 89,200 222,800 621,100 $ 4,607,200

(1 UeaH t l v i 1e r 7 +...-e s,.. . _' -' ----- -.. .
I ') ou o Sh, s np Channeli o upper Reacn o wuliwsvi e Reservoir.

(2) Upper Reach of Wallisville Reservoir to head of authorized
channel to Liberty.

(3) Head of authorized channel to Liberty to Tennessee Colony
Reservoir dam.

(4) Tennessee Colony dam to Lock and Dam No. 12.

(5) Lock and Dam No. 12 to Five-mile Creek.
(6) Five-mile Creek to Dallas Terminus.
(7) Dallas Terminus to Dallas Floodway.
(8) Dallas Floodway.
(9) Dallas Floodway .to Fort Worth terminus.
10) Fort Worth terminus to and including Riverside Drive bridges.

TABLE 11
ESTIMATED ANNUAL COST OF MAINTENANCE,

OPERATION & REFLACEMENT

0



Table 12
Estimated Cost of Pipeline Relocations Required for Navigable
Reach of Multiple-Purpose Channel and Navigation Features in
Tennessee Colony Reservoir (200' Bottom Width at 12' Depth)

: :No.of : : : . : :Wt. & ::
: pipe, : :Unit : Pipe :Excava-:Unit: : coat : No. Unit :Valves : Total

: Channel: size and : Pipe :cost : cost : tion :cost: Cost :misc.** : Cost : of cost : cost cost
Name of owner Mile : commodity:(L.F.): ($) :($1000): (Yds.):($):($1000): :($1000):valves:($1000):($1000):($1000)

Sinclair Pipeline Co.
Humble Pipeline Co.
Union Carbide Corp.
Texas Eastern
Texas Eastern
Texas Eastern
Service P. L. Co.
Humble P. L. Co.
Humble P. L. Co.
Humble P. L. Co.
Humble P. L. Co.
United Gas P. L. Co.
Tennessee Gas P. L. Co.
Tennessee Gas P. L. Co.
Warren Pet. Co.
Gulf Oil Corp.
Gulf Refining Co.
Colonial P. L. Co.
Sinclair P.- L. Co.
Texas P. L. Co.
Trans-Southern P. L. Co.
Magnolia P. L. Co.
Magnolia P. L. Co.
Magnolia P. L. Co.
Blacklake P. L. Co.
Cities Service
Sun P. L. Co.
Gulf Oil Corp.
Humble P. L. Co.
Gulf Oil Corp.

29.6
30.6
30.6
30.6
30.6
30.6
30.6
30.6
30.6
30.6
30.6
30.6
30.6
30.6
30.6
30.6
30.9
34.8
34.8
34.8.
35.0
41.0
41.0
41.0
41.1
42.1
42.1
44.5
44.6
45.6

1-8" 574
1-8" 390
1-6" 626
2-30"Gas 900
1-16"Prod. 475
2-20"Gas 900
1-8"Prod. 475
1-30"Gas 475
1-3"Gas 475
1-8"Gas 455
1-10"Gas 525'
1-20"Gas 455
1-6"Prod. 475
1-30"Gas 475
1-8"Eth. 475
1-8"Eth. 455
1-10" 654
1-36" 514
1-12"Oil (No
1-20"Oil (
2-10"L.P. (
1-14"Gas 200
1-12"Prod. 200
5-8"Gas 1,000
1-8"Gas 200
1-12"Oil 200
1-6"Oil 200
2-8"011 250
1-7"Gas 150
1-4"Oil 150

17 9.7 6,493 .70 4.5
17 6.6 2,627 .70 1.8
12 7.5 8,499 .70 5.9
77 69.3 14,530 .70 10.1
37 17.5 6,165 .70 4.3
44 39.6 12,082 .70 8.4
17 8.0 8,498 .70 5.9
77 36.5 6,938 .70 4.8

6 2.8 7,907 .70 5.5
17 7.7 2,423 .70 1.7
23 12.0 2,939 .70 2.0
44 20.0 4,841 .70 3.4
12 57.0 0 .70 -
77 36.6 6,100 .70 4.3
17 8.1 5,224 .70 3.6
17 7.7 7,246 .70 5.0
23 15.0 9,956 .70 6.9
90 45.2 9,111 .70 6.4

charge-cost included in authorized

33
29
17
17
29
12
17
17
9

6.6
5.8

17.0
3.4
5.8
2.4
4.2
2.5
1.4

2, 500
2,500
5,030
5,040
2,030
4,050
3,000
1,980
4,049

.70

.70

.70

.70
.70
.70
.70
.70
.70

1.7
1.7
3.5
3.5
1.4
2.8
2.1
1.4
2.8

0
U'

1.5
1.2
1.1

21.5
3.8

10.6
1.3-

11.0
.2

1.3
1.9
5.3
2.4

11.0
1.4
1.3
2.2

17.1

2
2
2
4
2
4
2
2
2
2
2
2
2
2
2
2
2
2

1.3
1.3
.4

13.3
5.4
8.6
1.3

13.3
.2

1.3
1.9
8.6
.4

1-3.3
1.3
1.3
1.9

16.5

2.6
2.6
.9

53.1
10.8
34.3
2.6

26.5
.4

2.6
3.8

17.1
.9

26.5
2.6
2.6
3.8

33.0

574
390
626
900
475
900
475
475
475
455
525
455
475
475
475
455
654
514

project.)

200
200

1,000
200
200
200
250
150
150

18.3
12.3
15.4

154.1
36.5
93.0
18.0
79.0
9.0

13.4
19.9
45.9
8.9

78.4
15.7
16.7
2$.1

102.8

8.9

22:
7.3
7.7
5.5
6.8
4.2
4.3

.6

.5
1.9
.4
.5
.3
.5
.3
.2



Table 12 (Cont'd)
200' Bottom Width

: :.No.of : : :Wt.& : :
: : pipe, :Unit : Pipe :Excava-:Unit: coat : : No. : Unit : Valves: Total
: Channel: size and : Pipe :cost : cost : tion :cost: Cost :misc.**-: Cost : of : cost : cost : cost

Name of owner : Mile :commodity :(L.F.): ($) :($1000): (Yds.): ($):($1000): :($1000):valves:($1000):($1000):($1000)

United Gas P. L. Co. 45.7
United Gas P. L. Co. 45.7
Gulf Oil Corp. 45.7
Gulf Oil Corp. 47.4
Industrial Gas Sup. Co. 46.4
Humble Oil Co. 47.4
United Gas P.L. Co. 47.8
Sun P. L. Co. 47.3
Sun P. L. Co. 49.1
Sinclair P. L. Co. 49.1
Nat. Gas Pipeline Co.ofAm.50.7

a Magnolia P. L. Co. 51.9
Trans.Cont.Gas P. L. Co. 52.4
Trans. Cont. Gas P. L. Co.52.4
Magnolia P. L. Co. 55.4
Magnolia P. L. Co. 55.4
Houston P. L. Co. 59.6
Houston P. L. Co. 59.6
Atlantic P. L. Co. 64.6
Trunkline Gas Sup. Co. 65.9
Gulf Oil Corp. 77.9
Tennessee Gas P. L. Co. 85.0
Tennessee Gas P. L.. Co. 85.0
Tennessee Gas P. L. Co. 86.3
Tennessee Gas P. L. Co. 86.3
.Tennessee Gas P. L. Co. 86.3
Nat. Gas P. L. Co. 90.2
Nat. Gas P. L. Co. 90.2
United Gas P. L. Co. 91.8
United Gas P. L. Co. 91.8
Service P. L. Co. 93.0
Shell P. L. Co. 93.0
Shell P. L. Co. 93.0

1-6"Gas
1-10"Gas
1-6"Oil
1-6"0il
1-10"Gas
1-8"Oil
1- 8 "Gas
1-8"Oil
1-6"Oil
1-12"Oil
1-30"Gas
2-8"Oil
2 -24 "Gas
1-30"Gas
1-10" LPG
1-8"Oil
1-18"Gas
1-12"Gas
2-10"Oil
2 -2 4 "Gas
1-16"LPG
1-12"Gas
1-6"Gas
1-30"Gas
1-2 6 "Gas
3 -1 6 "Gas
2 -2 4"Gas
1-30"Gas
5- 8 "Gas
3 -20"Gas
1-12"Oil
2-10"Oil
1-6"011

150
150
150
150
150-
150

1,110
590
590
576
810

1,116
1,132
566
576
576
850
564

1,156
1,156

578
776
776
775
778

2,274
1,304

890
3,240
1,944

622
1,106

554

12
23
12
12

23
17
17
17
12
29
77
17
69
77
23
17
38
29
23
69
23
29
12
77
70
37
69
77
17
44
29
23
12

1.8
3.4
1.8
1.8
3.4
2.5

18.6
10.0
7.0

16.7
62.3
18.9
78.1
43.6
13.2
9.8

32.3
16.3
26.6
79.7
13.3
23.5
9.3

59.7
54.5
84.1
89.9
68.5
55.1
85.5
18.0
25.4

6:6

3, 500
2,500
3,000
3,000
4,020
5,000

13,850
18,260
18,260
15,940
24,155
12,960
15,000
15,000
15,940o
15,940
15,940
18,600
15,940
17, 670
15,900
23,200
23,200
23,200
23,200
29, 500
29,800
27,257
36,600
32,100
22,900
15,620
20,800

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70

2.4 150
1.7 150
2:1 150
2.1 150
2.8 150
3.5 150
9.7 1,110

12.8 590
12.8 590
11.1 576
16.9 810
9.1 1,116

10.5 1,132
10.5 566
11.1 576
11.1 576
91.1(1) 850
13.0 564
11.1 1,156
12.4 1,156
11.1 578
16.2 776
16.2 776
16.2 778
16.2 778
20.6 2,274
20.8 1,304
19.1 890
25.6 3,240
22.4 1,944
16.0 622
10.9 1,106
14.6 554

.2

.3
.2
.2

.3

.3
2.2
1.6
1.0
2.6

14.4
3.0

15.7
11.9
2.0
1.6
6.0
2.6
4.1

15.8
2.0
3.1
1.3

13.9
11.1
14.5
16.7
15.3
8.5

18.7
2.7
3.9

.9

2
2
2
2
2
4
4
2
2
2
2
2
4
4
2
2
2
2
2
6
.4
2

10
6
2
4
2

1.3
1.3
.5

2.6
13.3
1.3
7.1

13.3
1.9
1.3
6.7
2.6
1.9
7.1
1.9
2.6
.4

13.3
7.6
5.4
7.1

13.3
1.3
8.6
2.6
1.9

.4

2.6
2.6
.9

5.3
26.6

5.2
28.7
26.6

3.8
2.6

13.5
5.3
7.7
28.7
3.8
5.2

.9
26.6
15.1
32.4
28.7
26.5
13.1
51.4
5.3
747

.9

4.4
5.5
4.1
4.1

6.6

6.3
33.4
27.0
21.8
35.7

120.3
36.3
132.9
92.6
30.3
25.1

142.9
37.2
49.5

136.6
30.3
47.2
27.7

116.4
97.0

151.8
156.2
129.4
102.4
178.2
42.1
48.0
23.1



Table 12 (Cont'd)
200' Bottom Width

:No.of : Wt.&.:
: pipe, : : Unit: Pipe :Excava-:Unit: coat No. : Unit : Valves: Total

:Channel : size and : Pipe : cost: cost : tion :cost: Cost :misc.** : Cost : of : cost : cost : costName of owner : Mile : commodity:(L.F.): ($) :($1000): (Yds.): ($):($1000): :($1000):valves:($1000):($1000):($1000)

T as Ftin
exas stern

American Liberty
United Gas P. L. Co.
Morgas Pipe Line Co.
Morgas Pipe Line Co.
Gulf Oil Corp.
Pure Trans. Co.
Lone Star Gas Co.
Lone Star Gas Co.
Humble P. L. Co.
Humble P. L. Co.
Humble Oil & Refg. Co.
Humble Oil & Refg. Co.
Magnolia P. L. Co.
Sinclair P. L. Co.
Lone Star Gas Co.
Gulf Oil Corp.
Gulf Oil Corp.
Humble P. L. Co.
Humble P. L. Co.
Sinclair P. L. Co.
Humble P. L. Co.
Magnolia P. L. Co.
United Gas P. L. Co.
United Gas P. L. Co.
Lone Star Gas Co.
Lone Star Gas Co.
Lone Star Gas Co.

116.7
116.7
125.4
135.3
153.9
153.9
190.6
168.2
171.0
205.9
205.9
207.8
207.9
207.9
209.8
219.3
220.8
221.4
221.4
230.5
230.5
232.8
276.2
277.0
322.8
324.6
323.7
328.1
330.7

1-2 4 "Gas 656
1-16 "Gas 656
1-8"oil 606
2- 6 "Gas 1,768
1-8" 684
1-12" 684
1-26

"Gas 1,316
i-6"oil 616
1-12"Gas 634
2- 6 "Gas 1,316
1-4"oi1 654
1-4"Oil 654

1-4"SaltH 2 O 552
l-22"Gas 552
2-20"011 1,256
1-4"Oil 510
1-12"Gas 520
1-10"Prod. 578
2 -10"LPG 1,296
1-10"Oil 628
2-8"LPG 1,256
2-12"0il 1,204
1-4"0il 558
1-20"oil 566
1-1 8 "Gas 552
1-20"Gas 590
1-24"N. Gas 540
3-12"Gas 1,278
1-6"Gas 628

0
V

69
37
17
12
17
29
70
12
29
12
9
9
9
6

44
9

29
23
23
23
17
29

9
44
38
44
69
29
12

45.3
24.3
10.3
21.2
11.6
19.8
92.1

7.4
18.4
15.8
5.9
5.9
5.0
3.3

55.3
4.6

15.0
13.3
29.8
14.4

21.3
34.9

5.0
24.9
20.9
25.9
37.3
37.0

7.-5

61,100
21,000
18,600
30,300
43,000
43,000
27,700
22,300
25,000
24,800
25, 600
25, 600
14,700
14,700
26,700
23,100

9,700
16,200
26,900
22,000
22,000
20, 500
11,680
15,000
13, 500
17,700
13,200
3,051

23,100

.70

.70

.70

.70

.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70
.70

42.7
14.7
13.0
21.2
30.1
30.1
19.4
15.6
17.5
17.4
17.9
17.9
10.3
10.3
18.7
16.1
6.8

13.4
18.8
15.4
15.4
14.3
8.2

10.5
9.4

12.4
9.2
2.1

16.2

656
656
606

1,768
684
684

1,316
616
634

1, 316
654
654
552
552

1,256
510
520
578

1,296
628

1,256
1,204

558
566
522
590
540

1,278
628

8.1
4.5
1.5
2.9
1.a7
2.9

15.3
1.0
2.8
2.3

.8

.8
.6

.3
12.3

.7
2.5
1L9
4.4
2.2
3.3
5.4
.7

5.8

4.6
5.9
7.7
6.7
1.1

2
2
2
4
2
2
2
2
2
4
4
2
2
2
4
2
2
2
4
2
4
4
2
2
2
2
7

6
2

7.2
5.4
1.3

.4
1.3
2.6
7.6
4.6
2.6

.5

.2

.2

.2

.2
8.6
.2

2.6
1.9
1.9

1.9
1.3
2.6

.2
8.5
6.7
8.5

7.2
2.6

.5

14.3
10. 8
2.6
1.8
2.'6
5.3

15.2
.9

5.3
1.8
1.0

.5

.5

.4
34.3

.5
5.3
3.8
7.6
3.8

5.2
10.5

.5
17.2
13.5
17.1
14.3

15.8
.9

110.4

54.3
27.4
74.8
46.1
58.1

142.0
25.0
43.9
37.3
25.6
25.1
16.4
14.3

120.6
21.9
29.6
32.4
60.7
35.8
45.3
65.2
14.4
58.4
48.5
61.3
68.5

61.7
25.7



Table 12 (Cont'd)
(200' Bottom Width)

: No. of : : : :Wt.&:

: : pipe, ::Unit : Pipe :Excava-:Unit: : coat : : No. : Unit : Valves: Total

.ame of owner - : Channel: size and : Pipe :cost : cost : tion :cost: Cost :misc.**:: Cost : of : cost cost cost.

Mile : commodity:(L.F.): ($) :($1000): (Yds): ($):($1000): :($1000):valves:($l000):($1000):($1000)

Lone Star Gas Co. 332.7 1-16"Gas 552 37 20.4 13,500 .70 9.4 552 4.1 2 5.4 10.8 44.8

United Gas P. L. Co. 333.1 1-12"Gas 532 29 15.4 10,900 .70 7.6 532 2.5 2 2.6 5.3 30.8

Texas P. L. Co. 337.8 1-6" 514 12 6.1 12,200 .70 8.5 514 .9 2 .5 . .9 16.5
Lone Star Gas Co. 339.0 1-6'Gas 596 12 7.1 18,400 .70 12.8 596 1.1 2 .4 .9 22.0

Lone Star Gas Co. 340.0 1-20"Gas 68o 44 29.9 22,200 .70 15.5 680 6.4 2 8.6 17.2 69.0

Humble P. L. Co. 340.1 1-8"Prod. 634 17 10.7 24,100 .70 16.8 634 1.7 2 1.3 2.6 31.9

Texas P. L. Co. 341.8 1-8"Prod. 478 17 8.1 11,700 .70 8.2 478 1.4 2 1.3 2.6 20.3

Lone Star Gas Co. 353.3 1-10"Gas 602 23 13.8 13,850 .70 9.7 602 2.1 2 1.9 3.8 29.4

Sinclair P. L. Co. 354.5 1-10"Prod. 576 23 13.2 15,920 .70 11.1 576 2.0 2 1.9 3.8 30.3

Magnolia P. L. Co. 360.9 596 37 22.0 20,400 .70 14.3 596 4.2 2 5.4 10.8 51.4

United Gas P. L. Co. 362.0 558 37 20.6 14,600 .70 10.2 558 4.1 2 5.4 10.8 45.8
Total

*Unit cost of pipe is the installed price for line pipe & casing.

**Misc. includes casing cradles, seals, and vents. Also 450 weld ells and weld neck flanges

are included in this item.
(1) Estimate covers 2 - 100-foot towers and suspension bridge to carry elevated pipeline providing

52-foot clearance above maximum navigation elevation.

0, )



TABLE 13
ESTIMATED COST OF ACCESS ROADS TO LOCKS AND DAMS FOR

NAVIGABLE REACH OF MULTIPLE-PURPOSE CHANNEL AND NAVIGATION
FEATURES IN TENNESSEE COLONY RESERVOIR

($1000)

Clearing: : Select :Double : Bridge :Marking :Rework
Lock : & : base : Flexible : Prime :bituminous : : Approach : Drainage :& traffic: exist.
No. grubbing: Excavation: material : base coat :treatment : Structure: fill : structure: Fencing: signs :road crown: Total

1 0.00(1)3 29,015 24,000 100,200 100,200 5,262 60,210 0 0 11,500 48,160 550 0 $379,0974 2,904 87,300 17,610 17,610 924 10,548 4,680 0 2,000 8,448 300 0 152,324
5A 4,120 7,176 15,960 21,960 1,570 17,955 0 0 3,500 14,368 320 399 87,3285B 0 0 5,970 7,380 488 5,544 0 0 0 0 50 0 19,5016 20,100 16,896 54,675 67,320 3,696 42,255 285,000 0 10,000 46,480 50 9,388 556,310
7 23,625 27,450 67,380 79,080 6,005 68,670 285,000 8,959 12,500 54,880 575 940 635,064
9 10,725 23,310 51,780 71,220 5,100 58,320 622,060 18,921 11,000 49,840 550 1,295 924,1211OA 36,600 34,900 116,600 106,800 7,650 87,300 0 0 18,000 76,00 300 0 485,050
lOB - - - - - . - - - - - - (2)
11 6,540 15,210 41,310 46,500 3,325 38,016 - - 3,500 30,400 400 469 185,670 (2)12 18,180 21,120 56,340 112,500 4,625 52,830 104,500 6,477 10,000 43,120 500 705 430,89713 6,888 4,800 16,020 14,652 1,050 11,988 760,000 0 2,500 16,000 300 0 834,198
14 344 8,116 2,667 2,445 175 1,998 0 0 500 1,600 200 0 18,04516 3,600 8,400 26,130 25,680 1,838 21,015 0 0 4,000 16,800 250 890 108,603
17 1,800 2,004 6,675 6,120 438 5,004 0 0 1,000 4,000 200 0 27,241
18 675 810 135 150 17 150 133,000 - - - 200 - 135,140
19 1,050 2,490 8,280 7,620 543 6,201 1,500 - - 4,960 200 - 32,844
20 6,600 5,299 14,580 15,960 1,144 13,725 570,000 - 3,500 15,200 300 1,423 647,661
21 300 642 2,160 1,950 168 1,602 500 - - 1,280 200 - 8,802

Total $5,667, 596

Note: Prices are as of January 1967
(1) Costs for access road to Lock No.1 are contained
(2) Access road to Lock 1OA passes through Lock site

in estimated cost of recommended Wallisville Reservoir.
10 B - all cost of road has been to Lock 10A.

0



TABLE 14

Detailed Estimate of First Cost for a Typical Navigation

Dam for Navigable Reach of Multiple-Purpose Channel and
Navigation Features in Tennessee Colony Reservoir

Dam No. 4
: Six gates 40' x 36'

Designation :Unit : Quantity : Unit Price : Amount

Clearing
Care & diversion of water
Excavation & grading

Common
Rock

Steel bearing piles(14BP73)
Sill
Apron

Steel sheet piles
Cut-off (MA -31)

Cut-off (MA-22)
Stor. yd. wall (LZ-38)

Concrete
Apron
Sill
Pier
Abutment ftgs & walls
6" stor. yd. paving &
slope protection

Cement
Re inf orc ement
Fill (incl.stor.yd)
Embankment dike
Filter blanket
-Riprap (inc. cement)
Service bridge

Tainter gate (anchorage &
emb. met.)

Tainter gate (movable pts)
Pier nose armor
Water stops (copper)
Stop logs
Metal, misc.
Lighting system & power sply.
Tainter gate opr. equip.
Rubber seals. molded
Gratings
Handrail
Crane track-80 Lb rail
Stor. yd track-60 Lb.rail
12 Ton track-crane (instal)
Stor. yd cars
Pick-up device
Stor. yd. pier superstruc.
Cathodic protection

Total

Acre
Job

CY
CY

IF
LF

SF
SF
SF

CY
CY
CY
CY

CY
BBL
LB
CY
CY
CY
CY
LB

LB
LB
LB
LB
Job
LB
Job
Each
LB
SF
IF
Tr. Ft.
Tr. Ft.
Job
Each
Each
Job
Job

Sum

990,000 $ 0.60

52,000 9.75
5,180 9.75

6,56o 5.50
8,250 4.50

16,800 6.40

1,710 26.00
6,)450 26.00
7,150 40.00
3,340 31.00

230 24.00
23,600 5.00

566,1400 0.15
8,700 0.65

1,620 7.00
3,100 22.00

218,000 0.35

260,000 0.41
865,000 0.41

4,750 1.00
1,200 2.85

Sum
24, 000 0.75
Sum

6 32,000.00
6,000 3.00

5,650 5.40
900 5.00

336 16.00
110 12.50

Sum
6 600.00
1 1,400.00

Sum
Sum

$57,000

594, 000

507,000,
50, 510

36, 080
37,130

107, 520

44,460
167, 700
286, 000
103, 540

5,520
118,000
84,960

5,660

11, 340
68,200
76,300

106, 600
354,650

4,750
3,420

103, 000
184, 500
70,700

192,000
18,000
30, 510
4,500
5,380
1,380

50, 000
3,600
1,400
8,000

10,000
$3, 3,310

110



TABLE 15
ES TIMATED COST OF TYPICAL NAVIGATION LOCK FOR NAVIGABLE

REACH OF MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES
IN TENNESSEE COLONY RESERVOIR

Lock No. 4 - Gravity type
84' x 600' chamber

600' guidewalls upstream
350' guidewalls downstream

Designation Unit Quantity :Unit price : Amount

Clearing
Care & diversion of water
Excavation & grading, common
Steel bearing piles (14 BP73)

Guardwall to guardwall
Cellular guidewalls

Steel sheet piles
Cut-off (MA-22)
Cellular guidewalls

Fill, cellular guidewalls
Concrete
Floors, struts & sills
Walls
Cellular guidewalls

Cement
Reinforcement
Water stops
Wall armor

Guardwall to guardwall
Cellular guidewalls

Fill (incl esplanade)
Filter blanket
Riprap (incl. cement)
Miter gate (anchorage & emb met)
Miter gate (movable parts)
Tainter valve (anchorage & emb)
Tainter valve (movable parts)
Metal, misc.
Timber, YP creosoted
Electrical system
Miter gate operating equipment
Tainter valve operating equipment
Rubber seals, molded
Hydraulic system
Gratings
Floating mooring bits
Stop logs
Central control house
Handrail
Tile gages
Cathodic protection
Instrumentation
Field office & work area

Total

Acre
Job
CY

LF
LF

SF
CY
CY

CY
CY
CY
BBL
LB
LF

LB
LB
CY
CY
CY
LB
LB
LB
LB
LB
NBFM

Job
Each
Each
LB
Job
SF
Each.
Job
Job
LF
LF
Job
Job
Job

51,500

375,000
28,700

64,100
45,600
2,750

17,400
89,000
8,100

143,200
1,252,000

13,500

407,000
420,000
20,900

7,360
18,250
76,000

506,000
31,000
83,000

312,000.
25

1
4
14

1,100
1

8,900
12
1
1

5,800
60

1
1
1

o.60

9.50
9.40

4.50
4.75
4.50

26.00
29,00
50.00
5.00
0.15
3.00

0,25
0.25
0.65
7.00

22.00
0.50
0.50
0.90
0.90.
0.75

600.00

32,000.00
21,400.00

3.00

5.40
10,000.00

5.00
48.00

$ 560,000
30,900

3,562.,.500
269,780

288,450
216,600
12,380

429,40o
2,581,000

405,000
716,000
187,800

40,500.

101,750
105,000
13,590
51,520

401,500
38,000

253,000
27,900
74,700

234,000
15,000

149,000
128,000
85,600

3,300
103,000
48,o6o

120,000
50,000
60,0ooo
29,000

2,880
10,000
10,000
60,000

$11,498,11
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TABLE 16
ESTIMATED COST OF TYPICAL NAVIGATION LOCK FOR NAVIGABLE

REACH OF MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURE
IN TENNESSEE COLONY RESERVQIR

Lock No. - U-Frame type
x 600 chamber

600' guidewalls upstream
350' guidewalls downstream

Designation : Unit :Quantity: Unit price: Amount

Clearing
Care & diversion of water
Excavation & grading, ccomuon .
Excavation & grading, rock
Steel bearing piles (14 BP73)

Guardwall to guardwall
Cellular guidewalls

Steel sheet piles
Cut-off (MA-22)
Cellular guidewalls (SA-23)

Fill, cellular guidewalls
Concrete
Floors, struts & sills
Walls
Cellular guidewalls

Cement
Reinforcement
Water stops
Wall armor

Guardwall to guardwall
Cellular guidewalls

Fill (inci esplanade)
Filter blanket
Riprap (incl. cement)
Miter gate (anchorage & emb met)
Miter gate (movable parts)
Tainter valve anchorage & emb)
Tainter valve movable parts)
Metal, misc.
Timber, VP creosoted
Electrical system
Miter gate operating equipment
Tainter valve operating equipment
Rubber seals, molded
Hydraulic system
Gratings
Floating mooring bits
Stop logs
Central control house
Handrail
Tile gages
Cathodic protection
Instrumentation
Field office & work area

Total

Acre
Job
CY
CY

LF
LF

SF
SF
CY

CY
CY
CY
BBL
LB
LF

LB
LB
CY
CY
CY
LB
LB
LB
LB
LB
MBFM
Job
Each
Each
LB
Job
SF
Each
Job
Job
LF
LF
Job
Job
Job

8
1

546,660
None

2,170
19,895

43,560
34,100
3,530

57,000
46,500
8,920

133,600
15, 533,000

22,400

251,000
420,000
207,000

6,300
15,620
91,000

607,000
31,000
8 3,000

329,000
23.2

4
4

1,100

8,890
12

5,800
73

200.00

0.60

9.50
9.40

4.50
4.75
4.50

26.00
29.00
50.00

5.00
0.15
3.00

0.25
0.25
0.65
7.00

22.00
0.50
0.50
0.90
0.90
0.75

600.00

32,000.00
21,400.00

3.00

5..40

10,000.00

5.00
48.00

$ .1,600
456,000
328,000

20,620
187,010

196,020
161,980
15,890

1,482,000
1,348,500

446,000
668,000

2,329,950
67,200

62,750
105,000
134,550
44,100

343,640
45,500

303,500
27,900
74,700

246,750
13,980

149,000
128,000

85,600
3,300

103,000
48,010

120,000
50,000
6o,ooo
29,000
3,500

10,000
10,000
60,000

$9,970,550
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TABLE 17
ESTIMATED COST OF TYPICAL NAVIGATION LOCK FOR NAVIGABLE

REACH OF MULTIPLE-PURPOSE CHANNEL AND NAVIGATION FEATURES
IN TENNESSEE COLONY RESERVOIR

Lock No. 19 - Gravity Type
84' x 400' chamber

400' guidewalls upstream
250' guidewalls downstream

Designation : Unit : Quantity : Unit price: Amount

Clearing
Care &-diversion of water
Excavation & grading, common
Excavation & grading, rock
Steel bearing piles (14 BP73)

Guardwall to guardwall
Cellular guidewalls

Steel sheet piles
Cut-off (MA-22)
Cellular guidewalls (SA-23)

Fill, cellular guidewalls
Concrete
Floors, struts & sills
Walls
Cellular guidewalls.

Cement
Reinforcement
Water stops
Wall armor

Guardwall to guardwall
Cellular guidewalls

Fill (incl esplanade)
Filter blanket
Riprap (incl. cement)
Miter gate (anchorage & emb met)
Miter gate (movable-parts)
Tainte:' valve (anchorage & emb)
Tainter valve (movable parts)
Metal, misc.
Timber, YP creosoted
Electrical system
Miter gate operating equipment
Tainter valve operating equipment
Rubber seals, molded
Hydraulic system
Gratings
Floating mooring bits
Stop logs
Central control house
Handrail
Tile gages
Cathodic protection
Instrumentation
Field office & work area

Total

Acre
Job
CY
CY

LF
LF

SF
SF
CY

CY
CY
CY
BBL
LB
LF

LB
LB
CY
CY
CY
LB
LB
LB
LB
LB
MBFM
Job
Each
Each
LB
Job
SF
Each
Job
Job
LF
LF
Job
Job
Job

1 $ 200.00

430,000
20,200

142,000
11,300

16,200
30,333
2,550

17,100
79,000
4,850

106,600
810,000
10,100

418,000
256,000
26,800
6,240
15,670
81,000
538,000
31,000
83,000

285,000
26.9

sum
4
4

1,100
sum

7,900
10

sum
sum

4,100
64
sum
sum
sum

0.60
5.00

9.50
9.40

4.50
4.15
4.50

26.00
29.00
50.00
5.00
0.15
3.00

0.25
0.25
0.65
7.00

22.00
0.50
0.50
0.90
0.90
0.75

6oo.oo

32,000.00
21,400.00

3.00

5.40
10,000.00

5.00
48.00

$ 200
128,000
258,000
101,000

1,349,000
106,220

72,900
125,880

11,480

444,600
2,291,000

242,500
533,000
121,500
30,300

104,500
64,000
17,420
43,680

344,740
40,500

269,000
27,900
74,700

213,750
16,140

144,100
128,000
85,600
3,300
95,000
42,660

100,000
50,000
6o,ooo
20,500
3,070

10,000
10,000
60,000

$ 7,744,10
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APPENDIX II
TRANSPORTATION ECONOMICS

GENERAL

1. General.- This appendix .contains the detailed data and
analyses of the transportation, economics, and related studies pertain-
ing to a reevaluation of the navigation features of the multi-purpose
project for Trinity River and Tributaries, Texas, as authorized by the
Rivers and Harbors Act of October 27, 1965, Public Law 89-298.

2. The information and economic analyses presented in this
appendix are in compliance with a provision of the authorizing act
which requires a reevaluation of the economics of the navigation
features of the authorized project prior to expenditure of funds for
construction of those features designed exclusively for navigation.

3. Furpose.- The analyses of traffic, economics, and related
commodity studies presented .in this appendix are for the purpose of
identifying and evaluating the annual benefits directly related to
features of the authorized project that are provided exclusively for
navigation. The benefits from the several other purposes of the
authorized project as presented in House Document 276, 89th Congress,
1st Session, have been included only to the extent that they can be
attributed to' the navigation features.

4. Scope.- This appendix comprises a comprehensive investi-
gation of the economic aspects of providing a navigation channel for
barge tow operation from the Houston Ship Channel via the authorized
channel to Liberty and the Trinity River to Fort Worth, Texas.

5. The investigations presented herein are based upon surveys
and statistical data on the present development of economic and
transportation conditions existing in the area to be served by the
proposed project. The study included a complete field survey of
traffic moving in the tributary area.
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6. The economic studies include the field survey of traffic;
estimates of prospective waterborne commerce that would move over the
channel; savings in transportation charges creditable to the movement
of commerce on the channel; estimates of benefits creditable to
recreational use of features of the navigation project, including
recreation associated with fish and wildlife; and estimates of
employment effects on counties designated under the Public Works
and Economic Development Act of 1965 as economically depressed
counties.

7. Related studies include investigations of current barge-line
operating costs; transfer and terminal handling costs; switching and
other charges incidental in determining full costs of traffic movement
on the channel; overland rates and related charges; individual major
commodity studies on (1) sand, gravel, and stone, (2) iron and steel,
and (3) wheat and grain sorghum; economic growth factors; and several
sub-studies concerning production costs of different methods of
recovery of sand and gravel, truck rates, barge rates on authorized
but not completed competing waterways, and statistical analyses to
support the major investigations.

8. Tributary area.- The tributary area that would be served by
the proposed Trinity River navigation channel is the immediate area,
to or from which commodities could move over the project channel to
connecting waterways serving other parts of the United States or
world markets at a savings in transportation cost. The tributary
area is essentially the same as that described in House Document
276/89/1 and is shown on figure 1.

9. Connecting waterways.- The project channel will connect with
deep water ports at Galvedton and Houston and the shallow-draft Gulf
Intracoastal Waterway. Major connecting waterways, mileages, and key
ports that are used in the estimates-of prospective traffic in this
appendix are shown in figure 2.

TRAFFIC STUDIES

10. General.- The traffic survey, on which the analyses of
traffic were based, was made to develop data on present economic and
transportation conditions in the tributary area and was completed in
March 1967. The amounts of commodities and other basic data developed
by the survey are as of December 1966.

11. Traffic available for transportation by barge on the pro-
posed waterway would consist of traffic now moving by other modes of
transportation within the tributary area, between the tributary area
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and other areas of the United States, and to deep water ports serving
world and coastwise Domestic markets. As a basis of approach to

the traffic studies, pertinent data from the 1958 field traffic survey,
which was the basis of the 1962 report, were reviewed to identify

major items of traffic that would warrant individual investigation

in the current restudy.

12. In the 1958 traffic study, as shown in table 1, it was

found that grain (wheat and grain sorghum), sand, gravel, and stone,
and iron and steel contributed about 90 percent of the prospective

commerce. All other commodities represented only about 10 percent

of the prospective waterway traffic. From the standpoint of savings,
however, the sand, gravel, and stone represented less than 10
percent, while grain and iron and steel accounted for about 70
percent of the estimated total. The analysis of the 1958 traffic
relationship is given in table 1.

TABLE 1

SUMMARY OF ANALYSIS OF RELATIVE COMMODITY RANK
1958 TRAFFIC STUDY

Accepted Percent of Transportation Percent of
Commodity traffic (1) total traffic savings (2) total savings

Grain 2,210 31.9 2,428 24.6

Iron & 1,028 14.9 4,363 44.3
Steel

Sand, Gravel, 2,934 42.4 764 7.8
and Stone

All other 750 10.8 2,299 23.3

TOTAL 6,922 100.0 9,854 100.0

(1) In thousands of tons of 2000 lbs.

(2) In thousands of dollars.

13. Based on the above analysis, coupled with problems concerning

resources, markets, and industry practices in the movement-of commodi-
ties encountered in the 1958 traffic survey, it was concluded that
the reevaluation should include traffic studies consisting of (1) a
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comprehensive field traffic survey for general commodities; (2) an
investigation of the grain (wheat and grain sorghum); (3) an in-
vestigation of sand, gravel, and stone; and (4) an investigation of
iron and steel. Details of the traffic studies presented herein are
based on these four major studies.

14. Field survey of traffic.- The list of shippers and
receivers of commodities to be canvassed in the traffic area was
compiled from state and city industrial directories, chambers of
commerce and other membership lists, and the Dun and Bradstreet
Reference Book of Manufacturers. From these sources, firms were
selected giving consideration to such factors as location, size
of firm, type of business, manufacturing or processing activity,
and adaptability of raw materials or processed items to barge
transportation. By interviews and correspondence, field survey
teams obtained information from 3,440 shippers and receivers
concerning movement of commodities in the traffic area in 1966.
Data on grain movements pertained to the 1965 production year,
the most recent year for which transportation data were avail-
able. The data solicited by the field survey teams included
identification and use of commodities, origin and destination
points, present means and routing of transportation, amounts
shipped and frequency of shipments, scheduling requirements for
receipt or shipment, present rates or charges for transportation,
and the interest of the firm in waterway transportation on the
Trinity River as an alternate or supplement to present mode of
transportation. The type of information obtained and the manner it
was recorded is illustrated in figure 3. The field traffic survey
resulted in reported movements of commodities in the tributary area
in 1966 totaling over 136 million tons. The survey involved a
selective process for determining firms to be solicited and a small
number of the firms that were solicited declined to furnish infor-
mation. Accordingly, the information obtained represents somewhat
less than the total amount of barge potential traffic that moved in
the tributary area in 1966. Based on analysis of the data obtained
and comparison between areas where essentially full coverage was
obtained and those of lesser coverage, it is estimated that the
reported totals obtained through the field traffic survey represent
about 90 percent of the full barge potential traffic that moved in
the tributary area in 1966.

15. The raw field data representing the total traffic re-
ported were reviewed by Corps of Engineers transportation special-
ists. This review served to eliminate as prospective waterborne
commerce those commodities obviously not suited to barge movement.
The total potential waterborne traffic was then examined on
the basis of individual commodity movements and further
screened to eliminate traffic because of: (1) duplication

127



FIGURE 3

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

EXAMPLE FIELD CONTACT SHEET

CORPS OF ENGINEERS NAME OF PROJECT STUDY DISTRICrTOFFICE AND ADDRESS

TIRI"RT'( RIVE.R RESTUPD% I clvkoTexsas I Form Approved
WATERWAY ECONOMIC SURVEY T TY Ef., Budget Bureau No. 49-R-363.2

NAME OF FIRM OFFICE ADDRESS (Street, City and Stat) OFFICE TELEPHONE NUMBER PLANT LOCATION (Steet, City and State)

John Doe. Chemical Co. 500 W.1 0 x'S ee
Da\\asTexas

NATURE OF BUSINESSPERSON INTERVIEWED AND TITLE INTERVIEWED BY AND DATE

commercial\ l erbr Jon Doe, owner toward 4 anecka to Februarsj 17
If any of your traffic could or would use the proposed improved waterway, please furnish the following information:

ANNUAL NET
PRESENT ANNUAL ANA E

COMMODITY NET TONNAGE TONNAGE ORIGIN DESTINATION PRESENT MODE OF SHIPMENT

(LATEST YEAR) THAT MIGHT AND FREIGHT RATE PAID NAME OF SHIPPER OR RECEIVER
USE WATERWAY

A mmonSUl rae I 10000 0Io0o Cherokee Ma. Dalas,Te - Rai (bars' CSo tnJohn Doe Chemca\Co

14000 ~~~~rs ic aG$s 4~5o lt\ s JOSiDeClenaCo

AflI\o0fIum foRpnak 7_opo 20,Z%0 Cherokee, AMa- Ra C(.buk) s oj-n

A Omsmo $m SuFae 5,poo 000Soon Oso ,TeC 5' Ra\ %41ioI2) " n

-e-r-+l r 'C 'e.w .\y1C,000 ocDa\\acTe.XTruc .

___________________ 3U 30000 Q 1 , oeiRS M~ ,

In connection with the frequency of service required, please furnish the following information:

PER (DAY, WEEK. EXPENSES INCURRED PER NET TON
COMMODITY NET TONS MONTH) LOADING UNLOADING TRANSFER, STORAGE WHO CONTROLS ROUTING WHO PAYS THE FREIGHT

o~nc s mSuWfare 41G%

Ier~ ts Chrn a 445 i",i"

* a 1
(Me10--0) RELCS N OM 5 ARaWHC S SOEE.(VR

1 JU 63669

co

.b

(E R 1120-2-101) REPLACES RH6 FORM 45, 1 APR 61, WHICH IS OBSOLET E.
(OVER )



FIGURE 3 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF .NAVIGATION FEATURES

EXAMPLE FIELD CONTACT SHEET

If movement is, or were, via the waterway, please indicate below the terminal services involved and expenses incurred.
TRANSFER COST PER NET TON FROM OR TO PLANT IF MOVEMENT IS NOW BY STEAMSHIP

COMMODITY AT ORIGIN AT DESTINATION AWAREHOSINGEVERAGE TONS
______OR STORAGE DEEPWATER PORT USED PER SHIPMENT

RAIL TRUCK OTHER RAIL TRUCK OTHER

opa $Q1.0- 1cs ,, nTex~as

Comments on probability of plant relocation to waterside.

Do you have any plans for expansion in this waterway area? ® Yes [] No. If so, please describe briefly plans for expansion and consequent increase in waterborne commerce.

They are. \oo\sn Paoweay k> ukure Aeve\opmenr . oweer, 4\-es\n aNe no e p\aen as o

Please indicate estimated average saving per net ton, by commodity, considered necessary to induce shipper/receiver to use water transportation.

o.iO 4 /kon

Remarks
s manu asureuro u od b om e r p re,se cFon. Due o o res\lonser ana r

\o hfton heyare testy- +mL , L raw ma +\ anc 64, \\on as--the.r p uc Thesr ars to e ea rtC

o o an rsAusaria area wt Rit prof \ 5 b le\oc Ak e r Tr- Rver- Gr CE -



(2) not barge adaptable, (3) excessive circuity, (4) insufficient
volume, and (5) other reasons (i.e. excessive transfer costs,
transit privileges). After this process, the remainder of the traf-
fic, representing the traffic accepted for detailed rate analysis,
was posted to individual rate analysis sheets (see figure 4 for
example) to show the origin, destination, commodity, and tonnage of
each movement. Subsequently, these individual movements were
analyzed through a rate comparison process to determine whether
a savings could be achieved by waterway movement on the Trinity
River project and, if so, if the savings were sufficiently large
to effect a probable movement on the waterway if it were constructed.
The detailed rate analysis is discussed further under the commerce
section of this appendix. The 3,400 field contact sheets and
400 rate analysis sheets are on permanent file with the Corps of
Engineers.

16. Grain study.- The unique character of the grain business
in the southwest precluded the use of conventional methods of analysis
to develop reliable estimates of grain traffic that would be adaptable
to waterway transport. A separate but concurrent field traffic survey
and market analyses were made by Tulsa and Galveston District person-
nel, Corps of Engineers, to identify producing areas and establish
quantities, modes of transport, and distribution of grain.

17. The results of the grain study are discussed in detail
in exhibit 1 to this appendix. Generally, the study revealed that
the only grains of significance to the authorized waterway are
wheat and grain sorghum, which move into export markets by rail
and truck. However, only truck movements of grain were analyzed
as potential waterway traffic since statistical information could
not be developed to substantiate the allocation of rail movements
as potential waterway traffic. Based on historical production and
transportation data and computed production trends of wheat and
grain sorghum,1965 was determined to be the most representative
of a normal production year and was, therefore, selected as the
base year for grain traffic analysis. A further discussion of
the evaluation of the base year grain traffic used to estimate
prospective commerce is given in the commerce section of this
appendix.

18. Sand, gravel, and stone.- Sand, gravel, and stone com-
merce, as presented in the 1958 study, represented the highest
percentage of the total traffic in terms of volume, while the
lowest in terms of savings. The industry in general is highly
competitive, and the most flexible segment of the total market
price of these materials is the transportation cost. Thus,
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FIGURE 4

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

EXAMPLE

RATE ANALYSIS SHEET
TRAFFIC SURVEY FOR TRtU RNEP

Commodity: S}cC-ura\ Shapes Annual tonnage: 20,000 tons
(short tons)

Origin: C cAago \\. (Ieri~ ) Destination: Da\\as Texaa

Plant to dock p Miles Dock to plant 4s Miles

(1) Existing rate (&) (truck) ( 6. ")

4ame to 4ou on -h D c-1 - T-3,+ diA q 4eganje
LOET AVAILABLE ROUTE

Re ever
Item : Port : Miles : Carrier : Rate per N.T.

(2) Rate to lst port : : :

Port-to-port : J(via : )_:

(3) Rate froa 2d port

Constant factor

Handling charge

Switching charge -see reVerSe Sa -

Other (specify)

TOTAL :$ \.56

Tr R er AOUTE iv 4. W r

Item Port : Miles : Carrier : Rate per N.T.
(4) Rate to 1st port - h C2 * : -

Port-to-port : (Via '.: _._

(5) Rate from 2d port O "A Ve.:!5b T

Constant factor

Handling charge -I @-145 145

Switching charge

Other (specify) ._-

TOTAL : $
t\. 50

REMARKS: Unit Savings $ A o( N.T.

Authority for rates: Total Savings $ w A ZO.

(1)

(2)

(3)

(4)

(5)

Computed by Date

ELIMINATED (check reason)
Duplication
Not now moving
Not barge adaptable
Insufficient volume

SI Form 51(c) Insufficient saving
6 Feb 1964 _No saving

Circuity
Other Survey Sheet No. 1501
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FIGURE 4 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

EXAMPLE

Red R' e ' HorT

Tt.n Port Mil : C'rrIer: later' p'r N.T.
(1} inte to lot port :

:Chicago RL
(2) Port-to-port .

(Via7.41
(3) Rate. from 2d port:

5.70 R-\
Constant factor 1.45
Handling charge \ -

Switching charge

Other (specify)

TOPAL 14.5(
Authority for rate:

(1)

(3)

AransasR wer ROUTE

Item Port : Miles : Carrier: Rate per N.T.
(1) Rate to lst port

ChicagoTl. : o--
(2) Port-to-port

(via ): : b : (95
(3) Rate from 2d port: 730 oc. a~

Constant factor . 1-45
Handling charge : ) A145>

Switching charge

Other .(specify)
TOTAL 1.7
Authority for rates:

(2)

(3)'

M s~ _ Rver ROUTE

Item : Port : Miles : Carrier: Rate per N.T.
1)Rate to let port

(2) Port-to-port
(Via ): :j.: 25

(3) Rate from 2d port

Constant factor
Handling charge .,

Switching. charge

Other (spec.iy)
TOTALo
Authority for'rates:
(1)

(2)

( 0)
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the location of producing areas, both present and future, along
with present and future methods of transportation and production,
are of paramount importance to the industry and the Trinity River
project. The analysis of the potential commerce for these c4om-
modities in the 1958 study did not consider the market and production
areas, marketing and transportation methods, or the impact of the
waterway on this industry. A secondary problem stemming from the
economic aspects of the sand and gravel business was the evaluation
of possible savings in production costs through hydraulic mining
methods as opposed to land based equipment and if such a saving was
found, determining whether it would be attributable to the existence
of the waterway. It was evident that a substantial amount of research
would be required to develop an understanding of the current sand
and gravel business with respect to sources of supply, markets
served, and probable changes that would occur in these areas during
the 50 year period of evaluation. Therefore, in order to avoid
the deficiencies in the 1958 study, a comprehensive sand, gravel,
and stone study was made as part of the economic reevaluation of
this project. The services of a professional resource analyst
were obtained to resolve these questions. The results of the
contractor's investigations are contained in exhibit 2 of this
appendix. In order to be consistent with the methodology used in
the traffic analysis of other commodities, estimates of prospective
sand and gravel traffic and transportation savings were developed
by the Corps of Engineers. This analysis is described in the
commerce section of this appendix.

19. Iron and steel.- During the 1958 traffic study, ,t was
found that the commodities of iron and steel ranked first, in term
of transportation savings creditable to the waterway, as shown in
table 1. In view of the importance of these commodities, it was
considered appropriate that special attention be given to their
production, marketing, and transportation to assure reliable estim
mates of both tonnage and transportation savings that would be
realized if the proposed channel were in operation. Considerable
amounts of iron and steel articles are used in connection with
the petroleum industry in portions of the tributary area. Due to
possible depletion of resources, the long-term future of the
petroleum industry in the area is somewhat less certain than
other segments of the economy. It was considered appropriate
that identification of petroleum related steel and the assessment
of its relative importance from both a tonnage and transportation
savings viewpoint be made. Accordingly, a professional market
analyst was retained to investigate the iron and steel economy of
the tributary area. The results of this study are presented in
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exhibit 3 of this appendix. Based on the analyst's investigation
and data obtained in the field traffic survey, estimates of pros-
pective iron and steel traffic and transportation savings were
developed by the Corps of Engineers and are described in the com-
merce section of this appendix.

RELATED STUDIES

20. General.- A transportation economics study of an entire
river basin, particularly a major river in which there is relatively
no existing waterway traffic, requires several related investigations
to develop data and estimates to support or complement the specific
transportation economics of the navigation project.

21. In the category of support investigations, it was necessary
to develop overland rates and charges; construct probable waterway
rates and charges for the project under investigation for the Trinity
River, as well as the authorized but uncompleted competing waterways
in the Arkansas-White Rivers and the' Red River; develop transfer,
switching and handling charges; develop estimates of traffic volumes
between ports for waterway capacity analyses; select appropriate
economic indicators and develop estimates of factors of growth for
selected years during the project life; evaluate the relative costs
of different methods of sand and gravel production (i.e. hydraulic
versus dry-pit methods); evaluate the added costs to vehicular
traffic from transiting bridges that have been raised to provide
navigation clearances; and evaluate the relative worth of extending
the useful life of the modified portions of existing bridges.

22. Complementary studies included an economic assessment of
the recreation and fish and wildlife influence of the navigation
project and assessment of the economic impact of expenditures for
project construction, maintenance and operation on depressed area
counties, designated under the Public Works and Economic Development
Act of 1965. A description of the related studies will be presented
in the order given above.

23. Overland rates.- Rail and truck rates used in analyses
contained in this appendix were obtained from tariffs in effect as
of March 1967. Details of the acquisition or construction of
these rates are given in the following subparagraphs.

a. Truck rates- rain.- A detailed investigation of
grain truck rates was made to establish a basis for comparison of
costs between truck and truck-barge transportation. The study
disclosed that a truck rate scale for grain is non-existent.
However, based on a number of factors involving quantities,
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distances, and long and short haul rates for non-regulated
carriers, contract haulers, and independent truckers, a general
pattern was determined and a constructed truck rate scale was
developed as shown in table 3. The derivation of the truck
rate scale is described in paragraphs 34 through 43 of exhibit 1.
The constructed truck scale for grain was submitted to representa-
tives of major grain companies, who concurred that the constructed
charges were representative of actual conditions. This scale
provides the basis for the rate analyses of grain movement via
the proposed waterway.

b. Truck rates-sand, gravel, and stone.- A similar
situation to the grain truck rates was encountered in the study
of truck rates for sand and gravel. There is no uniform truck
rate scale for sand and gravel. Analysis of available cost data
from producers revealed that truck hauls of sand and gravel are
primarily in the short-haul category, with equity between truck
and rail occurring at about a 75 mile haul distance. Based
upon all data that could be obtained from industry sources, a
truck rate scale was constructed as described in paragraphs
53 through 55 of the traffic analysis supplement to exhibit 2.
The constructed truck rate scale was coordinated with major
sand and gravel operators, and they were in general agreement
that the constructed scale was representative of comparable
costs, in the industry. The constructed scale for truck haul
for sand, gravel, and stone is given in table .2.

TABLE 2

CONSTRUCTED TRUCK RATE SCALE FOR SAND, GRAVELAND STONE

Total Charge
Mileage Rate/Ton Mile Per Ton

O-16 Min. Rate $ .50

17-30 $.03 $.51 - $ .90

31-36 $ .90

37-75 $.025 $.93 - $1.88

c. Truck rates-shippers.- In some instances where general
commodities moved overland by truck under published tariff rates,
the specific rate furnished by the shipper on the field contact
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TABLE 3

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

CONSTRUCTED TRUCK SCALE FOR WHEAT AND GRAIN SORGHUM

MILEAGE CHARGE/TON

0-35------$1.66

36-40-------1.71

41-45- -..----- 1.76

46-50-----w--1.82

51-60-------1.92

61-70-------2.02

71-80-- 2.13

81-90-------2.23

91-100-o---2.34

101-110------2.44

111-120------2.54

121-130------2.65

131-140------2.75

141-150------2.86

151-160------2.96

161-170------3.06

171-180----3.17

181-190------3. 27

191-200------3.38

MILEAGE CHARGE/TON

201-210-------$3.48

211-220--------3.58

221-230--------3.69

231-240-------3.79

241-250--------3.90

251-260-w------4.00

261-281--------4.21

281-300--------4.42

301-320--------4.63

321-340--------4.85

341-360--------5.06

361-380--------5.27

381-400--------5.48

401-420--------5.69

421-440--------5.90

441-460--------6.12

461-480--------6.33

481-500--------6.54

501-520--------6.75

MILEAGE CHARGE/TON

521-540-------$6.96

541-560------,7.17

561-580--------7.39

581-600--------7.60

601-620--------7.81

621-640--------8.02

641-660--------8.23

661-.680--------8.44

681-0700-s----8.66

701-720--------8.87

721-740--------9,08

741-760--------9.29

761-780--------9.50

781-800-------9.71

801-820------9.92

821-840-------10.14

841-860-------10.35

861-880-------10.56
881-900-------10.77

NOTE: Using actual costs of truck movements, the constructed truck
scale was developed from data furnished by grain shippers and
truckers.

136



sheet for the commodity movement was applied. All truck rates
obtained from the shippers were reviewed by the Corps of Engineers'
traffic specialists prior to use in the traffic analyses.

d. Truck rates-contractor.- For general commodity move-
ments wherein the mode of transport was by truck and the commodity
moved under published truck tariff rates, appropriate truck rates
with tariff references were furnished by a commercial traffic
bureau, retained, .under contract. The rate contract is discussed
in the following subparagraph.

e. Rail rates.- In order to acquire comparable movement

costs by rail for traffic analysis purposes, rail rates were developed
for each existing rail movement accepted as potential barge
commerce on the waterway. Because of the complex rail rate structure
and the necessity for constructing valid rates in those instances
where no published tariff exists, the services of a commercial
freight traffic bureau were obtained by contract. These services
were furnished by a leading firm in the area having intimate
knowledge of southwest region rates. The contractor performed the
necessary research of published rates from commodity movement data
furnished by the Corps of Engineers. The contractor also furnished
the appropriate switching and handling charges where required. In
those cases where a class rate only was published, a commodity
rate was constructed from comparable available commodity rates
between similar points. The contractor rates were reviewed by
Corps of Engineers' rate specialists and are shown in table 4.

24. Barge rates.- Since there is no existing waterway traffic
moving over the major section of the Trinity River between Liberty
and Fort Worth, Texas, a detailed. study of the barge transportation
industry on comparable existing waterways was made to develop
probable barge rates that would be applied to the commodities that
would move on the channel if it were in existence. As the overall
study assumed that the Arkansas River with terminus at Catoosa,
Oklahoma and the Red River with terminus at Daingerfield, Texas,
were alternate waterways which are authorized and which may
compete with the Trinity River waterway, it was necessary to
construct land-water rates for the latter two rivers so as to
screen the tonnage for the least costly movement via alternate
waterways as compared to the constructed barge rates for the
Trinity River.

25. Probable barge rates were developed for each commodity
that are comparable to the overland rates acquired for the analysis
of prospective commerce. The barge rate study included detailed
analyses of present new equipment cost data, average operating
costs for both barges and towboats, operating conditions on
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TABLE 4

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

TRAFFIC FOR DETERMINATION OF FREIGHT RATES
Nome of Project _- - TI gy RI-ERJ59aVI4TLOr1 - -- T-D-

TTE e of Tr anspor tat ion _ CQMMOg g.ZAUREll RCULAp1--- -ITEMTan 
O-tI5C - -~E~lUCA H T 1 F 12No. COMMODITY | ORIGIN DESTINATION RATE MINIMUM ------- ET EVFISIN$T

(1) (3) WEIGHT(2) TARIFF AUTHORITY CONTRACT DATA (4
T-1 Iron or Steel Bars Houston Texas rt. rairi Texas x 33 

AE MINIMUM
T- 2 Iron or Steel Bars Dallas Texas Ft. Wor h PexasS000 0 T - L EM E160G
T-3 Iron r t eel_ B r s Tso Texasas 213 6 000

T-4 l Iron or Steel Bars Houston Texas a o Texas 33 0000
T- _ n xs Burleson, Texas 43 30F 3T0T0010 -

T- 5 Iron or St eel Bars H o 4e x 0,00 0 2SW FT 3-T ITEM 8080 257 5 Miles

-7 I- ----tarlsTTexas 6T a 33 45 000 0
T-6 Iro or rSteel Bars BHs ,o x Texas C r T en5Te a I 34 F - , T 7

T-17 Iron or Steel Bars Dallas, Texas CTlernT e ra ) 164 450,000 S 25- T
T-10 Iron or Steel Bars JH es xn Texas __ al__ T_ G ra3 80000

T-r P Ioeor Steelar eIod3 Texas_--- W..aco. Texas (Inr) 33 45 0000 Cst SWMFT2--LoITEStlBa a2,Teas2Dalas Texas 7740000OST 25-L ITEM 10 440T-12 Iron or Steel Bars B t e as Tex xeal , Wels Texas 7-L 
EM 106T-DaTr or Steel Bars Dala, Texa ... DallaraTes, Texas 26I . 8.40000 s B T - T 1Iron or Steel Bars Daut, Tex, Arkralo Tells -- Tx- 4 3_0,000 PresTe8 10

T- 1 2 I r en r Steel Bars F . W r h T x sM x r l W l s T x s 2 0 0 o s r

t- 5 r o t o r S t e e l B a r s F t . W o r t h , T e x a s M i a l , W e l l s T e a s 3 3 3 0 0 0.Pe s e t O Et 1 - X I T E M 1 3 3 9 0 C n t u t d R tT-32 trot or Steel MBars Daes eer ,i l Axa s MiD al Wes, Texas 41 40 000 teas - Ter.3 0 ro 2 7 0 i es P e

trot-or Stre7 rs HDsteger ld, Texas Tylera, Texas 53,r0)rs4 SMCRC 1-L ITEM 1590

T - 13 Iron or Steel Bar s Di a s , Texas Tye r -, Texas (n61 3 ,000 - SWMFT 2 - L ITEM 8

T-14 Ir o r Seel s ar eaSi, Texas Ia2tele, Texas2 _ 0000 C rTEM 160

t r t r S t e B r A l e g e , e x a s I r a p t i , T e x a s 2 6 3 , 0 P e e t S M T 2 - I I T E M 1 3 5 0 6 0 3

Iron or Steel Bars a kw P T e1sastote e, s3 0 000 C n r

..AkT-36 Iron or Steel Bars Dalls xsemertx Texs.20 0 000 Ct-tr

Mo l ao r Texas 4 53 0 000

T- t1 Iron or _Steel Bars Houston, Texas Gr e , Texas 5 3,000 Prese nt SM T 1- ITEM 1 5390 C 3. C lIron or Steel Bars orxtn , Texas A iser, Texas 33 45000MT ITEM 80 27T-4 t-ro nor Steel Bars Dal ers, Texas s, Texas 80,000 SWMFT -ITEM160
T- Iron or Steel Bars a oer d Texas 20 40,0002 Costr

trecrStel Bars Haestfe, Texas Lrborth Texas 5 000 Pset 1- TEM 150 1 eT- 4 tron or Steel Bars D allas Texas _ l ua b rik. Texas 17 3ITE
T 4Wrot or Steel Bars PtWorh, Texas Lbo, Texas (5 4,000 M -

T - 25 I r o n o r S t e e l B a r s D a l l a os , T e x a s L b be T e x a s 7 2e3r,13 3 0s e ntS W M F T 2 - , I T E M 1 5 3 90 C C 1 7 i l e s

--.. ro~e_3_~e.e BrsGr.WatheTeaiLnbekTexas . 452 40,000. osr

T-21 IronorSteel Bars lHouston,Texas arin exas 3ra 7 34 Pr n SWMFT 25-T ITEM 1060 -xl--00. 7 -iles
trot or Steel Bars aleg , Texas ar xas tera ) 2 ,000 W FT 2-, ITEM 10600

T 28 ro ngh r tr ee Pipe D a leerfiel , Texas Pt or th, Texsti 49a 50 3 0,000 SO T l - ITEM 157 0 Ce .4 171 Miles

T-54 ron r St e1e FtBaoiTexas,-, Texas 4 300 SWM T - ITEM 1500 3 9 , Miles

EnnTxa i e x els eas 206 0 0 n WFT 3T Ttr.5 
---

T - 3f nI rC W a lSt e e l B D sf h n e r a l e sF9
T)Iron or Steel Bars H t o r tTexas t ineraxter

I r 3B Iefocitt tn75tf0000ne f snr

Ir r )r nffaerfied Te ats Mi n s3 __ r n SWMFT 3-T ITEM 30- -

Ir n or Steel Bara Dallasg e xasd ea ierlWls 
.. z000_ osr

L-4ubborctklBrs D lls Texas Grp72e ea 30,000 Present SWMFT 1-X ITEM 15390
T-5 Iron or Steel Bars Arlingrth Texas 

4,0 osr
T-3bGrpockeTexas 526 409 0--0

Iron or teel Bars a lltasrtTexas D2_ 4000 Constr.

T-326 ro o 8 1 exs ce o _Texs24 360 00 P1539n
T-39 or teel Bars Houston, Texas Arai nd ri, Texas 3P3en WFT 1X ITM 150 Cl

Ironor teelBar Dalas 33 80,000T-47 Iron or Steel Bars _ a ,l e asAliTeTexas 7 6,MF- ~ 3-T_ ITEM 5160--

T-48 Iron or Steel Bars EaH le to s, Texas -------- r33_t42,exasSWMFT 1-X ITEM 15370 C40.9 M7 e
T-429ea cTe50Inr) 24 - ---- 4.0__ 2-L TM060--------0Iron or Steel Bara Houston, ea _ M~eTexas exas 361-R3ITM 

15390 C09.5C 8.9les eIrnor S teel Bars Dakllad, Texas MiGner ----- e-l--------s SWMFT 3-T ITEM 56
Iron or Steel Bars Dakloda TxsreTexasexa634 40000 Constr. Miera8Weis,98.2 1XMIEMl539

Texs TereorTeas430TE30,9000. MleT-45 Iron or Steel Bars FH o rs t hn, Texas AM inral asCPrs nt. M T 1 X I EM 1 3 0- -
Iron or Steel Bars FD . Woth s33ls exs 0 40 000

4Msie HunalTells(ITa) 3 CoFn2-sITtr7.
T-37 Iron or Steel Bars Dain erfield, Texas 35 30r0h,0exrse4et0 SWMFT 25-X ITEM 130-----

T-8 Iron or Steel Bars _DainMriildTa W ell T exa 841 40,000 Cn t.
Iron or SteelTBxas Diners, TexlsGTexas _ . . _ _ 52 _3 0 0 PresentS F 1

T-49 Iron or Steel Bars FDall~ansPaii, Texas 1 36,000 Pe nt SMT X ITEM 15930 7. Mle
T-0rhGTxs Hrapei, Texas nt 2)-~ ~_36FT,-0IE0057T-4 Iron or Steel Bars DArlins onT exs12 

34,X ITM05900ol
T-51, exs Hrstei, Texas I2r) 03 40,0T20L IE0160 o.C 0 .Iron or Steel Bars DArlins , Texas Con Tt25-L 15930
T-2 ro o teGrar api, Texas nr) 27 34,000Co. 

7 Mie
T-5 rongh t e ln Barse DinerfPads Tes s PaTexas exPrents)ent4,00SWMFT 

21-L ITEM 15060 C . 10 7Mle

T-346 Derned Txa t ornhTexas SMF82-L IT300 0Co.0014Iru ron o Pte el Ba. .DalasThrexastWrh 
TxsSWMFT 1-X ITEM 1530

T -3) Iron or mteeluBars nt . Worth , Texas 24-36,000---es--- SWMFT 1-X ITEM 15 900. Col. 47 29 7.1 Miles
Iron or Steel (B)rs nHo st Ta s 

Presentn Sss o h ri1-X ITpe1550fCl.dT4)-39fIrohni 
yor steelhd wthB.C..srnt o-n Txs33 8 00
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TABLE 4 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

TRAFFIC FOR DETERMINATION OF FREIGHT RATES
Name of Project .. -T oIN JtvPoaRNyioo oy-------------
Type of Transportation _ CO Ci9I0,r TJUyjCUQ p

TARIFF AUTHORITY

SWMFT 1-X ITEM 15070 Col. 4

SWMFT 1-X ITEM 15070 Col. 4
SWMFT 1-X ITEM 15070 Col. 4
SWMFT 1-X ITEM 15070 Col. 4

SWMFT 1-X ITEM 15070 Col. 4

SWMFT 1-X ITEM 15070 Col. 4

MINIMUM
WEIGHT(2)

30,000
30,000

30,000
30,000

30,000
30,000
30,000
30,000
30,000
30,000
80,000
30,000
30,000
20,000
42,000
20,000

20,000
20,000
80 000
45,000

25-L ITEM 10080
1. 9

1. 9
1. 9

4. 9

1. 4

1. 4

ted as Plastic Gr

.ed as Plastic mat

sd as Plastic mat

ed as Plastic mat

. 2
ermediate applica1
.1

TT T r r T - T

DESTINATION RATE

(I) (3)
forth Texas 20
Eck, Texas 75

71
75

15

46
63

15

44
61/
33
68
63/
23
27
84

99

33
14
33
34
85

26/

11k

91
22

95
22

57

Grand Prairie, Texas
Grand Prairie, Texas
Carrollton, Texas

Carrollton, Texas

)allas, Texas (Intra)
Dallas, Texas
)allas, Texas (Intra)
Houston, Texas (Intra)

Dallas, Texas (Intra)

)allas, Texas (Intra)
ouston, Texas (Intra)

Carrollton, Texas (Intra)

Carrollton, Texas (Intra)

Dallas, Texas (Intra)
Ft. Worth, Texas (Intra)
Houston, Texas
Ft. Worth, Texas

Houston, Texas (Intra)
Jrbana, Texas (Intr)

Ennis, Texas
Ennis, Texas

Birmingham, Ala.
tosser, Texas

it. Worth, Texas

SWMFT 25-L ITEM 10600 Col. B

SWMFT 25-L ITEM 8675 Col. 2
SWMFT 33-D ITEM 900 Col. 6

SWMFT 25-L ITEM 1620

SWMFT 25-L ITEM 1620

SWMFT 25-L ITEM 10610
SWMFT 25-L ITEM 8710 Col. 1
SWMFT 3-T ITEM 8080
SMCRC 515-L ITEM 218530 Intermediate Applic
000F1 25-i ITEM 9045 TOFO

SWMFT 25-L ITEM 9045 Constructed Rate
SMCRC 515-L ITEM 218530 Intermediate Applic
SWMFT 1-X ITEM 15620 Col. 6

SMCRC 515-L ITEM 151916
SWMFT 1-X ITEM 15620 Col. 6

SWMFT 1-X ITEM 15620 Col. 6

SWMFT 1-X ITEM 15620 Col. 622 34,000

Houston, Texas (Intra)
IUrbana, Texas (Intra)

Texas

Dallas, Texas

12

53

32,000

33,000
Texas 21 33,000

axs 55J 40,000
43 105,000

ITEMJ COMMODITY

T-92 I Caustic Soda I Freeport, Texas

Ft. -Worth. Texas ouston.Texas
Denton, Texas SuarlandTexas
Denton Texas DallasTexas

I) Rates are C.W.T unless otherwise noted
(2) Highest minimum weight rate to be quoted
(3) Interstate rate unless otherwise specified
(4) Ttriff authority not furnished with .CE.revisons
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QSEET 9tOF

nPioe

Ves

ORIGIN

, Texas
, Texas
th, Texas

, Texas

Texas

field, Texas
Lth, Ark.

Texas
field, Texas
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Dallas, Texas
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Lufkin, Texas
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Rosser, Texas
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TABLE 4 (Cont' d)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

TRAFFIC FOR DETERMINATION OF FREIGHT RATES
Nome of Project _TI.NITY RIVER NAVIGATIONRESTUDY

Tee of Transportetion -COMMON CARRIER TRUCKLOAD-
EV O, rS TA

ORIGIN DESTINATION RATE

(1) (3)

T-112 Cottonseed Dentor, Texas Fort Wort

T-113 Molasses Houston, Texas
Molasses Houston, Texas

-114 Molasses Houston, Texas
Molasses Houston, Texas

R-4

tonseaed Meal

(Iron, Steel Plate
or Sheet)

(Iron, Steel Plateor Sheet

R-5 (Iron,

Oakwood, Texas

Dallas, '

MINIMUM
WEIGHT(2)

Ft. Worth, Texas (Intra) 26 I- 38,000 I SWMFT 25-L ITEM
Carthage, Texas (Intra) 30 [ 36,000 RRC 8-B

Carthage, Texas (Intra) 21

1 Shreveport, La. Carthage, Texas 25

Waxahachie, Texas Houston, Texas

ntinued on Pagell

Dallas, Texas

Granite City, Ill.

Ft. Smith, Ark.

or Sheet)
R-8 (Iron, Steel Plate Chicago, Ill.

Ft. Worth, Texas

Ft. Worth. Texas

Dallas, Texas

ron, Steel Plate Fairfield, Ala Dallas

heet) 1

Texas 00

aon, Texas

or Sheet)
R-22 (Iron, Steel Plate Kansas City, Kansas Dallas, Texas

or Sheet)

R-23 (Iron, Steel Plate Daingerfield, Texas Grand Prairie,
or Sheet)

R-24 (Iron, Steel Plate Dallas, Texas Garland, Texas
or Sheet) (I) Rates ore C W.T unless otherwise noted

(2) Highest minimum weight rate to be quoted
(3) Interstte rate unless otherwise specified
(4) Tariff authority not furnished with O.CE.revisions

39

36,000 I RRC

TARIFF AUTHORITY

10370 Rated as syrup in drums
Tank truck

10370 Rated as syrup in drums

Tank Truck

10370 Rated as syrup in drums

8-B

SWMFT 25-L ITEM 10370 Col. 3
SWMFT 25-L ITEM 10560

98 80,000 I SWL 301-D ITEM 2750 RB 934

14

77

41

80.000 TL FB 2-U ITEM 7930 RB 27.4

80,000 SWL 301-D ITEM 2750 RB 674

TL FB 60-J

11 10,000 SFTB 240-1 ITEM 50128

15 80,000 TL FB 2-U

13 80,00 TL FB 2-U

31/

that which would apply if a

ITEM 7930 RB 40.7

ITEM 7930 RB 14.5

80,000 TL FB 2-U ITEM 7930 RB 193

120,000 TL FB 2-U ITEM 7930 RB 242

80,000 SWL 3-1-D ITEM 2750 RB 503

80,000 TL FB 2-U ITEM 7930 RB 162

80,000 TL FB 2-U ITEM 7930 RB 15.6

140

ITEM COMMODITY
NO.

SHEET 3 OF 12

CONTRACT DATA (4)

RATE MI M

II

T-119

fl



TABLE 4 (Cont ' d)

TRINITY RIVER AND TRIBUTARIES,9 TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

TRAFFIC FOR DETERMINATION OF FREIGHT RATES
Nome of Project .. t9uLTRIVER&VIGATION RESTUDY- -----

ITEM COMMODITY

R434

R-351

or Sheet)

R-43 (Iron, Steel Plate

r Sheet)

R-57 I

R-61

3-621

ORIGIN

Ts of Tronsoortation RAIL-C&RIAAD

DESTINATION IRA13 MINIU

Texas Kaufman, Texas 13

field, Texas Kaufman, Texas 264

Houston, Texas

Oakwood, Texas

Houston, Texas

Houston, Texas

Houston, Texas

Bethlehem, Pa.

Bethlehem, Pa.

Houston, Texas

Houston, Texas

Bessemer, Ala.

Waco, Texas

OIW35 4 us4 F2

TARIFF AUTHORITY
OC E REVISIONS TU
CONTRACT DATA 1)

RAEI MINIMUM

EM 7930 RB 162

EM 2750 RB 674

EM 2750 RB 934

TL FB

'Ii
454 80.000 TL FB 60-J TTM 15942

434 80,000 TL FB 60-J ITEM 15942

304 I 80,000 TL FB 2-U ITEM 7930

334 120,000 TL FB 75-M ITEM 15336

454 80.000 TL FB 60-J ITEM 15942 343.6 Miles

Ft. Worth, Texas

nis, Texas

exas (Intra)
exas (Intra)
Texas
Texas
rie, Texas
rie, Texas
exas

xas

, Ala.

exas
rexas

Texas
Texas

(I) Rtes ore C.W. T. unless otherwise noted

(2) Highest minimum weight rote to be quoted
(3) interstate rote unless otherwise specified
(4) Tariff tsherity nst furnished with 0.CE.revislus

120

73
71

120
133
110
124
654

10.02 NT

11

M 15336

ITEM 6590 10.60NT

'83-C

2-U ITEM 8200

0,000 SWL 301-D ITEM 5400

100,000

384
11.90 NPT
7.29 NT ]

702 ]

SFTB 240-I

10.10N

Published 8.20
Published 8.20

4.29

141

gI y fr n p rily - - - -1 . --- 'r V 1

of 2240



TABLE 4 (Cont' d)

TR:LNITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

ITEM COMMODITY
NO.

-76

-77

St-el Scrap

Newsprint
-78 Newsprint

-79

-82

-83 
t-84

Newsprint
Newsprint
Newsprint
Newsprint
Newsprint
Newsprint

TRAFFIC FOR DETERMINATION OF FREIGHT RATES
Name of Project -_TRINITYRIVERNAVIGATION RESTUDY

Type of Trosportation _ AIL-CARIOAD

ORIGIN

Dallas, Texas

Dallas, Texas
Corpus ChrisLi, Texas

, Texas

Ft. Worth, Texas
Dallas, Texas
Daingerfield, Tea

Coosa Pines, Ala.
Houston, Texas
Ft. Smith, Ark.

SHEET 5 0F12
*T1 r r*

DESTINATION RATE MINIMUM

(1)(3) WEIGHT(2)

k.81 Ton

28

Laredo, Texas

Ft. Worth, Texas
n. Lubbock, Texas 114

Lubbock, Texas
Lubbock, Texas

Lubbock, Texas

Dallas, Texas
Dallas, Texas (

Dallas, Texas

42

36

100,000 TL 70-G ITEM 2719

100.000 SWL 306-C ITEM 4470 Col. 3

OCE REVISIONS TO
CONTRACT DATA (4)

RATEM M

4.29NT

4.75NT
F ]5.95NT100 .000

- 3

100,000 SWL 306-C ITEM 4470 Col. 3
-85 Newsprint Pine Bluff, Ark. Dallas, Texas 42 100,000 SWL 306-C ITEM 4470 Col. 3
-86 Newsprint

Newsprint

Lufkin, Texas
Herty, Texas
Hery, Texas
Herty, Texas

Herty, Texas
Ft. Worth, Texa

Dallas Texas
Lufkin. Toes

Newsprint Lufkin, Texas
R-95 I I Newsprint

R-100

R-101

R-102
R-103
R-104
R-105
R-106

R-107

R-108

R-109
0-110

R-111

R-112

R-113

R-114

R-115

0-116
0-117
R-118

R-119
R-120

Newsprint
Paper Scrap

Paper Scrap
Paper Scrap
Paper Scrap

Wrapping Paper
Wrapping Paper
Wrapping Paper

Wrapping Paper

Wrappine Paner
Wrapping Paper

Wrapping Paper
Wraping Paper
Wrapping Paper
Wrapping Paper
Wrapping Paper
Wrapping Paper
Wrapping Paper

Wrapping Paper

Wrapping Paper

Lufkin, Texas

Herty, Texas
Houston, Texas

Kansas City, Kan.

Ft. Smith, Ark.

Daingerfield, Texas

Savannah, Ga.

Oakwood, Texas
Houston, Texas

Dallas, Texas -

Tula. aOk.
Houston, Texas

Ft. Worth Texas
Dallas, Texas

Lufkin Texas
Lufkin, Texas
West Monroe, La.

Corpus Christi, Tex(Intra) 43

Ft. WorthTexas (Intra)
Riverside, Texas (Intra

Lubbock, Texas (Intra)

Oakwood, Texas (Intra)
Lubbock, Texas (Intra)

Lubbock, Texas (Intra)
Dallas, Texas (Intra)

Oakwood, Texas (Intra)

56
21
42

43
29
21

100,000 TL 60-J ITEM 17025

100,000 TL 60-J ITEM 17025

100,000 TI. 60-J ITEM 17Q25

100,000 TL 60-J ITEM 17025

100.000 TL 60-J
, Texas (Intra) 26 50,000 TL 60-J ITEM

, Texas

Dalla

1d, Texas Wichita Falls, Texas
La. Dallas, Texas

1 Ark. Waco, Texas

ld, Texas Waco, Texas
S. C. Dallas, Texas

le, Fla. Dallas, Texas
L. _ Dallas, Texas

ld, Texas Dallas, Texas
e, N. C. Ft. Worth, Texas

36k 1 80.000 _ SWL 2006-H ITEM 15600

70/

90,000

SWL 2004-H ITEM 15600

SWL 2004-H ITEM 15600
SWL 281-G ITEM 2045 CoO. A

SWL 281-G ITEM 2045

SWL 306-C ITEM 4610 1. A
SWL 306-C ITEM 4610 Col. A
SWL 306-C ITEM 4610 Col. A
TL 60-J ITEM 16945 Com. Col. 1118

TL 60-J ITEM 16945 Com. Col. 1118

TL 60-J ITEM 16945 Com. Col. 1118

ITEM 490,000 SWL 306-C

Col. A

Col. A

Col. A

Ccl. A
Col. A

90,000 SWL
Waco, Texas 47/ 90,000 SWL 281-G
Waco, Texas 22 90,000 SWL 306-C
Ft. Worth, Texas 52 90,000 SWMFT281-G
Pensacola, Fla. 39 90,000 SFTB 867-D

1Dallas Texas Ft. Worth, Texas 13 9.0.000_S WL 306-C
(I) Rates are C.W.T unless otherwise noted
(2) Highest minimum weight rate to be quoted
(3) Interstate rate unless otherwise specified
(4) Toriff authority not furnished with 0.CE.revisions

7.58NT

8.18NT

7.58NT

21
A
A

.B

B 23
.B

.B 5

.B

.B

404

142

TARIFF AUTHORITY

004-H ITEM 13050

70-G ITEM 7043
____

TTEM



TABLE 4 (Cont d)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION FEATURES

REEVALUATION OF NAVIGATION FEATURES

TRAFFIC FOR DETERMINATION OF FREIGHT RATES
Name of Project - - IRINITY HX[YEE OI6V A'LTJ J1FJIOY
Type of Transportation -_RAIL-CARLOAD-_ _- - - - - -T - - - - - - - - - - - - - - - -

ORIGIN

d Dain erfield Texas
r Quincy, Ill.

r Bo alusa, A.
ir Counce, Tenn.

r Dallas, Texas
r Hattiesburg, Miss.

ir Hattiesburg, Miss.
r Dallas, Texas

r Pine Bluff, Ark.

ar Rome, Ga.

r Fernadnia, Fla.

Trinity, Texas

Trinity, Texas

Huntsville, Texas

Huntsville, Texas
St. Louis, Mo.
Ft. Smith, Ark.

Dain erfield, Texas
Dallas, Texas

Woodville. Texas
Wodvke, Texs
Crockett, Texas

Crockett, Texas

Coleman, Texas

Coleman, Texas

Coleman, Texas
Coleman, Texas
Malakoff, Texas
Malakoff, Texas
Malakoff, Texas
Malakoff, Texas
Teague, Texas

Teague, Texas

Teague, Texas

Teague, Texas

Teague, Texas

Teague, Texas

Mill Creek, Okla.

Mill Creek, Okla.

Corpus Christi, Texs
Milbu Ola

Milburn, Okla.

Midway, Texas

Midway, Texas

Teague, Texase

Dallas, Texas
Ft. Worth, Texas

Ft. Worth, Texas

Freeport, Texas

DESTINATION RATE MINIMUM

(1) (3) WEIGHT(2)

Da

, Texas

Pasadena, Texas (Intra)

Riverside. Texas (Intra)

44
20

18 1

Pasadena, Texas (Intra) 18

Ft. Worth, Texas

Ft. Worth, Texas

Host n xas (Intra)
Urbna Texas Intra
Pasadena, Texas (Intra)

Riverside Texas Intra)
Houston Texas (Intra)
Ft. Worth, Texas Intra

Dallas, Texas (Intra)
Beaumont, Texas (Intra)

Houston, Texas (Intra)

Trinidad Texas (Intra
New Orleans, La.
Trinidad Texas (Intra)
New Orleans, La.

Oakwood Texas
Houston Texas

Baton Rouge, La.
Houston, Texas (Intra)
Oakwood, Texas (Intra)
Laredo, Texas

Dallas, Texas
as Laredo,_Texas

Houston, Texas

Dallas, Texas (Intra)

Waco, Texas (Intra)

TARIFF AUTHORITY

SHT6OF 12
vOC REVISOS TO
CONTRACT DATA (4)

RATE MINIMUM

90,000 SWL 281-G ITEM 2045

90,000 SWL 306-C ITEM 4610
90,000 SWL 281-G

200Q
000

ITEM 2045

TLFB 60-J ITEM 17580

TLFB 60-.7 TTM 17SAQ

TT~pn60-.T Trau17580
SWL 36-T ITEM 2405-B
SWL 36-T ITEM 2405-B
SWL 36-T ITEM 2405-B Constructed Rate

SWL 36-T ITEM 2405-B Constructed Rate
TLFB 36-H ITEM 5810

1 NTI 95,000 1 TLFB 60-J ITEM 39800

ConstructedRate
Com. Col. 935

06 100,000 TLFB 60-J ITEM 13450 Com. Col. 935
44 80,000 SWL 142-L ITEM 7010

06 100,000 TLFB 60-J ITEM 13450 Com. Col. 935

454 80,000 SWL 142-L ITEM 7010
194 80,000 SWL 142-L ITEM 7010 Constructed Ba
124 100,000 TLFB 60-J ITEM 13450 Com. Col. 935

3.03
3.63
4.74
3.16

1.52
.75

1.46
.75

42

18 80,000 j TLFB 60-J ITEM 12510

TL 60-J ITEM 37040 In Tank Cars
TL 60-J ITEM 18300 In Drums
TL 60-J ITEM 36460364 80,000

nae Waco, Texas (Intra) 414 70,000 TL 60-J ITEM 18300

Ohio Dallas, Texas 122 70,000 S WL 2005-H ITEM 18250 Part 1

d, Texas Dallas, Texas 424 70,000 j SWL 2004-H ITEM 18250 Part 1

t Smith, Ark. Dallas, Texas 564 1 70,000 | SWL 2004-H ITEM 18250 Part 1

57 100,000

(1) Rates are C.W T unless otherwise noted
(2) Highest minimum weight rote to be quoted
(3) Interstote rote unless otherwise specified
(4) Tariff authority not furnished with G.CE.revislons

143

ITEM
NO.

COMMODITY

136

-138
6-139
6-140
R-141

R-1491 Coke

12501 - Coke
R-151 Coke

R-160 Brick
Brick
Brick
Brick
Brick
Brick
Brick
Brick
Brick
Silica Sand

Silica Sand

Silica Sand

Silica San
Silica San
Silica San
Silica San

Sand and G
Sand and G0
Sand
Sand
Liquid Sul
acid in do
Liquid Sulk
acid in drt
Caustic Ac

Caustic Ac

Caustic Ac

Caustic so(
Caustic So
Caustic So(
Caustic So(
Caustic So

Soda Ash

Ash
Ash

R-1931 I SodasA

Il

!

_



ITEM
Na,

R-196

R-197

R-200

-202

COMMODITY

Soda Ash
Soda Ash
Soda Ash

1ane Crstls

Silicate of Soda
Silicate of Soda
Elem. Phosphorus
Elem. Phosohorus

E20 Eim.i
-204 Elem. P

b213 Phosphate
-214 Phosphate

X-215 Phosphate
t-216 Phosphate
1-217 Phosphat~e
1-218 Phosphate

-2271
-2281
-229
R 230

onium Phosphate
onium Phosphate
onium Phosphate
onium Sulfate
onium Nitrate
onium Nitrate
onium Nitrate
onium Nitrate

onium Nitrate
onium Nitrate

tiliser

tiliser

tiliser

tilizer
tilizer
tilizer

ethylenee Pellets
.yethylene Pellets
)aphoric Acid
:rogen Solution

rogen Solution
rogen Solution

R-2501 Solvents (Tank C

TABLE 4 (Cont' d)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

TRAFFIC FOR DETERMINATION OF FREIGHT RATES
Name of Project - - 5IHIIY JIVESS syIATIONRHOS IUDY_
Tas of Trans oration RAIL-CARLOAD _

ORIGIN

Trinidad, Texas

Corpus Christi. Te

Rosser, Texas

Galveston. Texas
Dallas. Texas
Dallas, Texas

Columbia, Tenn.

Daingerfield, Texa

Muscle Shoals. Ala

Dsingerfield, Texa

Dallas, Texas

Ft. Worth, Texas

Muscle Shoals, Ala

Dallas Texas
Columbia. Tenn.

Dallas, Texas

Ft. Worth, Texas
Daingerfield, Texa
Tampa, Fla.
Daingerfield, Texa

Dallas, Texas

Houston, Texas

RATEDESTINATION RA13
(1) (3)

Ft. Worth, Texas (Intra) 274

MINIMUM
WEIGHT(2)

70,000
80 000

7000
68,000

SHEET 7F 19

TARIFF AUTHORITY

TL 60-J ITEM 18300
TL 60-J ITEM 36460 Intermediate

TL. 6-J ITOM 18300
TL 60-J ITEM 17345

_100 000
70,000

20k 1 80,000
xas (Intra) 18 80.000

Texas 12.00 NT I 10.0

Ft. Worth. Texas (Intra) I I 39 80,000 TLFB 60-J
as Dallas, Texas

, Texas Dallas, Texas

s Chicago, Ill.

s Daingerfield Texas
La. Dallas, Texas

ti, Texas Dallas, Texas (Intra)

a. Dallas Texas

a. Florence, Ala.
, Texas

, Texas

Texas
Texas
Texas
h, Texas

Dallas, Texas

9.20 NT 100.000 SWL 273-C

,7 :

CONTRACT DATA (4)

RATE MINIMUM
RAE WEIGHT

SWL 2007-G ITEM 9750
SWL 2004-H ITEM 9750
SWL 2004-H ITEM 9750
SWL 2004-H ITEM 9750
SFTB-S-2011-L ITEM 26442

ITEM 12510
ITEM 1518-C As Fertilizer

ITEM 1518-C As Fertilizer
ITEM 9750

ITEM 9750
ITEM 9750

ITEM 18205

ITEM 1518-C As Fertilizer

-68.000 TL 60-J

68,000 TL 60-J

10000 non a 74-r

Dallas, Texas (Intra) 524 60,000 TL 60-J ITEM 14
Houston, Texas (Intra) 574 60,000 TLPB 48-R ITEM 3C
Dallas, Texas (Intra) 394 1 60,000 TLFB 48-R ITEM 30200

Ft. Worth, Texas (Intra) 334 60,000 TLFB 48-R ITEM 30200
Houston, Texas (Intra) 50 60,000
Dallas, Texas (Intra) 20J 60,000

te Rock Tama, Fla. JNacogdoches, Te

E Hoch I Dahktood. Texas Naodo hes, Ta
(I) Rates are C.W.T unless otherwise noted

(2) Highest minimum weight rote to be quoted
(3) Interstate rate unless otherwise specified
(4) Tariff authority not furnished with .CE.revisions

TLFB 48-R ITEM 30200

TLFB 48-R ITEM 30200
TLFB 48-R ITEM 30200

TLFB 48-R ITEM 30200
- 30200

SFTB 876-B ITEM 30970
SFTB 876-B ITEM 30970

6.90NTt 60.000

8.90NT

6.70NT

144
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TABLE 4 (Constd)

TRINITY RIVER AND TRIBUTARIES , TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

TRAFFIC FOR DETERMINATION OF FREIGHT RATES
Name of Project .. - TRINITY RIVER NAVIGATION RESTUDY

Type of Transportation. - - B tL-CARiAi n - SHEET 8 OF 1
ITMIAT INIMUCONTRACT DATA (4)ITEMI ORGINI i TARFF UTHOITYOCE REVISIONS TO

NOE. COMMODITY ORIGIN DESTINATION RATE MINIMUM TARIFF AUTHORITYCRAT DAINIMU)11. ( )1113) WEIGHT(2) RATE MINIMUM

R-269 Phosphate Rock Daingerfield, Texas

R-271 Phosphate Rock Bopnie, Fla. Tampa, F
R-272 I Phosphate Rock Dallas, Texas I Ft. Wort

doches, Texas 2.90 NT 1C0,000 SFTB 876-B ITEM 201
ty, Texas 8.30 NT 100,000 SFTB 876-B ITEM 30970

, Fla. 1.94 NT 100,000 SFTB 876-B ITEM 30970

8.40 NT 100,000 SFTB 876-B ITEM 201

1.14 NT 100,000 SFTB 876-B ITEM 170
1.60 NT 100,000 SFTB 876-B ITEM 201
4.20 IT 100,000 SFTB 876-B ITEM 201

8.30 NT 100,000 SFTB 876-B ITEM 201

1.40 NT 100,000 SFTB 876-B ITEM 201
3.70 N' 100,000 SFTB 876-B ITEM 201

4.64 NT 80 000
3.68 NT 80,00(
1.28 NT 80,000 SWL 162-W ITEM 18420

80,000 TLFB 84-I ITEM 480

80.000 TLFB 84-T ITEM 480

80,000 TLFB 84-I ITEM 480

60,000 TLFB 58-H Section

60,000 TLFB 58-H Section

40,000 SWL 182-1 ITEM 5042
40,000 SWL 182-1 1 Constru

40,000 SWL 182-1 Constru
Texas Ft. Worth, Texas 27 40,000 SWL 182-1

Constructed Rate

Ft. Worth 50.000 TLFB 60-J
Houston, Texas (Intra) 47 40,000 TLFB 61-J
Dallas, Texas (Intra) 13/ 40,000 TLFB 61-H

Houston, Texas Marshall, Texas (Intra)

13 40,000

1.14'T

2.800

11.080

5.30NT

2.66NT

te 1.54NT

13 1 40,000 TL 61-H

64 50,000 SWL 326-A

37 50,000 SWL 326-A Constructed Rate
16 80,000 TL 88-D ITEM 610
11 80,000 TL 88-D Constructed Rate
74 60,000 TL 37-S ITEM 1013
48 60,000 TL 37-S Constructed Rate

Lubbock, Texas Ft. Worth, Texas 44 60,000 TL 37-S Constructed Rate
Sugarland, Texas (Intra)'
Ft. Worth, Texas 5.30 N

Ft. Worth, Texas 1.62 N

7 80,000 TL 88-D ITEM 610

(I R otes are C..T unless otherwise noted
(2) Highest minimum weight rote to be quoted
(3) Interstate rote unless otherwise specified
(4) Tariff authority not furnished with .CE.revislans

145

R-268 Phosphate Rock

R-270

Dallas, Texas

Phosphate Rock Bonnie, Fla. Ft. Worth, Texas

Limestone Houston, Texas
Dallas, Texas
Ft. Smith, Ark.
Houston, Texas

Ft. Worth. Texas

Dallas, Texas

Houston, Texas

Dallas, Texas (
Ft. Worth, Texas
Ft. Worth, Texas

Ft. Worth. oTexa

R-281l

R-304

R-305
R-306

Salusaw, Oklahoma
Salusaw, Oklahoma

Salusaw, Oklahoma
Strewn, Texas
Strawn. Texas
Strain, Texas

Midlothian, Texas

Midlothian, Texas
Kansas City, Mo.
Dallas, Texas

rk.

Texas

Ft. Worth, TexasFlour Dallas, Texas

Trinidad. Texas

I Dallee. Texas

Lubbock, Texas

Marshall, Texas (Intra)

Ft. Worth, Texas (Intra)

Dallas, Texas

Houston, Texas

_______

- L

_ 7 .50NT

.43

32

_ 32



TABLE 4 (Contd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

TRAFFIC FOR DETERMINATION OF FREIGHT RATES
Nome of Project -T.-.RINITY RIVERNAVIGATIONRESTUDY

Type of Transportation - _RAIL-CARLOAD

COMMODITY ORIGIN DESTINATION I

Houston, Texas

, Texas Grapevine, Texas

RATE MINIMUM
(1) (3) WEIGHT(2)

SHEET O9OF 12

TARIFF AUTHORITY

27 40,000 SWL 182-I Constructed Rate 22
rk. Grapevine, Texas 35 40,000 SWL 182-I

Ft. Worth, Texas (Intra) 57 36,000 TL 60-J
es Houston, Texas Marshall, Texas (Intra) 57k 36,000 TL 60-J

Trinidad, Texas Marshall, Texas (Intra) 21 I 36,000 TL 60-J ITEM 16500 Constructed Rate 22

OCE REVISIONS TO
CONTRACT DATA (4)
RATE MINIMUM

>r Sheet Jefferson, Texas McGregor, Texas 32/ 80,000 SWL 2-U ITEM 7930

>r Sheet Dallas, Texas Carrollton, Texas 13 80,000 SWL 2-U ITEM 7930

>r Sheet Ft. Worth, Texas Hurst, Texas (Intra) 12 80,000 TL 60-J ITEM 15942

r Sheet Dallas, Texas Hurst, Texas (Intra) 13 80,000 TL 60-J ITEM 15942

-347 Steel Plate or Sheet IDallas, Texas

n, Texas _
, Texas

, Texas _
ton, Texas
rfield, Texas

, Texas
Pass, Texas

rth, Texas
rfield, Texas _

, Texas

Arlington, Texas

Waco, Texas (Intra)
Dallas, Texas

Dallas, Texas
Dallas, Texas

Carrollton, Texas

13 80,000 SWL 2-U ITEM 7930

28 80,000 TL 60-J ITEM 15942

77 80,000 SWL 301-D ITEM 2750
98 80,000 SWL 301-D ITEM 2750
98 80,000 SWL 301-D ITEM 2750

38 80,000 SWL 2-U ITEM 7930

Texas (Intra) 14 80,000 TL 60-J ITEM 15942

Grapevine. Texas 13

13

80,000 SWL 2-U ITEM 7930

80,000
80,000
80,000 TL 60-J ITEM 15942

I11111 -

-i

1-368 Steel Plate or Sheet Houston, Texas Lubbock, Texas 51 80,000 SWL 2-U ITEM 7930-369 Steel Plate or Sheet Ft. Worth, Texas Lubbock, Texas 43 80,000 SWL 2-U ITEM 7930-370 Steel Plate or Sheet Dallas, Texas Lbbock, Texas 43 80,000 SWL 2-U ITEM 7930

Steel Plate or Sheet 'Dallas, Texas

Steel Plate or Sheet Daingerfield, Tee
Steel Plate or Sheet Trinidad, Texas

Steel Plate or Sheet Jefferson, Texas

Steel Plate or Sheet Trinidad, Texas
Iron Plate or Sheet Jefferson, Texas

Dallas, Texas
Dallas, Texas

Dallas, Texas

Daingerfield,

Dain erfield,
Ft. Smith, Ark
Ft. Worth, Tee
Dallas, Texas

Daingerfield,
Ft. Smith, Ark

Paris, Texas (Intra)

Paris, Texas (Intra)
Tyler, Texas
Tyler, Texas

Tyler, Texas (Intra)

Tyler, Texas (Intra)

Lubbock, Texas

Lubbock, Texas
Lubbock, Texas

Ft. Worth, Texas
Ft. Worth, Texas

Ft. Worth, Texas DallasTexas

Ft. ts, Texas Ft. Smith, Texa

t. Wrth Texaserfield
(I) Rates are C.W.T unless otherwise noted

(2) Highest minimum weight rae to be quoted
(3) Interstate rste unless otherwise specified
(4) Tariff authority not furnished sith .CE.reislo-s

23 80,000 TL 60-J ITEM 15942
23 80,000 TL 60-J ITEM 15942
14 80,000 SWL 2-U ITEM 7930

Present Rate 82

Present Rate 82

SWL 2-U ITEM 8200
Constructed Rate

Constructed Rate

SWL 2004-H ITEM 16250
SWL 2-U ITEM 8200

Prei

SWL 2-U ITEM 8200 Constructed Rate
Constructed Rate Present Rate 63
SWL 2004-H . ITEM 16250

TL 60-J ITEM 18030

TL 60-J ITEM 18130

SWL 2006-H ITEM 13050 Part 1

SWL 2006-H ITEM 13050 Constructed Rate
SWL 2006-H ITEM 13050 Constructed Rate

SWL 2006-H ITEM 13050 Constructed Rate

20k

34i 40,000

25 40,000

146

ITEM
NO.

R-329
-330
t-331
-332
-333
-334
-33
-336
- 37
1-338
R-339
1-340

-Molasses

Steel Plate or S
Steel Plate or S
Steel Plate or S'

Steel Plate or S'

Steel Plate or S
Steel Plate or S
Steel Plate or S
Steel Plate or S'i-361

-371
-372
-373

-374
-375
-376

ught Iron Pipe
el Scrap
el Scrap
el Scrap

-392

1-3521 Steel Plate or SR-353 Steel Plate or S

ises

141 40,000



TABLE 4 (COnft d)

TRINITY RIVER AND TRIBUTARIESA TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

TRAFFIC FOR DETERMINATION OF FREIGHT RATES
Nome of Project - - -_TRINITY RIVER NAVIGATION RESTUDY

Tuoe of Trensportation BAI-UcARLAD_

ORIGIN

SHEET 0OF 12
y. - --... .. -..

RdTE
DESTINATION RAT3

(1) (3)

.s, Texas Houston, Texas (Intrl
:ol, Rhode, Island Irving, Texas

is, Texas Irving, Texas

Grand Prairie, Texas
Bay Minette, Ala.

New Orleans .
Daingerfield, Texas

Rosser Texas
Bristol, Rhode Island

Dallas, Texas

Grand Prairie, Texas
Houston, Texas
Dallas, Texas
Ft. Worth, Texas

Ft. Worth, Texas
Ft. Worth, Texas

Pierce, Fla.
Pierce, Fla.

Bartow, Fla

Bartow, Fla.
Bishop, Texas
Bishop, Texas

Kerens, Texas
Houston, Texas

Ft. Worth, Texas
Houston, Texas

Houston, Texas

Lufkin, Texas (Herty)

Lufkin, Texas

Lufkin, Texas

Rosser, Texas

Conner Wire & Cabl
Copper Wire & Cabli

Caustic Soda(Liqui
Caustic Soda(Liqui
Sulfuric Acid
Sulfuric Acid
Sulfuric Acid
Phosphoric Acid

Phosphoric Acid

Phosphoric Acid

Phosxhoric Acid

Foemalin

Formalin
Nitrogen Solution

Toluene & Xylene
Butane (LPG)
Newsprint

Ne sprint
Newsprint

Newsprint

Newsprint

Newsprint

Newsprint

Wrapning Paper
Wrapping Paper
Wrapping Paper

WCerAp PaerP
Converted Paper Pro

Converted Paper Pro
Molasses (Inedible
Polyvinyl Chloride
Resin Compound
Polyvinyl Chloride
Resin Compound
Sodium Phosphate

Ammonium Phosphate

Elemental Phosphor

Phosphate Rock

Irving, Texas
Dallas, Texas (Int
Ft. Worth, Texas

Dallas, Texas (Intra)
Houston, Texas (Intra)

Urbana, Texas (Intra)

Mineral Wells, Te

Rosser, 'T

tra)

Sims Bayou,'T

(1) Rates are C.W. T unless otherwise noted

(2) Highest minimum weight rate to be quoted
(3) Interstate rote unless otherwise specified
(4) Tariff authority not furnished with O.CE.reisions

178

MINIMUM
WEIGHT(2)

50,000

as 22 50,000
22 50,000

i 80,0)
0,000

460 100,000

48%

100,000
100,000
100,000

70,000
80,000
80,000
80,000

7. of Car
|ap Aver

80,000
50,000
50,000

50, 000,
50,000

70,000
90,000

90,000
90.000
90,000
90,000

TARIFF AUTHORITY

Part 4
Constructed RateL 301-D

SWL 2005-H ITEM 5300

TL 60-J ITEM 13060 Tank Car
TL 60-J ITEM 20580 Car Cap not le

0 ITEM 12510

SWL 273-)

ol

SWL 306-C ITEM

SWL 281-G ITEM 2045

1

TLFB 84-I ITEM 480

TLFB 84-I ITEM 480
TLFB 84-I ITEM 480
TLFB 84-I ITEM 480
TLFB 84-I ITEM 480

147

ITEM
NO.

R-401 Copper

CONTRACT DATA (4)

RATE I MINIMUM
E wIGHT

COMMODITY

e & Cable
e& Cable

silas,
;ems,

R40!
R-406
R-407
R-408
R-409

R-410

R-41

R-41

R-41

R-411

R-43

R-434
R-43
R-43

R-43
R-43
R-43
R-44
R-44
R-44
R-44

R-'
R-44

R-44
R-44
R-44

R-45
R-45
R-45
R-45
R-4

e, Texas

e, Texas
exas

, Texas

Texas
:, La.

es, Ala.
le, Ohio
Texas

exas

eas
a, Texas

Eels, Texas

s, Texas

Texas

. -- i --- ---

R-40 Wire
:as

G

e



TABLE 4 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

TRAFFIC FOR DETERMINATION OF FREIGHT RATES
Name of Project __TRINITYRIVERNAVIGATIONR SJUJt

Type of Transportation - AIL-CARLOAD,TRUCK, SEATRAIN, SEALAND, BARGE
SHEET1I1 OF 1 2

OCE REVISIONS TO

avel Urbana, Texas
avel Austonio, Texas

RdTE MINIMUM
DESTINATION RT IIU

(1)1(3) WEIGHT(2)

nelview Texa 1.46 NT 90,000
nelview, Texas 1.88 NT 90,000

1.75 NT

Channelview, Texas
Channelview, Texas
Grand Prairie, Texas

Sims Bayou, Texas

Dallas, Texas

Grand Prairie, Texas

TARIFF AUTHORITY

90,000 TLFB 84-I ITEM 480

1.23 NT 90,000 TLFB 84-I

2.11 NT 90,000 TLFB 84-I

akwood, Texas Dallas, Texas 1.83 NT 90,000 TLF

ht Iron Pipe Galveston, Texas

um Bar Stock Houston, Texas
num Bar Stock Dallas, Texas
print Houston, Texas
>oard,Pulpboard Demopolis Ala.
Vessels Dallas. Texas Houston, Texas

Sparrows Point, Md. Dallas Texas
Sparrows Point, Md. Ft. Worth, Texas
Sparrows Point, Md. Mineral Wells, Texas

Sparrows Point, Md. Waxahachie, Texas
sparrows Point, Md. Grapevine, Texas

1 Plate Bethlehem, Pa. Houston, Texas

33

72

P TRANSB

111 a
111 *

116k *
111 a

111% *

45,000

42 000

80,000

90,000

90,000

36,000

36,000

36.000

100,000

ITEM 8710

Ft.SWMFT 25-L ITEM 8710

CONTRACT DATA (4)

RATE MINIMUM

~~i1 ____ I ________

081 10-U ITEM 920

RAIN _____
SeatrainTariff G-2-A ITEM_2501-B Comb._ares _

Seatrain Tariff G-2-A ITEM 2501-B Comb. Sates

Seatrain Tariff G-2-A ITEM 2501-B
, Texas 111 * 100,000 Seatrain Tariff 0-2-A ITEM 2501-n

85 * 100,000 Seatrain Tariff G-2-A ITEM 2500

-8 Iron or Steel Plate Sparrows Point, Md. Kaufman Texas 111, 100.000 Seatrain G-2-A ITEM 2501-B leestrarted Rate
NOTE: Show rates in effect when Sea Train service was suspended.

___ ___ __ ___ __ __ -i___t _ __ ___ __ ___ __ ___ __

_______________ I ___________________ ______________

Iron or Steel Plate Sparrows Point, Md. Grapevine, Texas

Ft. Worth. Texas
McGregor, Texas

rate

Houston, Texas

Houston, Texas

Houston, Texas

145 ** 80,000

10.07 NTI 600 Ton

Sealand Tariff 81-H ITEM 4538 Comb. Rates

Federal Barge Lines 229-N ITEM 4360

or Sheet

B-5 Iron, Steel Plate Fairfield, Ala. Houston, Texas 8.90 NT 600 Ton Federal Bar
or Sheet

B-6 Iron, Steel Plate Granite City, Ill. Houston, Texas 6.92 NT 600 Ton Federal Bar

or Sheet
B-7 Iron, Steel Plate Ashland, Ky. Houston, Texas 9.37 NT 600 Ton Federal Barg

or Sheet
B-8 Iron, Steel Plate Bethlehem, Pa. Houston, Texas No Barge Se!

or Sheet

B-9 Iron, Steel Plate VOID

or Sheet

B-10 Phosphate Inglis, Fla. Houston, Texas 10.63 NT 600 Ton Federal Barg
B-11 Nitroen Solution Henderson Ky. Houston Texas 8.35 NT 600 Ton Federal Bar

(I) Rates xre C W.T unless otherwise noted
(2) Highest minimum weight rate to be quoted
(3) Interstte rate unless otherwise specified
(4) Tariff authority not furnished with O.CE.revisions

r Grade

r Grade

148

COMMODITY
ITEM
NO.

R-458
R-459 I
R-460

ORIGIN

Sand & Gravel Midway, Texas
Rosser, Texas
Trinidad, Texas

Midway, Texas
Trinidad, Texas

Oakwood, Texasravel

L-5

* atra m rae inclues water and land o1h ae

,R1.

ate

I& In lra 
v nl 10

0



TABLE 4 (Co t d)

TRINITY RIVER A I TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

TRAFFIC FOR DETERMINATION OF FREIGHT RATES
Name of Project . .'TRINITY RIVER NAVIGATION RESTUDY

Tfae of Transorttion EARDS

DESTI NATION

Houston, Texas

____

RATE MINIMUM
(1)1(3) WEIGHT(2)

TARIFF AUTHORITY

229-N ITEM 14210 Other than ert. Grade

(1) Rates are C.. .T unless otherwise noted
(2) Highest minimum weight rate to be quoted
(3) Interstate rote unless otherwise specified
(4) TerIff authority not furnished with .CE.revisaiOns

149

ITEM
COMMODITY ORIGIN

Henderson, Ir.
Vickeburg, Miss.
Vicksburg, Miss.
YickiburE. Miss.
Hedrson, y.JapFla.

py Cp -- SHEET RVISIFON T

CONTRACT .DATA 14)
RATE MINIMUM

T

T

e l2



existing waterways, published waterway tariffs, unregulated carrier

rates, port and harbor tug expenses, waterway carrier revenues,
and other data pertinent to constructing barge rates.

26. The above study and analyses provided the basis for

construction of a mathematical transportation model of the barge

transportation industry. The model was constructed by entering
input data on cost, physical factors of the waterway, and port and

harbor data into a computer program. The results provided the
appropriate constructed barge rates used in the traffic analyses
in this restudy of the navigation economics.

27. The completed results of the computer program for barge

rates are contained in four volumes: (1) Trinity River Grain
Studies, (2) Trinity River Iron and Steel Studies, (3) Trinity River

newsprint, pulp and paper, chemicals, phosphates and fertilizer
materials and (4) Trinity River diversified commodities. These
volumes are on permanent file with the Corps of Engineers.

28. The barge rates developed by the foregoing method and
used in the several analyses of traffic covered in this appendix
are given in table 5.

29. Transfer, switching and handling charges.- Transfer,
switching and handling charges were acquired under the overland
rate contract discussed in paragraph 23e above. As a general
rule, the switching and transfer charges were obtained from
the published tariffs, according to the highest minimum weight
and type of commodity covered by the tariff. In those instances

where a rate had to be constructed by the contractor, appropriate
switching and handling charges were estimated by the contractor
on the same basis as the rate constructed.

30. The handling charges were developed as industry averages,
depending on the commodity and volume involved, that would be
representative for the movement. Where available, handling
charges were taken directly from published tariffs. All transfer,
switching and handling charges were reviewed for consistency,
applicability and accuracy by Corps' transportation specialists
prior to use in traffic analysis computations.

31. The list of transfer, switching and handling charges
developed by the rate contractor and used in the traffic analyses,
presented in this appendix, is shown in table 6. Charges used in
the grain and sand, gravel and stone studies were developed
through contacts with railroad, trucking and industry personnel and
are discussed in detail in their respective studies.

150



TABLE 5

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

BARGE RATES

Sheet 1 of 7

Destination
Rate Per
Net Ton

Commodity

DestinationOrigin

ALUMINUM PRODUCTS

Mobile
Mobile
New Orleans
New Orleans
Houston

Florence
Yazoo City
Yazoo City
Yazoo City
Yazoo City
Yazoo City
Yazoo City

Florence
Florence
Trinidad

Houston
Florence

Florence

Mobile
Mobile

Grand Prairie
Dallas
Grand Prairie
Dallas
Dallas

AMMONIUM NITRATE

Dallas
Dallas
Catoosa
Muskogee
Ft. Smith
Daingerfield
Jefferson

AMMONIUM PHOSPHATE

Daingerfield
Dallas
Houston

AMMONIA SULPHATE

Dallas
Dallas

ANHYDROUS PHOSPHATE

Ft. Worth

BOND PAPER

Rosser
Jeffer son

6.25
6.13
5.47
5.35
2.10

6.27
4.44

2.97
2.74
2.35
3.13
3.00

3.74
6.27
1.44

1.68
6.27

6.27

4.64
3.56

Oakwood
Oakwood
Oakwood
Trinidad
Trinidad
Dallas
Ft. Worth
Dallas
Ft. Worth

New Orleans
Baton Rouge
Houston
Houston
New Orleans
Beaumont
Beaumont
Houston
Houston

CAUSTIC SODA OR CAUSTIC ACID

Lake Charles
Lake Charles
Houston
Freeport
Freeport
Port Neches

Houston

St. Louis
St. Louis

Ft. Worth
Dallas
Dallas
D&llas
Ft. Worth
Dallas

CEMENT

Dallas

COKE

Ft. Worth
Dallas

CORN OR CORN BY-PRODUCTS

Kansas City
Kansas City
Omaha

Trinidad

Ft. Worth
Dallas
Dallas

COTTONSEED CAKE

Houston

151

Origin
Rate Per
Net Ton

BRICK

2.16
2.57
1.07
1.27
2.29
1.22
1.42
1.54
1.72

2.47
2.20
1.87
1.90
2.18
2.00

1.56

7.73
7.51

5.41

5.08
5.63

1.25

v w .r. .r. -" --



TABLE 5 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

BARGE RATES

Commodity
Sheet 2 of 7

Origin Destination

COTTONSEED MEAL

Ft. Worth Houston
Dallas Houston
Freeport Oakwood

COTTONSEED OIL

Rosser Houston
Ft. Worth Houston
Dallas Houston

CRUDE RUBBER

Houston Dallas

FATTY ACID

Dallas Houston

FERTILIZER, INORGANIC

Houston Dallas
Houston Oakwood

FISH MEAL

Houston Ft. Worth
Houston Dallas

FORMALIN(LIQUID)

Corpus Christi Dallas

Ft. Worth
Dallas

GRAIN

Houston
Houston

Rate Per Rate Per
Net Ton Origin Destination Net Ton

HARWOOD, GREEN ROUGH LUMBER

1.87 Urbana Houston
1.69
1.32 ISOPROPYL ALCOHOL

Houston Dallas

1.76 LEAD INGOTS
2.77
2.48 Dallas Houston

Ft. Worth Houston

LIGHTWEIGHT AGGREGATE
2.02

Ft. Worth Houston
Dallas Houston

1.93 LINE

Ft. Worth Houston
Dallas - Houston

1.68
1.16 LIMESTONE

Dallas Houston

3.00 L.P.G.
2.68

Dallas Houston
Ft. Worth Houston

2.85 MAIAMIN CRYSTALS

Galveston Dallas

1.27 MEAL AND FEED
1.12

Corpus Christi Ft. Worth
Corpus Christi Dallas

1.05

1.93

2.60
2.89

2.20
1.98

1.83
1.63

1.57

3.81
4.36

2.52

2.75
2.x5
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TABLE 5 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

BARGE RATES

Sheet 3 of 7

Rates Per Net Ton At Destination Listed

Mississippi-
Origin Houston Daingerfield Jefferson Catoosa

Birmingport (Includes Loading)
Pittsburgh, Wheeling, Alquippa,

Wierton, Benwood
Portsmouth, Ashland
St. Louis, Alton, Granite City
Chicago, Gary, Ind. Harbor
Kansas City

Birmingport (Includes Loading)
Pittsburgh, Wheeling, Alquippa,

Wierton, Benwood
Portsmouth, Ashland
St. Louis, Alton, Granite City
Chicago, Gary, Ind. Harbor
Kansas City
Houston

6.47

10.07
9.37
6.92
8.25
9.14

Oakwood

8.05

11.00
10.41
8.50
8.99

10.72
1.60

Dallas

8.25

8.02
7.23.
x.95
7.54
8.04

8.10

7.90
7.11
5.79
7.41
7.89

Rosser Muskogee

8.49

11.36
11.39
8.24

10.27
10.49
2.12

Trinidad

8.72

8.82

7.58
6.80
5.25
7.11
7.46

Ft. Smith

8.55

7.40 7.11
6.60 6.30
5.02 4.66
6.95 6.78
7.27 7.08

Grand Prairie
Arlington
Ft. Worth

Birmingport (Includes Loading)
Pittsburgh, Wheeling, Alquippa,

Wierton, Benwood
Portsmouth, Ashland
St. Louis, Alton, Granite City
Chicago, Gary, Ind. Harbor
Kansas City
Houston
Corpus Christi
Beaumont
Galveston

7.70

11.50
10.96

8.38
9.47

10.64
2.33
4.50
2.79
x.12

7.98

11.79
11.29
8.68
9.78

10.98
2.61
4,79

2.40

1.90

153
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TABLE 5 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

BARGE RATES

Sheet 4 of 7

Destination
Rate Per
Net Ton

Rate Per
NeP T.m-O- 4 %0& i~ L401C.

MOLASSES AND SYRUP NEWSPRINT (Continued)

Houston
Houston
Houston
Corpus Christi
Corpus Christi
Houston

Dallas
Fort Worth
Trinidad
Fort Worth
Dallas
Oakwood

2.07
2.18
1.91
3.05
3.03
1.83

NEWSPRINT*-

*Note: Rates shown do not include a
handling charge. Use $1.72 for hand-
ling charge.

Calhoun
Calhoun
Calhoun
Calhoun
Calhoun
Calhoun
Calhoun
Calhoun
Birmingport
Birmingport
Birmingport
Birmingport
Birmingport
Mobile
Mobile
Mobile
Mobile
Mobile
Pine Bluff
Pine Bluff
Pine Bluff
Pine Bluff
Pine Bluff
Pine Bluff
Houston

Houston
Dallas
Ft. Worth
Catoosa
Muskogee
Ft. Smith
Daingerfield
Jefferson
Dallas
Houston
Jefferson
Daingerfield
Ft. Worth
Rosser
Dallas
Ft. Worth
Houston
Jefferson
Ft. Smith
Daingerfield
Dallas
Catoosa
Muskogee
Houston
Dallas

7.70
8.75
9.03
7.62
7.41
7.05
7.72
7.62
5.87
6.18
5.09
5.24
6.16
4.64
5.23
5.48
3.36
3.56
1.18
4.22
6.20
1.91
1.64
4.14
2.02

Riverside
Riverside
Riverside
Riverside
Urbanna
Riverside
Urbanna
Riverside

Vicksburg
Vicksburg
Vicksburg
Vicksburg
Trinidad
Henderson
Henderson
Henderson
Henderson
Henderson
Henderson
Henderson

Dallas
Ft. Worth
Houston
Corpus Christi
Houston
Houston
Corpus Christi
Corpus Christi

NITROGEN SOLUTION

Ft. Worth
Dallas
Houston
Jefferson
Houston
Ft. Worth
Dallas
Daingerfield
Jefferson
Catoosa
Muskogee
Ft. Smith

1.29
1.57
1.40
2.44
1.40
1.40
2.44
2.44

4.65
4.24
2.43
2.26
1.98
5.06
4.78
3.35
3.27
3.25
3.08
2.80

PAPER PRODUCTS-Paper bags, wrapping
paper, waste paper, paperboard, box-
board, pulpboard, fiberboard, corru-
gated paper, and converted paper products.

Demopolis
Demopolis
Demopolis
Pine Bluff
Pine Bluff
Pensacola
Pensacola
Fernandina or
St. Marks
Fernandina or
St. Marks

Jefferson
Oakwood
Daingerfield
Oakwood
Catoosa
Dallas
Ft. Worth

Dallas

Ft. Worth

7.67
7.63
7.90
8.37
2.66
7.44
7.80

10.18

10.60
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TABLE 5 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

BARGE RATES

Sheet 5 of 7
Commodity

Destination

Commodity

Rate Per
Net Ton Origin

PAPER PRODUCTS-Paper bags, wrapping
paper, waste paper,_paperboard, box-
board, pulpboard, fiberboard, corru-
gated paper, and converted paper
products. (Continued)

Rate Per
No i Tnr

Ft. Worth
Dallas

PERLITE

Houston
Houston

2.76
2.48

Knoxville
Knoxville
Knoxville
Bogalusa.
Bogalusa
Birmingport*
Birmingport*
Birmingport*
Rosser
West Monroe
We st Monroe
West Monroe
Houston
Houston
Houston
Kansas City
Kansas City
Kansas City
Alton
Alton
Alton
Alton
Alton
Quincy
Quincy
Quincy
Quincy
Counce
Counce

Beaumont
Houston
Houston

Dallas
Ft. Worth
Jefferson
Dallas
Daingerfield
Dallas
Jefferson
Daingerfield
Birmingport
Ft. Worth
Dallas
Daingerfield
Dallas
Ft. Worth
Dallas
Dallas
Daingerfield
Catoosa
Dallas
Daingerfield
Ft. Smith
Muskogee
Catoosa
Dallas
Arlington
Daingerfield
Catoosa
Dallas
Arlingtor

PAPER ROLLS

Dallas
Ft. Worth
Dallas

14.07
14 .32
12.o8
8.76
6.83
9.51
8.36
8.58
9.29

10.05
9.68
6.56
3.22
3.58
2.02

11.82
9.32
7.47
9.72
6.90
5.64
6.15
6.44

10.97
11.09
6.90
6.30

10.23
10.35

2.79
3.58
3.22

PHOSPHATES

(Super, Triple Super, and Diammonia)

Inglis or Tampa
Houston
Houston
Tampa

Dallas
Ft. Worth
Dallas
Jefferson

PHOSPHATE ROCK*

Tampa
Tampa
Tampa
Tampa
Tampa
Tampa
Tampa
Lake Charles
Lake Charles

Tampa

Houston
Houston

Trinidad
Oakwood
Riverside
Dallas
Ft. Worth
Jefferson
Shreveport
Ft. Worth
Dallas

PHOSPHORIC ACID

Trinidad

PLASTIC RESIN

Ft. Worth
Dallas

4.45
1.45
1.29
3.93

3.62
3.44
3.12
3.86
4.07
3.34
3.06
1.87
1.66

8.33

3.50
3.12

*Does not include transfer from ocean-
going barge at Galveston to river barge.
When product is railed to Tampa, the
transfer rate from rail to barge is
included in rail rate.

*For traffic originating at Rome,
use Birmingport as first port.
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TABLE 5 (Cont' d)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

BARGE RATES

Sheet 6 of 7

Destination
Rate Per
Net Ton Origin Destination

POLYETHYLENE

Texas City
Texas City

Ft. Worth
Dallas

2.35 Houston
2.24 Houston

RICE HULLS AND BRAN

Ft. Worth
Dallas

POULTRY AND STOCK FEEDS SAND & GRAVEL

Trinidad
Trinidad
Trinidad

Houston
Port Arthur
Beaumont

PRINTING PAPER AND ROLLED PAPER

Pine Bluff
Jacksonville or
St. Marks
Jacksonville or
St. Marks
Myrtle Beach
Myrtle Be ach
Savannah or
St. Marks
Houston
Houston
Quincy
Riverside

Pt

Riverside

Houston

Houston

Oakwood

Dallas

Jefferson
Dallas
Jefferson

Oakwood
Dallas
Ft. Worth
Arlington
Houston

ULPWOOD

Pasadena

RICE

Trinidad

RICE FEED

Dallas

1.37 Trinidad
1.80 Trinidad
1.74 Oakwood

Oakwood
STOCK Midway

Midway
8.37 Urbana

Urbana
10.12

9.02
11.74
10.84

11.20
3.22
3.58

11.09
1.96

Houston
Grand Prairie
Houston
Grand Prairie
Houston
Grand Prairie
Houston
Grand Prairie

SCRAP IRON AND STEEL

Dallas
Dallas
Ft. Worth
Houston
Houston
Ft. Worth
Dallas

Houston
Corpus Christi
Corpus Christi
Dallas
Ft. Worth
Chicago
Chicago

SODA ASH OR SODA PHOSPHATE

Dallas
1.96 Daingerfield

Jefferson
Muskogee
Catoosa

1.39 Corpus Christi
Corpus Christi
Corpus Christi

Chicago
Chicago
Chicago
Chicago
Chicago
Dallas
Trinidad
Rosser

1.68

156

Origin
Rate Per
Net Ton

4.49
4.05

.95

.55

.85

.64

.74

.79

.55

.94

2.46
3.58
3.99
2.46
2.75
6.44
6.14

7.07
6.05
5.97
6.10
6.16
2.58
1.92
2.01

v a r. . oa -- - - - - --- -



TABLE 5 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

BARGE RATES

Sheet 7 of 7
Commodity

Destination
Rate Per
Net Ton Origin

Commodity

Destination

SODA ASH OR SODA PHOSPHATE
Continued)

Freeport
Lake Charles
Lake Charles
Paine sville or
Pittsburgh
Painesville or
Pittsburgh
Painesville or
Pittsburgh
Painesville or
Pittsburgh
Painesville or
Pittsburgh
Painesville or
Pittsburgh
Baton Rouge

Oakwood
Dallas
Oakwood

Dallas

Catoosa

Muskogee

Ft. Smith

Daingerfield

Jefferson
Dallas

1.40
1.92
1.59

SULPHURIC ACID

Dallas
Ft. Worth

TOLUENE OR XYLENE

6.72 Houston

5.17

5.02 Trinidad
Trinidad

x4.76

5.36
Houston

5.29 Houston

3.54

SILICATE OF SODA (LIQUID)

Dallas Ft. Worth

SOLVENTS

Freeport

Beardstown
Beardstown
Beardstown
Beardstown
Beardstown
Beardstown
Beardstown

Dallas

SOYBEAN MEAL
Dallas
Oakwood
Catoosa
Muskogee
Ft. Smith
Daingerfield
Jefferson

Origin
Rate Per
Net Ton

Houston
Houston

1.87
2.14

1.74

1.27
1.06

2.89
2.60

Dallas

UREA

Houston
Galveston

iC, SLABS

Ft. Worth
Dallas

0.56

1.85

6.73
5.18
3.81
3.63
3.34
4 .10
)4. o4

157

_-! -_ ,



TABLE 6

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

TRANSFER/SWITCHING & HANDLING CHARGES

Sheet 1 of 4

CHARGES
COMMODITY Handling Transfer/Switching

(Rate/Ton)

Aluminum-Bars 1.32 0.78
Aluminum Ingot Billets 1.32 0.78
Aluminum Wire & Cable 1.38 1.40
Ammonium Nitrate (in bulk) 0.82 0.70
Ammonium Nitrate (in drums) 1.48 0.170
Ammonium Phosphate (in bulk) 0.82 0.10
Anmnonium Phosphate (in drums) 1.48 0.70
Ammonium Sulfate (in bulk) 0.82 0.70
Ammonium Sulfate (in drums) 1.48 0.70
Anhydrous Phosphate (in bulk) 0.79 0.7.0
Anhydrous Phosphate (in drums 1.48 0.70
Blackstrap Molasses Inedible (in bulk) 0.75 1.52
Blackstrap Molasses Inedible (in drums) 1.42 1.52
Brick (on pallets) 1.52 0.58
Caustic Soda & Acid (liquid) (in bulk) 0.82 0.70
Caustic Soda & Acid (liquid) (in drums) 1.48 0.70
Cement (in bulk) 0.78 1.17
Cement (in bags) 1.46 1.17
Coil Plate Steel 1.25 0,58
Coiled Flat Steel Sheets 1.20 0.58
Coke (in bulk) 0.90 0.88
Converted Paper Products 1.70 0.78
Copper Wire & Cable 1.38 1.40
Corn (in bulk) 0.85 1.75
Corn Glueten Mean (in bulk) 0.85 1.75
Corrugated Fiberboard 1.85 0.78
Corrugated Rolled Stock Paper 1.85 0,78
Cottonseed Cake 1.45 .8<
Cottonseed Meal 1.45 0.88
Cottonseed Oil (in bulk) 0.90 1.17
Crude Rubber (bales) 1.52 0.88
Deflourinated Phosphate (in bulk) 0.85 0110
Diammonia Phosphate (in bulk) 0.85 0.7
Drill Pipe 1.25 0.88
Drum Plate 1.20 0.58
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TABLE 6 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

TRANSFER/SWITCHING & HANDLING CHARGES

Sheet 2 of 4

CHARGES

COMMODITY' Handling - Trans fer /Swi tching

(Rate/Ton)

Elemental Phosphorus (in bulk) 0.89 0.70
Fabricated Shapes 1.45 0.58
Fatty Acid (in bulk) 0.89 1.65
Fertilizer (Urea) (in bulk) 0.90 0.70
Fertilizer (Urea) (in bags) 1.50 0.70
Fish Meal (in bulk) 0.85 0.70
Fish Meal (in bags) 1.50 0.70
Flat Steel 1.20 0.58
Flour Shorts (in bags) 1.50 1.75
Formalin (in bags) 1.65 0.88
Irrigation Pipe 1.25 0.88
Isopropyl Alcohol (in bulk) 0.90 1.75
Isopropyl Alcohol (in drums) 1.48 1.75
Lead Ingots 1.30 0.70
Lightweight Aggregate (in bulk) 1.05 0.88
Lime (dry bulk) 0.78 0.70
Liquid Petroleum Gas 1.05 1.17
Malamin Crystals (in bags) 1.45 0.67
Newsprint 1.72 0.44
Nitrogen Solution (in bulk) 0.90 0.70
Nitrogen Solution (in drums) 1.40 0.70
Oilfield Pipe 1.25 0.88
Paper Bags and Wrapping Paper 1.80 0.78
Paperboard 1.72 0.78
Paperboard Rolls 1.72 0.78
Paper Rolls 1.72 0.78
Pennsylvania Glass Sand 0.80 0.70
Perlite 0.85 1.08
Phosphate (in bulk) 0.85 0.70
Phosphate Rock (in bulk) 0.80 0.70
Phosphoric Acid (in bulk) 0.82 0.70
Phosphoric Acid (in drums) 1.48 0.70
Polyethylene Pellets (in bags) 1.65 1.03
Polyvinyl Chloride Resin Compound 1.65 1.03

(in bags)
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TABLE 6 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

TRANSFER/SWITCHING & HANDLING CHARGES

Sheet 3 of 4
CHARGES

COMMODITY Handling Transfer/Switching
(Rate/Ton)

Poultry & Stock Feeds (in bulk) 0.85 1.75

Poultry & Stock Feeds (in bags). 1.50 1.75
Printing Paper 1.72 0.70

Pulpboard 1.72 0.78
Pulpwood 1.60 0.78

Rice (in bulk) 0.80 1.75
Rice (in bags) -- 1.75

Rice Feed (in bulk) 0.80 1.40
Rice Feed (in bags) 1.45 1.40

Rice Hulls & Bran (in bulk) 0.90 1.40

Rice Hulls & Bran (in bags) 1.45 1.40
Rough Green Hardwood 2.10 1.75

Scrap Steel 1.38 0.70

Silica Sand 0.80 0.70

Silicate of Soda (in bulk) 0.79 0.70

Silicate of Soda (in drums) 1.48 1.00
Sheet Corrugated Fiberboard 1.85 0.78

Sheet Steel 1.20 0.58

Soda Ash (in bulk) 0.82 0.37
Soda Ash (in drums or bags) 1.4 0.37
Soda Phosphate (in bulk) 0.82 0.88

Soda Phosphate (in drums) 1.48 0.88
Solvents (Chlor. Hydrocarbons)(in bulk) 0.90 1.17

Soybean Meal (in bulk) 0.85 1.75
Steel Bars 1.20 0.58
Steel Coils 1.25 0.58
Steel Forgings 1.20 0.58

Steel Pipe 1.25 0.88

Steel Pipe & Wire 1.25 0.58

Steel Plate 1.20 0.58

Steel Shapes 1.45 0.58
Steel Tubing 1.25 0.88

Strip Steel 1.20 0.58

Structural Steel 1.20 0.58

Stone Aggregate (in bulk) 0.90 --
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TABLE 6 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

TRANSFER/SWITCHING & HANDLING CHARGES

Sheet 4 of 4

COMMDITYCHARGES
COMMODITY Handling Transfer/Switching

(Rate/Ton)

Sulfuric Acid (in bulk) 0.85 0.39
Timber (rough) 2.10 1.75
Tin Plate 1.20 0.70
Toluene & Xylene (in bulk) 0.85 0.88
Tricalcium Phosphate Rock (in bulk) 0.80 0.70
Triple Super Phosphate (in bulk) 0.85 0.70
Vessels (Steel Tanks) 1.80 1.75
Waste Paper 1.72 0.88
Wire 1.25 1.40
Wood Chips (loose) 0.90 0.74
Zinc Slab (in bulk) 0.90 0.70
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32. T affie volumes. Estiu te of port-to-port prospective
traffic volumes were developed from base year traffic accepted
for waterway movement. The 1966 base year t affic was projected
to the initial project year of 1985 and thereafter for selected
years over the 5e-year project life to provide the data for
developing estimates of traffic volumes at each lock structure
throughout the project life period. These studies were made to
analyze on a time phase basis, the projected traffic requirements,
related to the physical capacities of individual locks, and to
determine the future point in time that construction of additional
lock capacities would be required to provide for future traffic
loads if the capacities of the initially installed locks were
exceeded. The estimates of port-tw-port traffic from which lock
capacity studies were developed ae given in table 7. The basis
and methods of projection are discuss" in the following
paragraphs 33 through 41.

33. Economic .ndicators.- To obtain an estimate of the
future benefits that would be realized from the authorized Trinity
River navigation project, analyses of historic economic conditions
and estimates of future economic activity in the navigation trade
area were made. Since this study involves navigation features
only, the analysis of economic activities was confined to those
associated with current and future savings in transportation costs
which shippers and receivers could realize from moving different
commodities on the proposed waterway.

34, Future growth of commodity movements can be associated,
to some extent, with the expected .overall economic growth of the
trade area. However, a more reliable estimate of the future
volume movement of a specific commodity can be obtained by relating
the commodity to the projected future activity of a recognized
economic indicator for that sector of the area's economy most
nearly associated with major use or demand for that commodity.

35. Since a fairly large number of commodities were
determined to be prospective waterborne commerce, the commodities
were grouped according to the economic sector most nearly
related to the use or demand for the commodity. The volume of
future movement of each commodity was then estimated by assuming
a direct relationship to the predicted future activity of the
appropriate economic indicator.

36. The economic indicators selected for the purpose of
estimating future movements of commerce on the authorized Trinity
River navigation channel include the standard statistical indicators
for Population, Value of New Construction Contracts, Value Added by
Manufacture, Value of Farm Products Sold, and special indicators
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TABLE 7

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

ESTIMATED PORT-TO-PORT WATERWAY TRAFFIC
(1966 Base Year Traffic - Tons of 2000 lbs)

Sheet 1 of 7

Houston
Ship River- Trini- Grand Arling- Fort Econ.

R.A. (1) Channel Urbana side Midway Oakwood dad Rosser Dallas Prairie ton Worth Factor
Sheet Mile Mile Mile Mile Mile Mile Mile Mile Mile Mile Mile of
No. 0.00 1.86 136.15 171.63 220.5 264.52 298.00 6.70 42.94 354.00 64.00 Growth

(Tons) Tons (Tons) (Tons) Tons Tons (ons) Tons Tone Tons Tons
DOWNBOUND TRAFFIC

2326 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 P
1997 5,250 5,250 5,250 5,250 5,250 5,250 5,250- ------ - ----- - ----- - ------ P
2473 1,700 1,700 1,700- ------ ------ ------------- --------------- ------ ---- -------- P
2473 3,130 3,130 3,130- ------ ------ ---- ------------ ------ ------ ------ ---- -------- P
2129 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 M
1368 5,880 5,880 5,880 5,880 5,880 5,880 5,880 5,880 - ----- ----------- ------- M
3138 104,403 104,403 104,403 104,403 104,403 104,403 - ----- - ----- --------- ------ -------- F
3138 15,000 15,000 15,000 15,000 15,000 15,000 - ----- - ----- --------- ------ -------- F
3138 15,000 15,000 15,000 15,000 15,000 15,000 - ----- - ----- -------- ------ -------- F
1530 55,000 55,000 55,000 55,000 55,000 55,000- ------ -------------------- ----- ------- F
977 99,000 99,000 99,000 99,000 99,000 99,000 99,000 99,000 - ----- - ----- -------- -M

2178 800 800 800 800 8oo 800 800 800 800 800 800 I
39 1,712 1,712 1,712 1,712 1,712 1,712 1,712 1,712- ------ ----- - ------ M

1084 54,000 54,000 54,000 54,000 54,000 54,000 54,000 54,000 - ----- - ----- ------ I
1235 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000 - ----- - ----- - -------- I
1235 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000 ------ ------ ------ I
1271 12,000 12,000 12,000 12,000 12,000 12,000 12,000 12,000 - ----- - --------- ------- I
1387 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000- ------ - ------ ------ I
1429 28,800 28,800 28,800 28,800 28,800 28,800 28,800 28,800 - ----- - ----- - ----- I
1429 7,200 7,200 7,200 7,200 7,200 7,200 7,200 7,200- ------- ------- ------- I
2158 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000 I
2158 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 I

Subtotals by Economic Fctors of Growth
Pop. 11,080 11,080 11,080 6,250 6,250 6,250 6,250 1,000 1,000 1,000 1,000
Value
Addedby
Mfg. 156,592 156,592 156,592 156,592 156,592 156,592 156,592 156,592 50,000 50,000 50,000
Ship-
ments of
Iron &
Steel 123,800 123,800 123,800 123,800 123,800 123,800 123,800 123,800 9,800 9,800 9,800'
Value
of Fam
Prods.
Sold 189,403 189,403 189,403 189,403 189,403 189,403 ------ ------ ----- ------ ------
Value
of New
Const.
Cont-
racts 2,100,000 2,100,000------- - ----- - ------ ----- - ----- - ----- (2)
Ex-
port
Wheat 1,105,000 1,105,000 1,105,000 1,105,000 1,105,000 1,105,000 1,105,000 1,105,000 1,055,000 1,055,000 1,055,000 (2)
Ex-

port
Grain
Sor-
ghum 198,000 198,000 198,000 - 198,000 198,000 198,000 198,000 198,000 195,000 195,000 195.000 (2)

(1) Rate Analysis sheets.
(2) These tonnages have been added from special studies and are not included

in the above table.
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TABLE 7 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

ESTIMATED PORT-TO-PORT WATERWAY TRAFFIC
(1966 Base Year Traffic - Tons of 2000 lbs)

Sheet 2 of 7

Houston
Ship River- Trini- Grand Arling- Fort Econ.

R.A. (1) Channel Urbana side Midway Oakwood dad Rosser Dallas Prairie ton Worth Factor
Sheet Mile Mile Mile Mile Mile Mile Mile Mile Mile Mile Mile ofNo. 0.00 91.86 136.15 171.6 220.55 264.52 298.00 326.70 342.94 3 .o 364.00 Growth(TonsT (s To) (s) (To ) (Tons) (Tons) (Tons) (Tons) (Tons) one s

UPBOUND TRAFFIC
2291 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500 F
2400 7,200 7,200 7,200 7,200 7,200 7,200 7,200 7,200- ------ ------ ------ F
2400 1,800 1,800 1,800 1,800 1,800 1,800 1,800 1,800- ------ ------ ------ F
2400 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500- ------ ------ ------ F
1445 24,000 24,000 24,000 24,000 24,000 24,000 24,000 24,000- ------ ------ -----.- M
223.9 30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000 F
2314 4,500 4,500 4,500 4,500 4,500 4,500 4,500 4,500 4,500 4,500 4,500 F
3138 100,000 100,000 100,000 100,000 100,000 100,000- ---------------------------- ------ ------- F
3235 20,000 20,000 20,000 20,000 20,000- ------ ------ ------.. ------ -----.- --.---- -F
3291 5,000 5,000 5,000- ------ ------ ------------ ------- ----- ------ ------ ------- F
2314 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 -------- ------ ------- F
2314 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 F
2904 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000- ------ ------ ------ F
2400 12,000 12,000 12,000 12,000 12,000 12,000 12,000 12,000- ------ ------- ------ F

850 8,000 8,000 8,000 8,00o 8,000 8,000 8,000 8,000 8,000 8,000 8,000 F
850 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000- ------ ------- ------ F

2314 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 F
2314 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 F
3235 2,100 2,100 2,100 2,100 2,100- ------ ------- ----- - ----- - ----- - ----- F
1231 7,590 7,590 7,590 7,590 7,590 7,590 7,590 7,590- ------ ------ ------- P
1231 3,680 3,680 3,680 3,680 3,680 3,680 3,680 3,680- ------ --------..- ------- p
1231 10,350 10,350 10,350 10,350 10,350 10,350 10,350 10,350- -------------------- ------- P
1238 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 ------- -------.-------- p
1238 17,000 17,000 17,000 17,000 17,000 17,000 17,000 17,000 . .------. .------ .------. p
1821- ------ ------ ----- - ------ 4,348 4,348 4,348 4,348 p
2070 1,800 1,800 1,800 1,800 1,800 1,800 1,800 1,800 1,800 1,800 1,800 P
2127- ------ ----- 31,200 31,200 31,200 31,200 31,200 31,200 31,200 31,200 31,200 P
2165 2,400 2,400 2,400 2,400 2,400 2,400 2,400 2,400 2,400 2,400 2,400 P
2165 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 P
0036 6,ooo 6,ooo 6,ooo 6,000 6,000 6,040o6,00o 6,000o ----.--- ..-------- p
0036 6,000 6,000 6,000 6,000 6,000 6,000 6,ooo 6,000 -.-..- ---.- - - -- M
1890 8,400 8,400 8,400 8,400 8,400 8,400 8,400-- ----------- --------- .-- ...-- ...--.- p
250 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000- ------------------ ----- M
767 11,000 11,000 11,000 11,000 11,000 11,000 11,000 11,000- ------ ------ ------ M

1603 2,080 2,080 2,080 2,080 2,080 2,080 2,080 2,080 ------ --- ------ M
3390 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000 -----.-- ----- ------ M
3413 3,500 3,500 3,500 3,500 3,500 3,500 3,500 3,500 3,500 3,500 3,500 M
3413 6,000 6,400 6,000 6,00 6,000 6,004 6,000 6,000- ------ -------- ------- M
250 20,500 20,500 20,500 20,500 20,500 20,500 20,500 20,500 ----- ------ ----- M

1368 6,000 6,000 6,000 6,000 6,000 6,000 6,040 6,000- ------ - -----.-- ----- M
1368 6,000 6, ,00 6, 6,000 6,ooo 6,000 6,000 6,000- --------- ------------------ M
1368 6,ooo 6,000 6,00o 6,000 6,000 6,040 6,000 6,ooo - ----- M
1530 60,000 60,000 60,000 60,ooo 60,ooo 60,o0oo- ------------- ------- --------- --- F
1583 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000- ------ ---------- ----- M1667 8,000 8,000 8,000 8,000 8,000 8,400 8,000 8,000- -------- -----. .------ M
3124 8,000 8,000 8,000 8,000 8,000 8,000-- ---- --------- ------- ----- ---- -M
3260 12,000 12,000 12,000 12,000 12,000 - ----- ------ ---------------- ----- ------- M

(1) Rate Analysis sheets.
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TABLE 7 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

ESTIMATED PORT-TO-PORT WATERWAY TRAFFIC
(1966 Base Year Traffic - Tons of 2000 lbs)

Houston
Ship

R.A. (1) Channel Urbana
Sheet Mile Mile

No. 0.00 91.86
(Tons) Tons)

3396 4,200 4,200
3396 8,500 8,500
3401 5,000 5,000
2250 7,500 7,500
2598 5,000 5,000

125 10,500 10,500

125 4,500 4, 500
2314 7,500 7,500
1106 15, 000 15, 000
1106 5, 000 5, 000
1583 3,000 3,000
1667 21,000 21,000
3413 3,500 3,500
3413 3,500 3,500
03 3,700 3,700
92 33,000 33,000

133 2,000 2,000
316 12,000 12,000
803 7,920 7,920
923 5, 727 5, 727
923 10,637 10,637
945 1,125 1,125
945 2,625 2,625
945 1,125 1,125
945 2,625 2,625

1117 4,093 4,093
1117 1,216 1,216
1117 307 307
1122 4,000 4,000
1122 1,000 1,000
1153 2,800 2,800
1250 7,290 7,290
1250 810 810
1287 1,200 1,200
1287 1,200 1,200
1287 3,600 3,600
1314 3,000 3,000
1344 3,600 3,600
1348 5,500 5,500
1366 .2,220 2,220
1366 2,780 2,780
1366 2,780 2,780
1431 1,000 1,000
1431 1,200 1,200
1431 750 750
1431 750 .750
1431 12,000 12,000
1431 500 500

(1) Rate Analysis sheets.

Sheet 3 of 7

River-
side
Mile
136.15
(Tons

4,200
8,500
5,000
7,500
5,000
10,500
4,500
7, 500
15,000
5,000
3,000

21,000
3,500
3, 500
3,700

33,000
2,000
12,000
7,920
5, 727
10,637
1,125
2,625
1,.12 5
2,625
4,093
1,216
307

4,000
1,000
2,800
7,290
81o

1,200
1,200
3,600
3,000
3,600
5,500
2,220
2,780
2,780
1,000
1,200
750
750

12,000
500

Midway
Mile
171.63
( Tons

4,200
8,50oo
5,000
7,500
5,000

10,500
4,500
7, 500
15,000
5,000
3,000
21,000
3,500
3, 500
3,700

33,000
2,000
12,000
7,920
5,727
10,637
1,125
2,625
1,125
2,625
4,093
1,216
307

4,000
1,000
2,800
7, 290

810
1,200
1,200
3,600
3,000
3,600
5,500
2,220
2,780
2,780
1,000
1,200

750
750

12,000
500

Trini -
Oakwood dad Rosser
Mile Mile Mile

220.55. 264.52 298.00
(Tons) Tons) Tons)
UPBOUND TRAFFIC (Cont'd).
4,200 4200 -4,200
8, 500 8,500 8,500
5,000 5,000 5,000
7,500 7,500 7,500
5,000 5,000 5,000
10,500 10,500 10,500
4,500 4,500 4,500
7,500 7,500 7,500
15,000 15,000 15,000
5,000 5,000 5,000
3,000 3,000 3,000
21,000 21,000 21,000
3,500 3,500 3,500
3,500 3,500 3,500
3,700 3,700 3,700

33,000 33,000 33,000
2,000 2,000 2,000
12,000 12,000 12,000
7,920 7,920 7,920
5,.727 5, 727 5, 727
10,637 10,637 10,637
1,125 1,125 1,125
2,625 2,625 2,625
1,125 1,125 1,125
2,625 2,625 2,625
4,093 4,093 4,093
1,216 1,216 1,216
307 307 307

4,000 4,000 4,000
1,000 1,000 1,000
2,800 2,800 2,800
7,290 7,290 7,290
810 810 810

1,200 1,200 1,200
1,200 1,200 1,200
3,600 3,600 3,600
3,000 3,000 3,000
3,600 3,600 3,600
5,500 5,500 5,500
2,220 2,220 2,220
2,780 2,780 2,780
2,780 2,780 2,780
1,000 1,000 1,000
1,200 1,200 1,200

750 750 750
750 750 750

12,000 12,000 12,000
500 500 500

Dallas

Mile
326.70
(Tons)

4,200

8,500
5, 000
7,500
5, 000

10,500
4,500
7,500

15,000
5, 000
3,000

21,000
3,500
3, 500
3,700

33,000

2,000
12,000
7, 20
5,727

10, 637
1,.125
2,625
1,125
2,625
4,093
1,216

307
4,000
1,000
2,800
7,290

810
1,200
1,200
3,600

3,000
3,600
5,500
2,220
2,780
2,780
1,000
1,200
750
750

12,000
500

Grand Arling- Fort Econ.
Prairie ton Worth Factor
Mile Mile Mile of
342.94 354.00 364.00 Growth
(Tons) Tons) Tons)

----- --- -- - ---- M
8,500 8,500 8,500 M

----- --- -- ----- M
7,500 7,500 7,500 M
5,000 5,000 5j,000. M

7,500 7,500 7,500 F
----- --- -- ----- F
----- --- -- ----- F
---- ---- --- --- M

---- --- -- ----- M

12,000 12,000 12,000 I
---- --- --- ----

5,727 5,727 5,727 I

1,125 1,125 1,125 I
2,625 2,625 2,625 I

---- --- --- ----
---- --- --- ----
---- --- --- ----
----- --- -- ----- I
---- --- --- --- I

- - - - ----------

3,600 -----
-m ---

- - - - - -- ----
- - - - ----------

- - - - ----------
- - - - ----------

3,600 - - - -- -
- - - - ---------I
- - - - ---------I
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TABLE 7 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, ' TEXAS
NAIVGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

ESTIMATED PORT-TO-PORT WATERWAY TRAFFIC
(1966 Base Year Traffic - Tons of 2000 lbs)

Sheet 4 of 7

Houston
Ship

R.A. (1) Channel Urbana
Sheet Mile Mile
No. 0.00 91.86

(Tons) (Tons)

1479 10,000 10,000
1483 2,400 2,400
1501 20,000 20,000
1501 20,000 20,000
1628 480 480
1637 2,500 2,500
1658 550 550
1658 550 550
1658 550 550
1689 15,000 15,000
1796 3,840 3,840
1804 600 600
1848 10,000 10,000
1908 5,760 5,760
2080 180,000 180,000
2082 23,800 23,800
2082 2,000 2,000
2082 2,000 2,000
2121 500 500
2134 1,300 1,300
2178 5,000 5,000
2178 5,000 5,000
2178 5,000 5,000
2178 5,000 5,000
2180 1,200 1,200
2180 900 900
2180 800 800
2246 1,000 1,000
2254 600 600
2254 600 600
2254 600 600

2254 600 600
2289 1,480 1,480
2289 720 720
2289 960 960
2315 3,000 3,000
2315 3,000 3,000
2366 1,250 1,250
2441 3,200 3,200
2448 600 60o
2522 1,300 1,300
803 5,280 5,280
923 5,318 5,318
923 2,863 2,863
945 2,625 2,625
945 1,125 1,125

(1) Rate Analysis sheets.

River- Trini- Grand Arling- Fort Econ.
side Midway Oakwood dad Rosser Dallas Prairie ton Worth Factor
Mile Mile Mile Mile Mile Mile Mile Mile Mile of
136.15 171.63 220.55 264.52 298.00 326.70 342.94 354.00 364.00 Growth
(Tons) (Tons) (Tons) (Tons) (Tons) (Tons) (Tons) (Tons) (Tons)

UPBOUND TRAFFIC (Cont'd)
10,000 10,000 10,000 10,000 10,000 10,000-------- ------ ------- I
2,400 2,400 2,400 2,400 2,400 2,400-------- ------ ------- I

20,000 20,000 20,000 20,000 20,000 20,000-------- ------ ------- I
20,000 20,000 20,000 20,000 20,000 20,000-------- ------ ------- I

480 480 480 480 480 480- ------ ---------- ------- I
2,500 2,500 2,500 2,500 2,500 2,500------- - ----- - ------ I.

550 550 550 550 550 550------- - ----- - ------ I
550 550 550 550 550 550 ------ ------ ------ I
550 550 550 550 550 550- ------ - ----- - ------ I

15,000 15,000 15,000 15,000 15,000 15,000- ------ - ----- - ------ I
3,840 3,840 3,840 3,840 3,840 3,840-------- ------ ------- I

600 600 600 600 600 600-------- ------ ------- I
10,000 10,000 10,000 10,000 10,000 10,000-------- ------ ------- I

5,760 5,760 5,760 5,760 5,760 5,760- ------ ---------- ------- I
180,000 180,000 180,000 180,000 180,000 180,000 180,000 180,000 180,000 I
23,800 23,800 23,800 23,800 23,800 23,800 23,800 23,800 23,800 I

2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 I
2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 I

500 500 500 500 500 500 500 500 500 I
1,300 1,300 1,300 1,300 1,300 1,300 1,300 1,300 1,300 I
5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 I
5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 I
5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 I

5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 I
1,200 1,200 1,200 1,200 1,200 1,200 1,200- ------ ------ I

900 900 900 900 900 900 900-------- ------ -I
800 800 800 800 800 800 800-------- ------ I

1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 I
600 600 600 600 600 600 600 600 600 I
600 600 600 600 600 600 600 600 I
600 600 600 600 600 600 600 600 600 I
600 600 600 600 600 600 600 600 600 I

1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 I
720 720 720 720 720 720 720 720 720 I
960 960 960 960 960 960 960 960 960 I

3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 I
3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 I
1,250 1,250 1,250 1,250 1,250 1,250 1,250 1,250 1,250 I
3,200 3,200 3,200 3,200 3,200 3,200 3,200 3,200 3,200 I

600 6060 000o 600 600 600 600 600 ------ I
1,300 1,300 1,300 1,300 1,300 1,300-------- ------ ------- I
5,280 5,280 5,280 5,280 5,280 5,280 ------ ------ ------ I
5,318 5,318 5,318 5,318 5,318 5,318- ------ ------ ------- I
2,863 2,863 2,863 2,863 2,863 2,863 2,863 2,863 2,863 I
2,(25 2,625 2,625 2,625 2,625 2,625-------- ------ ------- I
1,125 1,125 1,125 1,125 1,125 1,125-------- ------ ------- I
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TABLE 7 (Cont'd)

TRINITY RIVER AND TIRUBTARIES, TEXAS
NAVIGAT ION PROJECT

REEVALUATION OF NAVIGATION FEATURES

ESTIMATED PORT-TO-PORT WATERWAY TRAFFIC

(1966 Base Year Traffic - Tons of 2000 lbs)

Sheet 5 of 7

Houston
Ship

R.A. (1) Channel Urbana
Sheet Mile Mile

No. 0.00 1.86
(Togas } Tons

945 2,25 2,625
945 1,125 1,125

1306 2,000 2,000
1306 2,000 2,000
1314 500 500
1331 1,725 1,725
1331 2,095 2,095
1331 2,095 2,095
1331 2,095 2,095
1331 2,095 2,095
1431 750 750
1469 7,800 7,800
1484 1,200 1,200
1552 3,750 3,750
1552 1,250 1,250
1614 5,400 5,400
1628 480 480
1658 1,312 1,312
1714 2,520 2,520
1776 1,000 1,000
1776 600 600
1787 12,000 12,000
1787 3,600 3,600
1845 1,084 1,084
1847 3,000 3,000
1848 15,000 15,000
1936 1,800 1,800
208 2,000 2,000
208 2,000 2,000
2082 10,200 10,200
2169 2,610 2,610
2172 6,000 6,000
2180 600 600
2180 500 500
2180 1,550 1,550
2180 600 600
2180 1,300 1,300
2183 3,750 3,750
2184 1,800 1,800
2244 3,900 3,900
2254 900 900
2254 900 900
2254 900 900
2254 900 900
2271 1,750 1,750
2289 2,220 2,220
2289 1,440 1,440
2289 1,080 1,080

(1) Rate Analysis sheets.

River-
side
Mile

2,625
1,125
2,000
2,000

500

1,725
2,095
2,095
2,095
2,095

750
7,800
1,200
3,750
1,250
5,400

480
1,312
2,520
1,000
600

12,000
3,600
1,084
3,000

15,000
1,800
2,000
2,000
10,200
2,610
6,000

600
500

1,550
600

1,300
3,750
1,800
3,900

900
900

900
900

1,750
2,220
1,440
1,080

Midway
Mile
171.6
Tons

2,625
1,125
2,000
2,000

500
1,725
2,095
2,095
2,095
2,095

750
7,800
1,200
3,750
1,250
5,400

480
1,312
2,520
1,000

600
12,000

3,600-
1,084
3,000

15,000
1,800
2,000
2,000

10,200
2,610
6,000

600
500

1,550
600

1,300
3,750
1,800
3,900

900
900
900
900

1,750
2,220
1,440
1,080

Trini-
Oakwood dad Rosser
Mile Mile Mile

220.5 264.52 298.00
(Tons Tons Tons)

UPBOUND TRAFFIC (Cont'd)
2,625 2,625 2,625
1,125 1,125 1,125
2,000 2,000 2,000
2,000 2,000 2,000

500 500 500
1,725 1,725 1,725
2,095 2,095 2,095
2,095 2,095 2,095
2,095 2,095 2,095
2,095 2,095 2,095

750 750 750
7,800 7,800 7,800
1,200 1,200 1,200
3,750 3,750 3,750
1,250 1,250 1,250
5,400 5,400 5,400

480 480 480
1,312 1,312 1,312
2,520 2,520 2,520
1,000 1,000 1,000
600 600 600

12,000 12,000 12,000
3,600 3,600 3,600
1,084 1,084 1,084
3,000 3,000 3,000

15,000 15,000 15,000
1,800 1,800 1,800
2,000 2,000 2,000
2,000 2,000 2,000

10,200 10,200 10,200
2,610 2,610 2,610
6,000 6,000 6,000
600 600 600
500 500 500

1,550 1,550 1,550
600 600 600

1,300 1,300 1,300
3,750 3,750 3,750
1,800 1,800 1,800
3,900 3,900 3,900
900 900 900
900 900 900
900 900 900
900 900 900

1,750 1,750 1,750
2,220 2,220 2,220
1,440 1,440 1,440
1,080 1,080 1,080

Dallas
Mile
6.70

Tons

2,625
1,125
2,000
2,000

500

1,725
2,095
2,095
2,095
2,095

750
7,800
1,200
3,750
1,250
5,400

480
1,312
2,520

12,000
3,600
1,084
3,000

15,000
1,800
2,000
2,000

10,200
2,610
6,000

600
500

1,550
600

1,300
3,750
1,800
3,900

900
900

900

900
1,750
2,220
1,440
1,080

Grand Arling- Fort Econ.
Prairie ton Worth Factor
Mile Mile Mile of

342. 4 54.00 364.00 Growth
Tons Tons Tons

2,625 2,625 2,625 I
1,125 1,125 1,125 I
------ ------ ------ I

-------- ------- ------ I
------ ------ ------ I
---- ----- ----- I
------ ----- ---- I

------ ----- ----- I
------ ----- ----- I

---- ---- ---- I

---- ---- ---- I
------ ------ ---- I

------ ---- ------ I

---- ---- "---- I

------ ---- ---- I

2,0-- -,00- 2,000 I
2,000 ---00 2-0-0 I
-- --00 --- -00 ---200 I
2,- 1-- 2,--- ---- 0 I

---- ----- ----- I
50 ---- --- --- I

---50 ---- ----- I
60 ---- --- --- I

----- ----- ----- I
3,--- -- 50- 3- 750 I
---- 0 1--- - 1,800 I
---- - 3- - -0 - ,9 -0 I

9,00 9,00 9,00 I

9,00 9,00 9,00 I

9,00 9,00 9,00 I
96 0 900-- - I

1,5 ,5 ,750- - - I
2,220 2---0 2,2-0 I

3,440 3,440 3,440 I
1,0800 1,080 1,0800 I

3,90 3,00 3900 I
900 90 900 I
900 90 900 I
900 90 900 I
900 90 900 I

1,75 1,50 1750 I
2,22 2,20 2220 I
1,44 1,40 1440 I
1,08 1,80 1080 I
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TABLE 7 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

ESTIMATED PORT-TO-)ORT WATERWAY TRAFFIC
(1966 Base Year Traffic -Tons of 2000 lbs)

Sheet 6 of 7

Houston
Ship

R.A.(1) Channel Urbana
Sheet Mile Mile
No. 0.00 91.86

Tons) Tons

2315 2,000 2,000
2315 2,000 2,000
2598 2,500 2,500
923 2,864 2,864
923 5,318 5,318
1348 1,000 1,000
1348 1,000 1,000
1431 3,000 3,000
1808 4,800 4,800
1858 7,500 7,500
2161 375 375
2161 1,125 1,125
2161 375 375
2161 1,125 1,125
3216 1,050 1,050
3216 1,050 1,050
3216 1,050 1,050
3216 1,050 1,050
1524 48,000 48,000
1524 12,000 12,000
1689 12,000 12,000
1942 1,800 1,800
2180 1,200 1,200
2180 1,200 1,200
2225 8,000 8,000
2225 6,000 6,000
2225 8,000 8,000
2225 8,000 8,000

1652 1,000 1,000
1652 2,000 2,000
1404 7,500 7,500
298 7,000 7,000

1404 15,000 15,000
1858 7,000 7,000

River-
side
Mile

136.15
(Tons )

2,000
2,000
2,500
2,864
5,318
1,000
1,000
3,000

4,800
7,500

375
1,125

375
1,125
1,050
1,050
1,050
1,050

48,000
12,000
12,000
1,800
1,200
1,200
8,000
6,000
8,000
8,000
1,000
2,000
7,500
7,000
15,000
7,000

Trini-
Midway Oakwood dad Rosser D
Mile Mile Mile Mile

171.63 220.55 264.52 298.00 3
( on ( Tons ) ( Tons ) W

UPBOUND TRAFFIC (Cont'd)
2,000 2,000 2,000 2,000
2,000 2,000 2,000 2,000
2,500 2,500 2,500 2,500
2,864 2,864 2,864 2,864
5,318 5,318 5,318 5,318
1,000 1,000 1,000 1,000
1,000 1,000 1,000 1,000
3,000 3,000 3,000 3,000
4,800 4,800 4,800 4,800
7,500 7,500 7,500 7,500

375 375 375 375
1,125 1,125 1,125 1,125

375 375 375 375
1,125 1,125 1,125 1,125
1,050 1,050 1,050 1,050
1,050 1,050 1,050 1,050
1,050 1,050 1,050 1,050
1,050 1,050 1,050 1,050

48,000 48,000 48,000 48,000 4
12,000 12,000 12,000 12,000
12,000 12,000 12,000 12,000

1,800 1,800 1,800 1,800
1,200 1,200 1,200 1,200
1,200 1,200 1,200 1,200
8,000 8,000 8,000 8,000
6,ooo 6,000 6,000 6,000
8,000 8,000 8,000 8,000
8,000 8,000 8,000 8,000
1,000 1,000 1,000 1,000
2,000 2,000 2,000 2,000
7,500 7,500 7,500 7,500
7,000 7,000 7,000 7,000

15,000 15,000 15,000 15,000
7,000 7,000 7,000 7,000

Subtotals by Economic Factors of Growth

Grand Arling- Fort Econ.
allas Prairie ton Worth Factor
Mile Mile Mile Mile of
26. 0 342.94 354.00 364.00 Growth
Tons (Tons Tons (Tns

2,000 2,000 2,000 2,000 I
2,000 2,000 2,000 2,000 I
2,500 2,500 2,500 2,500 I
2,864 2,864 2,864 2,864 I
5,318- ------ ------- ------ I
1,000- ------- ------ -------- I
1,000- ------- ------ -------- I
3,000- ------- ------ -------- I
4,800- ------ ------ ------- I

7,500- ------ ------- ------- -I
375 375 375 375 I

1,125 1,125 1,125 1,125 I
375 375 375 375 I

1,125 1,125 1,125 1,125 I
1,050 1,050- ------ ------ I
1,050 1,050- ------ ------ I
1,050 1,050- ------ ------ I
1,050 1,050- ------ ------ I
48,000 48,000 48,000 ------ I
12,000 12,000 12,000 ------ I
2,000- ------ ------ ------- I
1,800- ------ ------ ------- I
1,200 1,200- ------ ------ I
1,200 1,200 1,200 1,200 I
8,000 8,000 8,000 8,000 I
6,000 6,000 6,000 6,000 I
8,000 8,000 8,000 8,000 I
8,000 8,000 8,000 8,000 I
1,000- ------ ------- -------- I
2,000- ------ ------- ------ I
7,500- ------ ------- -------- C
7,000 7,000 7,000 7,000 M
15,000- ------ ------- -------- M
7,000- ------ ------- ------- M

Pop. 67,220 67,220 102,768 102,768 67,220 67,200 67,200 58,820 40,400 40,400 40,400

Value
Addedby
Mfg. 217,280 217,280 217,280 217,280 217,280 217,280 209,280 197,280 24,500 24,500 24,500
Ship-
ments
of Iran
& Steel 783,114 783,114 783,114 783,114 783,114 783,114 783,114 781,514 434,800 421,214 360,614
Value
ctFarm
Prods.
Sold 351,600 351,600 351,600 346,600 346,600 324,500 164,500 164,500 84,000 84,000 84,000
Value
of New
Const.
Cont-
racts 7,500 7,500 7,500 7,500 787,500 3,107,500 3,107,500 3,107,500 3,100,000------- ------ (2)
Ex-
port
Wheat------- ------- -------- ------ ------- -------- ------ ------- -------- ------ ------- (2)
Exc-
port
Grain
Sor-
ghum ------ ------- -------- ------ ------- -------- ------ ------- -------- ------ ------- (2)

(1) Rate Analysis sheets.
(2) These tonnages have been added from special studies and are not included

in the above table.
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TABLE 7 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

ESTIMATED PORT-TO-PORT WATERWAY TRAFFIC
(1966 Base Year Traffic - Tons of 2Q00 ibs)

Sheet 7 of 7
Houston
Ship River- Trini- Grand Arling- Fort Noon.R.A.(1) Channel Urbana side Midway Oakwood dad Rosser Dallas Prairie ton Worth Factor

Sheet Mile Mile Mile Mile Mile Mile Mile Mile Mile Mile Mile ofN. 0.00 1.86 136.1 171.63 220.55 264.52 28.00 36.70 42.4 4 -00o 6400 _G___
(Tos) on) Tns Tns Tns Tos Tos ToTons ) Tan)s T rowt

DOWNBOUND AND UPBOUND TRAFFIC
Totals by Economic Factors of Growth

Pop. 78,300 78,300 113,848 109,018 73,470 73,450 73,450 59,820 41,400 41,400 41,400

Value
Added by
Mfg. 373,872 373,872 373,872 373,872 373,872 373,872 365,872 353,872 74,500 74,500 74,500

Ship-
ments of
Iron &
Steel 906,914 906,914 906,914 906,914 906,914 906,914 906,914 905,314 444,600 431,014 370,414

Value
of Farm
Prods.
Sold 541,003 541,003 541,003 536,003 536,003 513,903 164,500 164,500 84,000 84,000 84,000

Value
of New
Const.
Cont-
racts 2,107,500 2,107,500 7,500 -7,500 787,500 3,107,500 3,107,500 3,107,500 3,100,000---------- -------- (2)

Export
Wheat 1,105,000 1,105,000 1,105,000 1,105,000 1,105,000 1,105,000 1,105,000 1,105,000 1,055,000 1,055,000 1,055,000 (2)

Export
Grain
Sorg-
hum 198,000 198,000 198,000 198,000 198,000 198,000 198,000 198,000 195,000 195,000 195,000 (2)

Grand
Total 5,310,589 5,310,589 3,246,137 3,236,307 3,980,759 6,278,639 5,921~,236 5,894,006 4,994,500 1,880,914 1,820,314

(1) Rate Analysis sheets.
(2) These tonnages have been added from special studies and are not included

in the above table.
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developed for Export Wheat, Export Grain Sorghum, and Shipments of
Iron and Steel. A brief explanation of each economic indicator
is given below.

a. Population.- The growth of population has either direct
or indirect influence on all types.of economic growth. The
future production and use of many commodities are directly related
to the growth or decline of the population. For example, the
requirement for newsprint paper used in the publication of newspapers
would be determined almost entirely by population, since the demand
for newspapers is generated solely by people. In this study, the
individual commodities having their most direct association to the
needs and demands of people have been projected by relating the
predicted growth rates of this economic indicator.

b. Value Added by Manufacture.- This value represents the
difference between the final value of manufactured goods and the
cost of raw materials that are used in producing these goods. This
indicator is a criterion of the relative economic importance of
manufacturing because it measures the contribution of the manufacturing
processes. Future commerce for all commodities most directly
related to manufacturing were estimated by association with the
projection factors for this economic indicator. Since the manufacturing
process often is not final at a particular plant, and transportation
to other plants and locations is required before the end product
is reached, a thorough evaluation of each commodity movement must be
made before associating its growth with that of manufacturing. The
future movement of these commodities was determined through the
use of the Value Added by Manufacture indicator only when the
purpose of movement involved further manufacturing.

c. Shipments of Iron and Steel.- It has been found that
the most significant factors affecting the demand for basic iron
and steel are the levels of activity'in manufacturing and construction.
Statistical research has revealed that, historically, the amount of
iron and steel per dollar of output in manufacturing and construction
has been decreasing for some time. This is attributed to a number
of factors including increased use of substitute metals and other
materials, steady improvement of the quality of iron and steel, and
changes in design practices. A special indicator for basic iron
and steel was constructed, giving consideration to the following
influences in the demand for iron and steel:

(1) The relative use of each segment, manufacturing
and construction, of iron and steel as production inputs.

(2) The different rates of growth in manufacturing
and construction.
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(3) The anticipated further reduction in iron and
steel use per dollar of output in manufacturing and construction. 1/

d. Value of Farm Products Sold.- This total value, as

published by the United States Census of Agriculture, has been

determined to be the best measure available for determining the

contribution of agriculture to the economy of a statewide or smaller

area. Some commodity movements, such as finished commercial
fertilizers, are related to the direct needs of agriculture and

thus can be readily assigned to its measuring indicator. The
relation of other commodity movements, however, is less readily
apparent. For example, the ingredients involved in the manufacture

of commercial fertilizers require further manufacture or
processing before they can be used in agricultural production.

Although a further manufacturing process is involved, the basic

need is determined by agricultural requirements. For this reason,
those commodities would be related to the agricultural economic
indicator rather than the manufacturing indicator.

e. Value of New Construction Contracts.- This indicator

represents the total dollar value of both public and private
construction contracts. It is the most representative indicator
for predicting the future movements of commodities associated

with new construction. Statistical data for this indicator include

values for both military and highway construction in addition to
commercial building activity. These construction values are not
usually available in other statistical data pertaining to new

construction, especially for individual states or smaller areas.

Within the overall economy, the production and use of some

commodities are determined almost entirely by the growth or
decline in new construction. Examples of this would be sand
and gravel. The predicted growth or decline of the need for these
commodities would be directly related to the predicted ativity
of the new construction indicator. Future commerce for all

commodities having their most direct relationship to new
construction has been estimated by association with the projected

growth rates of this economic indicator.

f. Export grain (Export Wheat and Export Grain Sorghum).-

Economic indicators on these commodity movements were constructed
especially for this report. Historically,almost all grain moving

through the Gulf ports has been for export. The special study of

grain production and movements made for this report indicated that

this pattern would prevail for the foreseeable future and that all

1/ Projections obtained from Resources in America's Future; John Hopkins

Press, Baltimore, Md., were used as a guide in estimating this reduction.
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future grain moving as commerce on the Trinity River would move
downbound and into the export market. The method and details of
computations used to construct these special indicators, together
with the existing and projected grain movements, are described
in the Grain Study attached as exhibit 1 of this report.

37. Factors of growth.- In order to estimate the prospective
commerce over the authorized waterway during its 50-year project
life, it was necessary to estimate future economic development
within the traffic area during this period.

38. The method used for projecting future activity of the
economic indicators basically consisted of disaggregating national
growth projections to the state level, and then further to the
traffic area of the authorized waterway. In using national
economic growth projections as a model for constructing the
indicators of state and traffic area growth, the method centered
upon the relationships of population, employment by industrial type,
and output per employee by industrial type.

39. Unusual or short-term economic influences are not taken
into account in the long-term national growth projections, and
therefore, were excluded from consideration in relating the
indicators of economic activity at the national level to corresponding
activity at the state and traffic area levels. Unpredictable
influences such as major wars, severe deflationary or inflationary
periods, political revolution, etc. are also excluded from the
projection processes.

40. The resulting predictions of future economic activity,
as shown by the indicators, when compared at the national, state,
and traffic area levels, are reasonable with respect to probable
long-term economic growth within the area of influence of the
proposed waterway.

41. The economic factors of growth developed as described in
paragraphs 37 through 40 above for each of the economic indicators
discussed in paragraphs 33 through 36 are given in table 8.
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TABLE 8

ECONOMIC FACTORS OF GROWTH

Economic Indicators 1966 1985(1) 2000 2010 2020 2035

Population 1.000 1.442 1.901 2.259 2.685 3.599

Value Added by Manufacture 1.000 2.514 5.162 8.228 13.113 26.845

Shipments of Iron & Steel 1.000 2.092 3.503 4.942 6.971 11.679

Value of Farm Products Sold 1.000 1.232 1.507 1.894 2.383 3.007

Value of New Construction
Contracts 1.000 2.012 3.375 4.813 6.855 11.735

Export Wheat(2) 1.000 1.061 1.156 1.233 1.316 1.418

Export Grain Sorghum(2) 1.000 1.248 1.299 1.333 1.368 1.567

(1) Assumed initial year of project use.
(2) Base year for wheat and grain sorghum is 1965.

42. Production costs - sand and gravel.- As mentioned in
paragraph 18, it was recognized that the possibility of economic
savings through production of sand-and gravel by hydraulic mining
methods as opposed to dry-pit methods of mining might have a
bearing on waterway economics. Production costs savings that could
be achieved only through existence of the waterway, would be
related waterway benefits over and above any transportation savings
derived from movement of the sand and gravel over the waterway.
However, if hydraulic production equipment could be assembled
and used in a confined body of water independent of the waterway, any
resultant reduction in production costs would not be solely
attributable to the waterway project and, thus, could not be
properly credited as a waterway benefit.

43. The resource analyst, in making the special study on
sand, gravel and stone, given in exhibit 2 to this appendix,
developed considerable information on both methods of production.
In paragraphs 105 through 122 of exhibit 2, he presents summary
data for direct, indirect, and fixed costs for both methods of
operation. These data were compiled from basic information
furnished by industry operators and used to identify cost elements
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associated with sand and gravel production. The data, however, are

generalized and are not sufficient for application to firm

estimates for specific locations on the authorized waterway.

44. Undoubtedly there will be opportunities for producers to

reduce costs of production of sand and gravel at specific locations

along the waterway. However, to evaluate production savings,

detailed information is required for each specific production site
(i.e. amount of overburden, depth of deposit, percentage of sand-to-
gravel etc.). Because of the highly competitive nature of this
commodity market, operators are reluctant to disclose specific

detailed information concerning deposits they have under lease

for future production. Such information, when entered into

benefit computations, would be readily identifiable with a specific

producer and location. In view of this situation, it was not

possible to obtain the additional information required for reliable

estimates of benefits from this source and, accordingly, none of
these benefits have been credited to the waterway.

45. Extended life of bridges.- Benefits from the extended
useful life of bridges crossing the Trinity River that would be
obtained by alteration or reconstruction of the bridges for the

project navigation channel were estimated as recommended in the
paragraph titled, "Extension of Useful Life," in the report of,
"Proposed Practices for Economic Analysis of River Basin Projects,"
prepared by the subcommittee on Evaluation Standards for the
Inter-Agency Committee on Water Resources (May 1958).

46. Computations from which the estimates of these benefits
are derived were based on the following criteria:

a. 50-year average life - highway bridges,
b. 37-year average life - railway timber trestles,
c. 70-year average life - railway steel superstructures,
d. 100-year average life - railway substructures,
e. All replacement costs are on 1967 constant dollars,
f. The period of analysis is the 50-year project life

beginning in 1985 and extending through 2035,
g. Interest rate of 3.25 percent compounded annually.

47. The benefits that would be derived from the extended useful
life of existing bridges were computed separately for highway and
railway bridges for each of two reaches and for the entire river.
The lower reach extends from channel mile 0.00 to channel mile
326.70 inclusive, and the upper reach from channel mile 326.70 to
Fort Worth. There are 28 highway bridges and 5 railroad bridges in
the upper reach and 20 highway bridges and 4 railroad bridges in
the lower reach. Five new highway bridges and 4 new railroad
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bridges are definitely planned or scheduled for construction.
These bridges will be completed on or after the completion of the
navigation project. The 9 existing and 4 new railroad bridges are
shown as 13 crossings in table 3A and the 48 existing and 5 new
highway bridges are shown as 41 crossings in table 3B of appendix
I. These tables describe the crossing, channel mile, and the
estimated bridge relocation costs. Benefits from extended life

of bridges have been evaluated for the 48 existing highway bridges
and the 9 existing railroad bridges only, since the 5 new highway
bridges and the 4 new railroad bridges will not be completed prior
to, completion of the navigation project.

48. The average annual charges for amortizing the replacement
cost of the affected portion of the bridge over a 50-year period
were determined. The unexpired life, in years, of the affected
portion of the bridge was considered a benefit beginning at the
end of the project life and the worth of the unexpired life was
determined at that point.. This discounted amount was then
further discounted to determine the present (1985) worth of
the benefit.

49. This present worth was then distributed over the 50-year
period of the navigation project as an annual annuity payment,
which is the equivalent annual benefit for extended life of the
affected portion of a given bridge. Table 9 shows the detailed

computations to arrive.at the average annual equivalent benefits
for extending the life of the highway bridges. The results are
summarized in table 18.

50. The affected portions of the railway bridges were computed
in a similar manner except that the different service lives of 37
years for timber trestles, 70 years for, steel superstructure, and

100 years for substructure were taken into account and were prorated
and computed separately. The average annual benefits for each
portion of a given bridge were added together to obtain the average
annual benefit for the bridge. The computations for arriving at
the average annual equivalent benefits for extending railroad
bridge life are given in table 10. The results are summarized in
table 18.

51. Vehicular traffic (bridges).- Construction of a navigation
channel in the Trinity River would require alteration of 48 existing
Federal, state, county, and municipal highway bridges to provide

navigation clearances for the waterway traffic. The cost of
operating vehicles over the existing bridges, or bridges planned
for construction prior to 1985, will be increased when the roadway

gradients are raised by the bridge alterations. This increased

vehicular cost represents an economic loss to the vehicular traffic,which

must be deducted from benefits creditable to the navigation project.
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TABLE 9

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION Off NAVIGATION FEATURES

BENEFITS FROM EXTENSION OF USEFUL LIFE OF HIGHWAY BRIDGES

Estimated Present Worth

Remaining Life Used AffectdEtadEtmted Capital At Year 1985tPrset Rerh Cptery AvnragePortionRegedA EstimatedEtimatedRecove Average Present Worth xhwF itindid Preent Present Worth Capitel AverageChanYal Year Estimated 1985 1985 Of Bridge New Replacement Factor Annual of 1 Per Extendea Life borts For Years Factor EquivalentChanel earEstmatd 185 985Porion ost 50-ear ChrgeA Prio FatorFacter ForMile Built Life Years (4 - 6)(i) (4 - 5)(1) Replacement Portion Cost 50-Yiara Charge Period Factor Life Fans 1985 from Shown n3-5for Benefits
(2) (1) (4) (K I t Cost,.. 7967(2) Years 1985(2) 0 3.25% (9 x 10) 0 3.25% (11 x 12) 1985 .. - 1l ars._ . .(16 ,17)

.1......_ - (K1 ( 1 05 ( (7 I ) 113 ) i je 
0
1ofJ " -" f/) s il Ia

annel mile 0.00 to Dallas Terminus)

Interstate 10 30.36 1955 50 20
U. S. Hwy. 90 (E) 47.84 1930 50 45
U. S. Hwy. 90 (w) 47.90 1962 50 27
F. M. Rd. 162 62.00 1967 50 32
State Hwy. 105 75.78 1926 50 41
U. S. Hwy. 59 91.86 1950 50 15
Co. Rd. 98.90 1985 50 50
U. S. Hwy. 190 111.54 IN LIVINOSTON RESERVOIR
State Hey. 19 136.15 1941 50 6
p.e. Rd. 3076 160.00 1985 50 50
State H-y. 21 171.63 1959 50 24
State Hey. 7 196.68 1957 50 22
U. S. Hwy 79 & 84 220.55 1955 50 20
U. S. Hwy. 287 249.99 1934 50 49
State Hwy. 31 264.52 1932 50 47
State Hwy. 1129 285.60 1958 50 23
State Hwy. 34 298.04 1934 50 49Malloy Co. Rd. 312.84 1955 50 20
Beltline Rd. 315.57 1955 50 20
Dady-Ferry Rd. 319.92 1953 50 18
Interstate Hwy.

Loop 635 320.00 1985 50 50
State Hwy. Loop 12 (E) (3) 326.19 1954 50 19
State Hwy. Loop 12 (w) (3) 326.20 1954 50 19

UPPER REACH (Dallas Terminus to Ft. Worth Terminus)

Interstate Hwy. 45 (N) 328.46 1938 50 3
Interstate Hwy. 45 (S) 328.47 1950 50 15
Forest Ave. 330.65 1953 50 18
Corinth St. 331.41 1931 50 46
Cadiz St. 332.22 1931 50 46
Interstate Hwy. 35 (E) 332.28 1957 50 22
Houston St. 332.61 1911 50 26
Dallas-Ft. Worth Turnpike 333.12 1956 50 21
Comuerce St. 333.50 1931 50 46
Continental St. 333.93 1931 50 46
Sylian Ave. 334.89 1955 50 20
Hampton Ave. 336.33 1953 50 18
Westmoreland Rd. 337.26 1962 50 27
State Hay. Loop 12 340.39 1954 50 19
Meyers Rd. 342.94 1952 50 17
Beltline Rd. 345.25 1954 50 19
State Hwy. 360 350.75 1959 50 24
F.M. Rd. 157 354.00 1931 50 46
F.M. Rd. 157 354.00 1955 50 20
Arlington-Bedford Rd. 357.00 1931 50 46
Arlington-Smithfield Rd. 359.95 1931 50 46
U. S. Hay. Loop 820 (8l)(3)362.11 1963 50 28
U. S. Hy. Loop 820 ()(3) 362.12 1963 50 28
Handley-Ederville Rd. 362.70 1960 50 25

30

23

9
35
0

44

0
26
28
30

27
1

30
30
32

0
31

31

47
35
32
4
4

28
24
29
4
4

30
32
23
31
33
31
26
4

30
4
4

22

22
25

$1,510,000 50 $1,510,000 .040730 $ 61,500 3.8.981917 $1,167,390 2005342,800 50 3,800 .040730 13,930 4.547199 63,340 2030
4 0.040730 16,390 16.024214 262,640 2012

631,300 50 631,300 .040730 25,710 13.467260 346,240 2017
111,900 50 111,900 .040730 4,560 7.696122 35,090 2026

1,239,500 50 1,239,500 .040730 50,480 20.723893 1,046,140 2000
496,100 50 496,100 .040730 20,200 ---

1,352,100 50 1,352,100 .040730 55,070 23.236473 1,279,632 1991
383,900 50 383,900 .1040730 15,640 --
816,200 50 816,200 .040730 33,240 17.373233 577,490 2009
391,700 50 391,700 .040730 15,950 18.203291 290,340 2007

1,422,000 50 1,422,000 .040730 57,920 18.981917 1,099,430 2005
2,584,300 50 2,584,300 .040730 105,260 .968523 101,950 2034
1,063,600 50 1,063,600 .040730 43,320 2.815070 121,950 2032

572,200 50 572,200 .040730 23,300 17.794898 414,620 2008
603,100 50 603,100 .040730 24,560 .968523 23,790 2034
680,800 50 680,800 .040730 27,730 18.981917 526,370 2005
650,300 50 650,300 .040730 26,490 18.981917 502,830 2005
465,700 50 465,700 .040730 18,970 19.712296 373,940 2003

1,973,100 50 1,973,100 .040730 80,360 ----1,584,500 50 1,584,500 .040730 64,540 19.352946 1,249,040 2004

1,148,900 50 1,148,900 .040730 46,800 23.925643 1,119,720 1988
1,170,500 50 1,170,500 .040730 47,670 20.723893 987,910 2000

896,100 50 896,100 .040730 36,500 19.712296 719,500 2003
1,088,400 50 1,088,400 .040730 44,330 3.694983 163,800 2031
1,237,000 50 1,237,000 .040730 50,380 3.694983 186,150 2031
-1,503,200 50 1,503,200 .040730 61,220 18.203291 1,114,400 2007
1,065,100 50 1,065,100 .040730 43,380 16.488343 715,260 2011
2,011,800 50 2,011,800 .040730 81,940 18.598829 1,523,990 2006
1,498,700 50 1,498,700 .040730 61,040 3.694983 225,540 2031

980,200 50 980,200 .040730 39,920 3.694983 147,500 2031
130,400 50 130,400 .040730 5,310 18.981917 100,790 2005

1,135,200 50 1,135,200 .040730 46,240 19.712296 911,500 2003
167,100 50 167,100 .040730 6,810 16.024214 109,120 2012

1,157,800 50 1,157,800 .040730 47,160 19.352946 912,680 2004
117,900 50 117,900 .040730 4,800 20.060336 96,290 2002
334,900 50 334,900 .040730 13,640 19.352946 263,970 2004

1,171,900 50 1,171,900 .040730 47,730 17.373232 786,990 2009
93,200 50 93,200 .040730 3,800 3.694983 14,040 2031
178,700 50 178,700 .040730 7,280 18.981917 138,190 2005
545,300 50 545,300 .040730 22,210 3.694983 82,070 2031
108,700 50 108,700 .040730 4,430 3.694983 16,370 2031

1,214,700 50 1,214,700 .040730 49,470 15.545001 769,010 2013

408,700 50 408,700 .040730 16,650 16.937862 282,020 2010

(1) If a highway bridge is over the estimated life of 50 years, the assumption is made that the bridgehasebeen reconstructed and the life used of the existing bridges is figured from this reconstructiondate.
(2) Estimates of bridge replacement cost in col ts 7 and 9 are on the same bases as project costestimates which are based on 1967 constant dollars.

(3) The estimated replacement cost for dual bridges built during the same time period have been combinedfor ease of computation.

.527471 $ 615,760
.237108 15,020
.421666 110,750
.359350 124,420
.269468 9,460
.618941 647,500

.825391 1,056,195

.464129 268,020

.494787 143,650

.527471 579,920

.208635 21,270
.222416 27,120
.479213 198,690
.208635 4,960
.527471 277,640
.527471 265,230
.562314 210,280

.544614 680,240

.040730 $ 25,080
.040730 610
.040730 4,510
.040730 5,070
.040730 390
.040730 26,370

.040730 43,020

.040730 10,920
.040730 5,850
.040730 23,620
.040030 870
.040030 1,100
.040730 8,090
.040730 200
.040730 11,310
.040730 10,800
.040730 8,560

.040730 27,790

Subtotal $ 214,160

.90851022 1,017,280 .040030

.618941 611,460 .040730

.562314 404,580 .040730

.229645 37,620 .040730

.229645 42,750 .040730

.494787 551,390 .040730

.435370 311,400 .040730

.510868 778,550 .040030

.229645 51,790 .040730

.229645 33,870 .040730

.527471 53,160 .040730

.562314 512,550 .040730

.421666 46,010 .040730

.544614 497,060 .040730

.580589 55,900 .040730

.544614 143,760 .0400730

.464129 365,260 .040030

.229645 3,220 .040730

.527471 72,890 .040030
.229645 18,850 .040730
.229645 3,760 .040730
.408393 314,060 .040730

.449519 126,770 .040030

Subtotal

41,430
24,900
16,480

1,530
1,740

22,460
12,680
31,710
2,110
1,380
2,170

20,880
1,870

20,240
2,280
5,860

14,880
130

2,970
770
150

12,790

5,160

$ 246,570

Total average sonual benefit $ 460.730or extension of highway bridge
life

Bridge
(1)

N

les

L.OWIiRr .r trREACH r ( n _ Ch.____. ' !



TABLE 10

TRINITY- RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

BENEFITS FROM EXTENSION OF USEFUL LIFE OF RAILROAD BRIDGES

Channel Year Estimated
Bridge Mile Built Life Years
(1) (2) (3) (4)

LOWER RIACH (Channel Mile 0.00 to Dallas Terminus)

Missouri Pacific Railroad 52.57 1906

Superstructure 70
Substructure 100
Timber Trestle 37

Gulf, Colorado & Sante Fe 77.28 1901
Timber Trestle 37

Texas & Nec Orleans 91.93 1921

Timber Trestle 37

St. Louis Southwester:
Texas 264.14 1938

Superstructure 70
Substructure 100
Timber Trestle 37

UPPER REACH (Dallas Terminus to Ft. Worth Tensinus)

Texas & New Orlean, 328.30 1920
Superstructure 70Substructure 100
Timber Trestle 37

Missouri-Kansas-Texas 330,28 1918
Superstructure 70
Substructure 100
Timber Trestle 3';

Gulf, Colorado & Santa Fe 331.09 131

Superstructure 70
Substructure 100
Timber Trestle 37

Texas & Pacific 333.66 1931
Superstructure'70
Substructure 100

Gifford-Hill Gravel Co. 341.86 1933
Superstru :ture 70
Substructure 100
Timber Trestle 37

Estimated Present Worth
Affected Estimated Capital At Years Present Present Worth Capital Average

Remaining Life Used Portion Life Estimated Recovery Average Present Worth Shown From Extended Worth For 1985 Recovery Annual
Years Years of Bridge New Replacement Factor Annual of 1 Per Extended Life Factor For From Years Factor Equivalent

1985 Replacement Portion Cost- . Charge Period Factor Life From 1985 from Shown @ 3.25% for Benefits
(4-6) ( ) Cost - 1967(e} Years 1985) 3.25% (9 x 10) @ 3.25% (11 x 12) 1985 Year Shown (13 x 15) 50 Years (16 x 17)

(5) (6) -() (8) (9) (10) (13) (12) (13) (14) (15) (16) (17) (18)

63
23
34

27

10

77
3

27

480,500 70
135,400 100

29.700 37

66,000 37

52,400 37

$ 480,500 .036377
135,400 .033884

29,700 .046846

66,000 .046846

52,400 .046846

017,479 6.171999
4,588 28.147536
1,391 2.815070

3,092 8.422395

2,455 17.794898

,107,880
129,142
3,916

26,042

43,686

20481

2008
2019

2012

1995

.133329

.479213

.337083

.421665

.726272

23 47 394,900 70 394,900 .036277 14,365 23.925643 343,692 2008 .4"9213

53 47 101,800 100 101,800 .0338.:4 3,449 23.925643 82,520 2038 .183580

27 10 105,800 37 105,800 .046646 4,956 8-4='3 ' 41,741 2012 .421665

5
35

3

33
7

.6

46
2C

lb
46

1} C
46
20

65

28

61
J7

30

54
7

5.5

52
52
15

202,-00 70
57,200 100

415,100 37

42i .00 71C
120,600 '00
247,600 37

53,01 71
90,500 102
91,601 31

11.1' 71

23..500 100

.4,101 70

17,400 100
C),70C 37

202,800 .036377
07,200 .033884

415,100 .046846

427,400 .03677
120,600 .033884
247,600 .046846

336,300 .036377
94.900 .03386,
91.600 .046846

171,000 .036377
238,500 .033884

56,601 .036377
15,401 .033884
33,701 .04684"

7,377 26.920985
1,938 26.920985

19,446 18.203291

15,548 27.159435
4,080 27.159435

11,599 18.981017

12,234 25.298396
3,216 21.298398
4,291 13.914946

32,048 25.2= 398
8,081 25.2'939C

1,986 2.937016

522 24.93016
642 1".724899

198,596
52,173

353,981

422,275
110,973
220,171

309,501
81,360
55,375

810,76,
204,436

4;,512
13,5014

"7,527

1990
2020
1994

1988
2018
1992

2001
.2031
2005

2001
2031

2003
2033

200?

.8 2211

.3264-73

.749876

.90851C

.348039

.799410

.599458

.229645

.527471

.599458

.229645

.599458

.229645

.527471

$ 14,384 .04030

61,886 .040730
1,320 .040730

10,981 .040730

31,728 .040730

164,702 .040730
15,149 .040730
17,601 .040730

Subtotal

169,247 .040730
17,033 .040730

265,442 .040730

383,641 .040730
38,623 .040730

176,007 .040730

185,533 .040730

18,684 .040730
29,209 .040731

486,018 .040730
46,948 .040730

29,680 .040730
2 988 .0407313:970 .040730

O 586
2,521

54

447

1,292

6,708
617
717

$12,942

6,893
694

10,811

15,626
1,573
7,169

7,557
761

1,196

17,796
1,12

1,209
122
162

Subtotal 4757
Total arerage annual benefit,

(1)If s portion or portions of a railroad bridge are over the estimated life - for extension of railroad bridge

70 years for steel superstructure, 100 year for substructure an 37 ?arsf-
for timber trestle - it is assumed that portion or porioro of the ,ridge life
have bees rconstrueted and the life used of the exie(rlng brig: (0) is
figured from the reconstructio. date.

(2) Estimates of bridge replacement cost in columns 7 and 9 are on the same basis
. as project cost estimates which are based on 1967 constant dollars.



52. The estimates of economic loss from increased cost of
vehicle operation due to the provision of navigational requirements.
in bridge construction on the Trinity River, were based on the
following criteria:

a. Traffic volume will increase at. a rate related to
projected increases in population and vehicular registrations.

b. The traffic capacity of existing bridges is not a
limiting factor for traffic volume. As capacity is reached for
existing bridges, it is assumed that alterations or additional
bridges will be provided to allow for continued growth in traffic
volume.

c. Traffic volumes, as tabulated for six reaches of the
Trinity River channel from 1966 traffic counts furnished by the
Texas Highway Department for each bridge across the Trinity River,
are basic data for projecting future traffic loads.

d. Traffic. composition, based on the actual counts
between trucks and passenger cars for 1966 traffic furnished by
the Texas Highway Department, is assumed to remain constant.

e. The additional vehicular unit costs per foot of
lift are $0.0004108 for trucks and $0.0000672 for passenger cars.
These values were furnished by the Federal Highway Administration,
Department of Transportation.

f. Texas Highway Department district highway maps were
used to establish area traffic flow patterns and grouping into
appropriate reaches of the river.

53. For consistency with the methods of computing transporta-
tion savings and benefits for future years, the economic loss from
increased cost to vehicular traffic was first computed for base
year 1966, assuming the waterway and raised bridges had been in
existence at that time. The projections of the base year estimates
to the initial waterway project year of 1985 and through the water-
way 50-year project life period to 2035 were computed in the same
manner as the navigation benefit's.

54. The computations and data used to arrive at 1966 base year
increased vehicular operating costs are presented in table 11. The six
reaches of the Trinity River on which computations were based and the
bridge locations are identified in the first 3 columns of the table.
The 1966 base year average daily traffic counts, the division between
passenger cars and trucks, and the annual traffic count totals are
shown in columns 4 through 10. The increased height of each brids an die
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TABLE 11

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

INCREASED VEHICULAR COSTS DUE TO NAVIGATION - 1966

Sheet 1 of 3

Average Average Total Yr. Cost/ft. Total Total Total
Channel Mile Average Daily Daily Days Truck Total Yr. Pass. Increased Cost/ft. Lift for Increased Increased Vehicular

to Daily Percent Truck Pass. Car in Traffic Car Traffic Height of Total Total Lift for Pass. Truck Costs Pass. Car Costs Costs
Reach Bridge Channel Mile Traffic of Trucks Traffic Traffic Year (6 x 8) (7 x 8) Bridge (9 x 11) (lo x 11) Trucks Cars (12 x 14) (13 x 15) (16 + 17)

(1) (2) (3) (4)A (5)A (6) (7) (8) (9) (o) (Us) (12) (13) (14)B (15) (16) (17) (18)

1 0.0 - 70.00

Interstate Highway
10

US Highway 90

Farm-to-Market Road
162

30.36

47.84

62.00

TOTAL

70.01 - 115.00

State Highway 105 75.78

US Highway 59 91.86

County Road X98.90
US Highway 190 111.54

TOTAL

115.01 - 255.00

State Highway 19 136.15

Farm-to-Market Road
3076 160.00

State Highway 21 171.63

State Highway 7 196.68

US Highway 79 & 84 220.55

US Highway 287 249.99

TOTAL

10,460 12.7 1,328 9,132 365 484,700 3,333,200

7,300 10.2 730 6,570 365 266,400 2,398,000

46' 22,296,200 153,327,200

50' 13,320,000 119,900,000

$0.0004108 $0.oooo672 * 9,159

$0.0004108 $o.0ooo672 5,472

$ 10,304 $ 19,463

8,057 13,529

980 10.0 98 882 365 35,800 321,900 37' 1,324,60 11,910,300 $i.00041o8 $0.0000672 544 800 1,344

18,740 2,156 16,584 786,900 6,053,100 36,940,800 285,137,500 $o.iO41o8 $0.0000672 $15,175 $ 19,161 $ 34,336

850 12.0 102 748 365 37,200 273,000 51' 1,897,io 13,923,OO $0.0004108 $o.iooo672 $ 779 $ 936 $ 1,715

6,040 19.0 1,148 4,892 365 419,000 1 ,785,600 38' 15,922,000 67,853,000 $o.0001108 $0.0000672 6,541 4,560 11,101

155 15.0 23 132 365 8,395 48,180 62' 520,490 2,987,160 $0.i004108 $o.oooo672 200 200 40c

1,01 15.0 152 858 365 55,500 313,200 53' 2,942,000 16,600,000 $0.0004108 $i.oooo672 1,208 1,116 2,324

8,055 1,425 6,630 520,095 2,419,980 21,281,490 101,363,160 $0.0004108 $o.0000672 $ 8,728 $ 6,812 $ 15,510

3,000 8.0 240 2,760 365 87,600 1,007,400 50' 4,380,000 50,370,000 $o.i004108 $0.0000672 $ 1,799 $ 3,385 $ 5,184

145 10.8 14 131 365 5,110 47,815 52' 265,720 2,486,380 $o.0004o8 $0.0000672 300 100 2000

1,110 14.0 155 955 365 56,600 348,600 36' 2,038,000 12,550,000 $0.0004108 $o.0000672 837 843 1,680

630 17.0 107 523 365 39,100 190,900 35' 1,369,000 3,847,000 9 $.0004108 8i.0000672 562 258 820

3,00 10.0 300 2,700 365 109,500 985,500 34' 3,723,000 33,507,000 $0.0004108 $0.0000672 1,529 2,252 3,781

990 13.0 129 861 365 47,100 314,300 47' 2,214,000 14,772,000 9.0004108 $o.oooO672 910 993 1,903

8,875 945 7,930 345,010 2,890,515 13,989,720 117,532,380 $0.0004108 $0.0000672 $ 5,737 $ 7,831 $ 13,568

N



TABLE 11 (Cont' d)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

INCREASED VEHICULAR COSTS DUE T,0 NAVIGATION - 1966

Sheet 2 of 3

Average Average Total Yr. Cost/ft. Total Total TotaL

Channel Mile Average Daily Daily Days Truck Total Yr. Pass. Increased Cost/ft. Lift for Increased Increased Vehicular
to Daily Percent Truck Pass. Car in Traffic Car Traffic Height of Total Tota Lft fr. T-. r

Reach Bridge Channel Mile Traffic of Trucks Traffic Traffic Year (6 x 8) (7 x 8) Bridge (9 x 11) (10 x 11) Trucks Cars (12 x 14) (13 x 15) (16 + 17)

(1) (2) (3) (4) (5)A (6) (7) (8) (9) (0.) (0) (12) (13) (14) (15) (16) (17) (8)

4 255.01-305.00

State Highway 31 264.52

State Highway 1129 285.60

State Highway 34 298.04

TOTAL

305.01 - 326.25

Malloy Co. Rd. 312.84

Beltilne Rd. 315.57

Dowdy Ferry Rd. 319.92

Interstate Highway
Loop 635 320.00

State Highway Loop
12 326.19

TOTAL

326.26 - 362.75

Interstate Highway
45 328.46

Forest Avenue 330.65

Corinth Street 331.41

Cadiz Street 332.22

Interstate Highway
35E 332.28

Houston Street 332.61

Dallas-Ft. Worth
Turnpike - 333.12

Ccmerce Street 333.50

Continental Street 333.93

Sylvan Avenue 334.89

2,960 10.0

320 10.0

890 8.0

296 2,664

32 288

71 819

365 108,000

365 11,700

365 25,900

972,400

105,100

298,900

47'

35'

34'

5,076,000 45,703,000

410,000 3,678,000

881,000 10,163,000

$0.0004108

$0.0004108

*o.oo41o8

$0.0000672 $ 2,085

$o.0000672 168

$0.0000672 362

* 3,071 $ 5,156

247 415

683 1,045

4,170 399 3,771 145,600 1,376,400 6,367,000 59,544,000 $0.0004108 $0.0000672 $ 2,615 $ 4,001 $ 6,616

630 6.5 41 589 365 15,000 215,000 29' 435,000 6,235,000 $0.0004108 80.0000672 * 179 $ 419 $ 598

1,310 6.0 79 1,231 365 28,800 449,300 26' 748,000 11,681,800 $0.0004108 $0.0000672 308 785 1,093

1,410 6.0 85 1,325 365 31,000 483,600 36' 1,116,000 17,409,600 $0.0004108 $o.0000672 458 1,170 1,628

38,928 5.4 2,102 36,826 365 767,230 13,441,490 52' 39,895,960 698,957,480 $0.0004108 $0.0000672 16,400 47,000 6 3, 40 0 c

15,000 5.0 750 14,250 365 273,800 5,201,200 31' 8,487,800 161,237,200 $0.0004108 $0.0000672 3,487 10,835 14,322

57,278 3,057 54,221 1,115,830 19,790,590 50,682,760 895,521,080 $0.0004108 $0.0000672 $20,832 $60,209 $ 81,041

27,500

27,000

29,000

45,000

5.4

4.5

4.0

5.4

45,000 5.4

10,000 5.0

26,000

20,000

16,000

7,000

6.0

5.0

5.0

5.0

1,485 26,015

1,215 25,785

1,160 27,840

2,430 42,570

365 542,000

365 443,000

365 423,000

365 887,000

9,495,000

9,442,000

10,162,000

15,538,000

2,430 42,570 365 887,000 15,538,000

500 9,500 365 183,000 3,468,000

1,560 24,440

1,000 19,000

800 15,200

350 6,650

365 569,000

365 365,000

365 292,000

365 128,000

8,921,000

6,935,000

5,548,000

2,427,000

13'

19'

30'

30'

7,046,000 123,435,000

8,417,000 179,398,000

12,690,000 304,860,000

26,610,ooo 466,140,000

27' 23,949,000 419,526,000

26' 4,758,000 90,168,000

23'

25'

25'

52'

13,087,000 205,183,000

9,125,000 173,375,000

7,300,000 138,700,000

6,656,000 126,204,000

$0.0004108

$0.0004108

$o.ooo4108

$0.0004108

$0.0000672 $ 2,894

$o.0000672 3,458

$o.0000672 5,213

$o.0000672 10,931

$0.0004108 $o.0000672 9,838

$0.0004108 $o.0000672 1,954

$0.0004108

$0.0004108

$o.ooo41o8

$0.0004108

$0.0000672 5,376

$0.0000672 3,748

$0.0000672 2,999

$O.oooo672 2,734

$ 8,295

12,056

20,486

31,325

S11,189

15,514

25,699

42,256

28,192 38,030

6,059 8,013

13,788

11,651

9,321

8,481

19,164

15,399

12,320

11,215

0



TABLE 11 (Contd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

INCREASED VEHICULAR COSTS DUE TO NAVIGATION - 1966

Sheet 3 of 3

Average Average Total Yr. Cost/ft. Total Total Total
Channel Mile Average Daily Daily Days Truck Total Yr. Pass. Increased Cost/ft. Lift for Increased Increased Vehicular

to Daily Percent Truck Pass. Car in Traffic Car Traffic Height of Total Total Lift for Pass. Truck Costs Pass. Car Costs Costs
Reach Bridge Channel Mile Traffic of Truck Traffic Traffic Year (6 x 8) (7 x 8) Bridge (9 x 11) (10 x 11) Trucks Car (12 x 14) (13 x 15) (16 + 17)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (1o) (11) (12) (13) (14) (15) (16) (17) (18)

6 (Cont'd) 326.26 - 362.75

Hampton Avenue 336.33 25,000 5.0 1,250 23,750 365 456,000 8,669,000 22' 10,032,000 190,718,000 $0.0004108 $0.0000672 $ 4,121 $12,816 $ 16,937

Westmoreland Road 337.26 11,000 5.0 550 10,450 365 201,000 3,814,000 47' 9,447,000 179,258,000 $0.0004108 $0.0000672 3,880 12,046 15,926

State Highway Ioop
12 340.39 15,000 4.0 600 14,400 365 219,000 5,256,000 19' 4,161,000 99,864,000 $0.0004108 $0.0000672 1,709 6,711 8,420

Meyers Road 342.94 2,900 7.0 203 2,697 365 74,000 984,000 47' 3,478,000 46,248,000 $0.0004108 0.0000672 1,429 3,108 4,537

Beltline Road 345.25 13,560 5.0 678 12,882 365 247,000 4,702,000 33' 8,151,000 155,166,000 $0.0004108 $.0000672 3,348 10,427 13,775

State Highway 360 350.75 9,430 7.0 660 8,770 365 241,000 3,201,000 38' 9,158,000 121,638,000 $0.0004108 $1.0000672 3,762 8,174 11,936

Farm-to-Market Road
157 354.00 12,200 8.0 976 11,224 365 356,000 4,097,000 41' 14,596,000 167,977,000 $0.0004108 $0.0000672 5,996 11,288 17,284

Arlington-Bedford
Road 357.00 1,600 5.0 80 1,520 365 29,000 555,000 34' 986,000 18,870,000 $0.0004108 $0.0000672 405 1,268 1,673

Arlington-Smithfield
Road 359.95 1,650 5.0 82 1,568 365 30,000 572,000 29' 870,000 16,588,000 $0.0004108 $0.0000672 357 1,115 1,472

US Highway Loop 820 362.11 22,000 5.0 1,100 20,900 365 402,000 7,628,000 33' 13,266,000 251,724,000 $0.0004108 $o.0o00672 5,450 16,916 22,366

Handley-Ederville
Road 362.70 2,910 3.0 87 2,823 365 32,000 1,030,000 43' 1,376,000 44,290,000 $0.0004108 $0.0000672 565 2,976 3,541

TOTAL 369,750 19,196 350,554 7,006,000 127,982,000 195,159,000 3,519,330,000 $0.0004108 60.0000672 $80,167 $236,499 $316,666

A Information obtained from Texas Highway Department.

B Costs per foot of lift for trucks and passenger cars was obtained from the Federal Highway Administration, Departent of Transportation.

C Estimated 1985 traffic was brought to 1966.



computations to arrive at the base year annual totals for increased

vehicular operating costs are shown in the remainder of the
tabular columns.

55. Projections of traffic volume over the life of the Trinity
River navigation project from 1985 to 2035 were developed by the
stepdown correlation method. The national, state and the Trinity
River population growth projections were correlated with vehicular
registration projected growth to obtain a composite growth factor
for vehicular traffic volume. The Resources in America's Future,
John Hopkins Press, Baltimore, Md.,and :le StatisticalAbstract of
the United States U. S. Department of Qommerce, were used as
source material for projecting vehicular traffic growth.
Vehicular traffic growth factors for the Trinity River are shown
for selected years in table 12.

TABLE 12

ESTIMATED GROWTH FACTORS FOR PROJECT I VEHICULAR TRAFFIC VOLUME

Growth Factor

1,000

2,059

3, 642

4,385

5,281

7.109

(1) Base year of project
(2) Beginning year of project

56. These factors of growth were applied to the 1966 base
year vehicular traffic for each of the six reaches an the Trinity
River to obtain future vehicular traffic volume for 1985, 2000,
2010, 2020, and 2035 for computation pf economic losses from
increased vehicular operating cost by type vehicle an4 by area.

57. The estimates of economic losses from increased vehicular
operating costs were converted to an average annual equivalent
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Year

1966(1)

1985 (2)

2000

2010

2020

2035
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economic loss for the project life period in accordance with
EM 1120-2-118, Appendix II, and Senate Document 97, 87th Congress,
using an interest rate of 3.25 percent. The average annual equiva-
lent economic loss from increased vehicular operating costs was
estimated at $1,836,000. A summary of the estimates of average
annual equivalent costs to vehicular traffic is given in table 19.

58., Recreation.- A complementary study was made of the
benefits from general recreation and recreation associated with
fish and wildlife resources directly related to the navigation
features of the proposed project. The detailed investigation,
given in exhibit 4 to this appendix, includes a study of the type
of facilities or recreation opportunities provided by the several
features comprising the navigation project. Generally, these
opportunities are associated with the navigation channel, the
slack-water pools created by the navigation dams, and recreational
and sight-seeing facilities provided in connection with navigation
lock structures. The detailed study also includes an investigation
of the increased sport fishing and hunting that would be a direct
result of the construction of the project.

59. Benefits evaluated for recreation activities at facilities
provided by the navigation features of the project are estimated
in accordance with criteria set forth in Senate Document 97,
87th Congress, 2nd Session, "Evaluation Standards for Primary
Outdoor Recreation Benefits." The unit values per recreation day
contained therein range from $0.50 to $1.50. To evaluate these
benefits, the quality of facilities and recreation that would,
be provided by the project were judged to warrant unit values
of $0.75 per day for general recreation and $1.00 per day for
primary sport fishing and hunting activities.

60. The estimated average annual equivalent recreation and
fish and wildlife benefits creditable to the navigation features
of the project are estimated at $3,302,000. The derivation of these
benefits is discussed in exhibit 2atd is summarized in table 20 of this
appendix.

61. Economic development.- In the report of the Board of
Engineers for Rivers and Harbors contained in H. D. 276, 89th
Congress, 1st Session, an evaluation was made of the direct
effect that construction of the multi-purpose project would
have on unemployed labor in ten counties designated as economically
depressed areas by the Area Redevelopment Administration (ARA).
Subsequent to the transmittal of the Trinity River and Tributaries,
Texas report to Congress in 1963, the Public Works and Economic
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Development Act was enacted in 1965,and the administration of the
development program was assigned to the Economic Development
Administration (EDA).

62. For the purposes of reevaluating the navigation economics,
a second complementary study of development benefits was made.
This study incorporated the most recent data available on counties
designated as economically distressed by the Economic Development
Administration. The study also includes the determination of the
probable economic impact that would occur to these distressed
counties because of expenditures from construction, operation and
maintenance of the navigation features of the authorized project.

63. The detailed study, conducted in accordance with the
provisions of Senate Document 97, is contained in exhibit 5 to
this appendix. The economic development analysis presents information
on nine counties now designated as depressed areas under the Public
Works and Economic Development Act of 1965 and contains an evaluation
of the estimated average annual equivalent benefits creditable to
the construction, maintenance and operation of the navigation
features of the authorized project.

64. The average annual equivalent EDA benefits creditable to
the navigation project amount to about $1,565,000 for new
construction, $321,000 for maintenance and operation, or a total
of about $1,886,000 annually.

COMMERCE

65. Existing commerce.- The only existing commerce on the
Trinity River is the traffic moving over the 9 feet deep by 150 feet
wide channel to Liberty project authorized under the Rivers and
Harbors Act of March 3, 1905,as modified by the Rivers and Harbors
Acts of March 2, 1945 and July 24, 1946. This channel is presently
maintained to a 6 foot depth.

66. The analyses of savings in cost to waterway transportation
presented herein exclude the existing and projected commerce estimated
in the report on Trinity River and Tributaries, Texas - Wallisville,
contained in House Document 215, 87th Congress, 1st Session. However,
in order to provide adequate lock capacity to carry the combined
prospective commerce for both the channel to Liberty and the channel
to Fort Worth, Texas, at the Walliaville lock, this commerce was
included in lock capacity studies accomplished for this purpose.

67. Prospective commerce.- For the purposes of this study,
prospective conmierce is considered to be the barge adaptable
portion of the overall traffic moving in the tributary area by
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overland modes of transportation that would be susceptible to
routing and movement, either wholly or in part, on the Trinity
River waterway at less cost than the present mode of movement,
and provided that the degree of potential savings is sufficient
to attract the commerce to the waterway.

68. Traffic analysis.- The initial traffic disclosed by the
field traffic survey was carefully screened to eliminate all
commodity movements that obviously had no potential for being moved
as waterway traffic on the Trinity River project. The balance of
the potential waterway traffic was then subjected to an analysis of
applicable rates and charges to determine the current transportation
charges via the existing routes. These rates and charges were
then compared with estimated rates and charges for shipments via
the proposed Trinity River route, Where portions of the joint
land-water hauls could alternatively move via authorized and
competing waterways, such as the Arkansas River, with its
terminus at Catoosa, Oklahoma, and the Red River, with its terminus
at Daingerfield, Texas, constructed rates and transfer charges via
the alternative routes were compared with similar data via the
Trinity River waterway to determine which route would provide the
least costly total transportation charges. The constructed charges
and rates applied to the waterway movements reflect the weighted
average level for like hauls and distances on other comparable
operating waterways and are based on extensive studies of barge
operating costs and services on the existing waterways. If, by
comparison, the alternative route was found to be less costly,
the prospective traffic was assumed to move by the alternate
route, and was not further considered as prospective commerce
for the Trinity waterway. If the comparison indicated a lesser
cost for movement by the Trinity than by the alternative,. the
traffic was accepted as prospective commerce for the Trinity. In
this case, however, the measure of transportation savings, or
benefits, was computed as the difference in, transportation costs
by the two waterways, rather than the difference in Trinity
waterway movement costs and the existing land transportation costs
for the movement. An example of a comparison of rates for a
specific movement is shown below:

Existing movement-Chicago to Dallas
Barge to Houston; Truck to Dallas--------$16.20

Possible movement-Chicago to Dallas via
Arkansas River; Barge to Muskogee, Okla.;
Truck to Dallas --------------- .'-.---$15.60

Possible movement-Chicago to Dallas
Via Red River-Barge to Jefferson, Tex.;
Truck to Dallas------------------------M$14.46

Possible movement-Chicago to Dallas
Via Trinity River; Barge only-----------$11. 5 2
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The smaller cost via the Trinity ($11.52) as compared to the
Arkansas ($15.60) and the Red ($14.46) would indicate that the
traffic should be claimed as prospective commerce for the Trinity.
The benefits or savings per ton, however, would be the difference
between the lowest alternate rate of $14.46 and $11.52, rather than
the difference between the existing rate of $16.20 and the Trinity
rate of $11.52. Transferhandling, switching, or trucking charges
usedewhere plant locations are not directly accessible to the
water routes, reflect the average level of such charges applicable
to the same commodities at existing regular interchange points
or ports. The field study developed information on the current
pattern of transportation of commodities in the area. This
information included: origins and destinations of commodities,
transportation mode employed, transportation rates, costs of
inter-modal transfer for commodities, switching charges, and
related information pertaining to actual commerce in the area.
Transfer, switching, rates, and handling charges, not developed
by the survey teams, were provided by a rate specialist under
contract for the purpose. Barge rates for traffic to be transported
on the projected waterway were provided by OCE.

69. Accepted waterborne commerce - 1966 conditions.- A field
canvass of traffic and special studies of grain, sand, gravel and
stone, and iron and steel, as described in paragraph 13, were made
in order to evaluate the prospective waterborne commerce. Each
of these studies, conducted concurrently in 1967, and discussed
in detail in the ensuing' paragraphs, includes information on basic
data, basis of analysis, estimates of 1966.base-year traffic,.and
estimates of the traffic accepted as prospective base-year
waterborne commerce.

a. Traffic survey.- A total potential of almost 137
million tons of traffic was reported by respondents to the field
traffic survey as moving in the tributary area in 1966. As
stated in paragraph L5, the raw traffic data were carefully
reviewed by Corps of Engineers' transportation specialists to
eliminate those commodities and movements obviously not suited to
barge movement. The preliminary review left a remaining total
potential traffic volume of almost 24 million tons. This traffic
was then reviewed on a movement and -commodity basis to screen out
traffic that would not move on the waterway for one or more
specific reasons, including such factors as duplication; not
barge adaptable because of special handling requirements;
excessive circuity of routing; insufficient total volume shipped
or necessity for small frequent shipments; and other incidental
reasons such as traffic concentrated at interior points under
transit rates, four-way transfer, insufficient data, etc. The
detailed screening further reduced the potential commerce to
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17.044 million tons accepted for detailed rate analysis. This
traffic was then posted to rate analysis sheets, as illustrated
in figure 4, for analysis of commodity movements by origin and
destination to determine by what route and mode of transport and
what transportation cost would govern each movement. With the
further eliminations by the detailed rate analysis because of
insufficient or no savings, the 1966 base year traffic finally
accepted as prospective waterway commerce totaled about 1.932
million tons, exclusive of grain (wheat and grain sorghum) and
sand, gravel, and stone.

b. Grain (wheat and grain sorghum).- Detailed
information on the field traffic study, market analysis,
producing areas, mode of transport and distribution of grain is
given in exhibit 1 to this appendix. The available statistics
on grain production for past years were reviewed and it was
determined that, for various reasons, the use of 1965 data as
a representative grain production year for base-year traffic
analysis was more appropriate than averaging data for a number
of years. Further, the 1965 production year is recent enough
to obtain reasonably accurate information on the movement of
grain from the tributary area to established markets. Accordingly,
1965 was selected as the base year for estimating prospective
grain commerce. The grain study shows that about 31 percent of
the wheat and 4 percent of the grain sorghum produced moves into
the export.market by truck. Also, it was found that only this
increment of grain movement is acceptable as prospective commerce
for waterway movement. Table 11 of exhibit 1 shows that about
9.841 million tons of wheat and 8.495 million tons of grain
sorghum were produced in the tributary area in 1965. Market
and transportation pattern studies found 69. percent of the wheat
and 96 percent of the grain sorghum was not potential waterborne
commerce since this' traffic was moving to domestic markets or moving
to export by rail and truck and, for a number of reasons, would
not change its pattern of movement. The remaining traffic of 4.426
million tons of wheat and 0.308 million tons of grain sorghum was
subjected to a detailed rate analysis. Grain traffic eliminated
because of no savings, insufficient savings and volume resulted
in a total accepted prospective grain commerce of 0.719 million
tons of wheat and 0.123 million tons of grain sorghum. All of
this prospective traffic is downbound from the producing area via
the Trinity River waterway to export points on the Texas G4lf
Coast.

c. Sand, gravel and stone.- The analysis of 1966 base-
year prospective commerce in sand, gravel and stone, given in detail
in the supplement II to exhibit 2, is based on a regional market
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analysis of resources, movement patterns and market demands, as
developed by the resource analyst in his sand, gravel and stone
study. By his studies, it was found that -the primary sources of
sand and gravel in the Houston-Galveston Region will be depleted
by the year 2000 while the primary sources of sand and gravel in
the Dallas--Ft. Worth Region will be depleted by the year 1980.
The potential base-year commerce.(1966) was estimated on the basis
that the existing primary sources did not contribute to supplying
the market demands in 1966. Upon depletion of these primary sources,
production from alternate sources was estimated by analyzing the
future reserves of sand, gravel, egone and shell to determine the
distribution of th:Ls production that would serve the regional
markets. The, sand and gravel production, developed from the analysis
of future production areas, for base year estimating purposes, is
considered asA966 production from these areas. The distribution
of this future production based on 1966 production figures is shown
on tables 2, 3, 5 and 6-in supplement II to exhibit 2 for each of the
consuming. regions. Therefore, ..from this. analysis it was determined
that the sand and gravel deposits, located along the Trinity River,
will become one of.the primary sources of supply for this material
in competition with alternate sources of supply, including
substitute materials that probably would have supplied the regional
markets in the base year 1966. The 6.10 million tons accepted
for rate analysis includes 3.10 million tons of sand and gravel
moving upbound to the Dallas-Fort Worth Region. This production
represents about 48 percent of the former production of the primary
sources in this region and is production developed at the Trinity
River deposits for this study. The remaining 3.00 million tons moving
downbound into the Houston-Galveston Region consists of 0.90 million
tons.of actual 1966 production and 2.10 million tons of developed
sand and gravel production which represents about 30 percent of
the former production of the primary sources in this region. The
rate analysis eliminated an additional 0.90 million tons because
of no savings. The estimated waterway traffic in sand, gravel and
stone amounts to, 2.1 million tons moving downbound to the Houston-
Galveston Region market area concurrently with 3.1 million tons
moving upbound to the Dallas-Fort Worth Region market area for a
total of 5.2 million tons of 1966 base year prospective commerce
in sand, grwuel and stone.

d. Iron and steel.- Conventional traffic survey methods
of developing estimates of prospective iron and steel traffic
were employed as described in paragraph 68. However, as discussed
in paragraph 19, because of the relative economic importance of this
traffic to the waterway, it was considered appropriate that additional
market studies be made to assure reliability of the estimates of
this traffic accepted for waterborne movement. A professional
market analyst was directed to investigate iron and steel traffic
moving into the tributary area from producing areas as a check of
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the field traffic survey data obtained primarily from consumers. In
addition, he was directed to investigate the basic characteristics
of the iron and stee business in the tributary area; particularly,
with respect to the role that petroleum related steel has in the
industry. The analyst has shown in table 31 of exhibit 3 that his
base year estimate of iron and steel commerce subject to a detailed
rate analysis amounts to 1.345 million tons, which is in reasonable
agreement with the 1.267 million tons derived in the field traffic
survey; further, he has shown that petroleum related steel is a
relatively minor item in the overall regimen of the iron and steel
business in the tributary area, with a diminishing importance in
future traffic patterns. It should be noted that the analyst uses
a different method of projection for estimates of future commerce
than the Corps' method used in the traffic analysis presented
herein, and variance .in the magnitudes of traffic developed by
both methods for the 69-year period (1966-2035) covered are
attributable to the different projection methods, rather than
differences in base year traffic estimates. In view of the
minor role of petroleum related iron and steel in the overall
traffic in these commodities, this increment of iron and steel
traffic was included in the overall analysis of iron and steel
commerce and was not analyzed separately.

70. Summary of accepted waterborne commerce - 1966 conditions.-
A summary statement by commodities, of all estimated tonnage
collected from all sources of informationand tonnages.eliminated to
derive the 1966 base year commerce accepted for the project channel
is given in table 13. An upward adjustment of 10 percent has been
made on traffic accepted for waterway movement on the basis of
the field traffic survey to allow for traffic undisclosed by the
field canvass of traffic. This adjustment was not made for the
base year commerce in wheat and grain sorghum and sand, gravel
and stone traffic, which were derived by statistical analysis
rather than by the field traffic canvass.
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TABLE 13

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SUMMARY OF TRAFFIC DEVELOPED, SCREENED, ANALYZED, AND ACCEPTED AS
PROSPECTIVE TRAFFIC BY COMMODITIES - 1966 COMMERCE

(TonsUo& 2,O00 Pounds)
Sheet 1 of 8

Total
Frequency Not Accepted

C- oodity

Farm Products
Cotton, raw
Barley and rye
Corn

Oats
Rice, rough, husked, & milled
sorghum grain (10)wheat (10)
Soybeans
Oilseeds, not elsewhere classified
Hay and fodder
Field crops, not elsewhere classified
Fresh fruits and tree nuts, except

bananas and plantains
Coffee, green
Fresh and frozen vegetables
Animals and animal products

not elsewhere classified

Sub-Total
Forest Products

Crude rubber and allied gums

Sub-Total

Fresh Fish and Other Marine Products
Marine shells, unmanufactured

Sub-Total
Metallic Oren

Iron are and concentrates

Sub-Total

Bituminous coal and lignite

Sub-Total

Total Total o nL Barge Excessive Insuffilient For Rate No Insufficient Total
Reported Developed Shiuaents Adaptable Circuity Voluae Other Analysis Savings Savings Other Accepted

1,118,648 314,602 314,602 0 0
130,756 2,640 640 2,000 (1) 0 0

67,0+2 45,730 6,320 750 11,660 (1)

6,048 1,880 420 500 960 0
457,450 17,800 4,800 13,000 13,000 0

8,495,000 308,000 308,000 70,000 .25,000 15,000 (3 198,000
9,841,000 3,025,000 3,025,000 1,720,000 194,000 6,000 (3) 1,105,000

47,350 7,600 1,200 6,400 (1) 0 0
9,900 0 0 0

15,876 0 0 0
135 0 0 0

6,783 2,700 2,700 0 0
95,500 500 500 0 0
14,859 0 0 0

1,389 1,301 520 781 0 0

20,307,736 3,727,753 15,900 314,602 1,200 2,031 35,020 3,359,000 1,803,000 219,000 21,000 1,316,000

24,280 24,030 30 24,000 24,000

24,280 24,030 30 24,000 24,000

6,100,000 0 0 0

6,100,000 0 0 0

13,117 0 0 0

13,117 0 0 0

18,000 13,800 1,800 (1) 0 0
12,000 (2)

18,000 13,800 13,800 0 0

A



TABLE 13 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SUMARY OF TRAFFIC DEVELOPED, SCREENED, ANALYZED,
PROSPECTIVE TRAFFIC BY COMMODITIES - 1966

" (Tons of 2,000 pounds)

AND ACCEPTED AS
COMMERCE

Ocumodity

Crude Petroleum

Crude petroleum

Sub-Total

Ronetalic Minerals, Txocept Fuels

Limestone flux and calcareous -tone

Building stone, unworked
Crushed and broken stone
Sand and gravel (10)

Clay, ceramic and refractory materials

Phosphate rock
Salt
Sulphur, dry
Sulphur, liquid
Sypsu and plaster rock
Nonsetellic minerals, except
fuels, not elsewhere classified

Sub-total

Food and Kindred Products

Meat, fresh, chilled, or frozen
Meat and meat products prepared or

preserved, including canned
meat products

Animal by-products, not elsewhere
classi fled

wxiry products, except dried milk and

Fist and fish products, prepared
or preserved, except shellfi oh

Veg-tables, canned
Vegetables and preparations,

otherwise prepared and preserved
Fruits, frozen
Fruit, canned
Fruzit and vegetable juices
Wheat flour and semolina

Prepared animal feeds

Frequency Not Accepted
Total Total Of &sal1l Barge Excessive Insufficient For Rate No Insufficient Total

Reported Developed Shipments Adaptable Circuity Volume Other Analysis Savings Savings Other Accepted

20,137,656 1,822 1,822 0 0

20,137,656 1,822 1,822 0 0

3,425,768 15,378 3,660 3,918 (1) 7,800 7,800 0
1,126 515 515 0 0

6,590,000 40,000 40,000 40,000 0
17,530,000 13,660,000 950,000 (4) 6,100,000 900,000 5,200,000

4,610,000 (5)

1,008,798 18,160 8,920 360 2,880 (1) 0 0
6,000 (4)

569,900 169,900 400 169,500 10,000 159,500
23,610 3,100 2,520 580 0 0

2,750,100 100 100 0
68,500 0 0 0
79,560 37,100 600 36,500 0 0

177,408 10,367 4,480 3,200 600 1,087 (1) 1,000 1,000

32,224,770 11,954,620 20,680 36,500 3,200 2,055 5,573,885 6,318,300 957,800 0 5,360,500

43,900

5,300

8,150

6,610

1,750
1,890

4,930
200
870

1,400
562,712

1,341,741

500

8,150

520

1,400
945

3,050
0
0

600
150,300

102,706

500

8,150

520

945

50

1,400

600

22,350

3,000 (6)

138,300 (6)
12,000 (1)

676 8,680 (1)
12,000 (2)

0

0

0

0
0

0
0
0
0
0

59,000

0

0

0

0
0

0
0
0
0
0

35,00024,000

Sheet 2 of 8
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TABLE 13 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SUMMARY OF TRAFFIC DEVEWAPED, SCREENED, ANALYZED, AND ACCEPTED AS
PROSPECTIVE TRAFFIC BY COMMODITIES - 1966 COMMERCE

(Tons of 2,000 pounds)

Sheet 3 of 8
Total

Frequency Not Accepted
Total Total Of Snall Barge Excessive Insufficient For Rate No Insufficient Total

Ccmodity Reported Developed Sipments Adaptable Circuity Volume Other Analysis Savings Savings Other Accepted

Food and Kindred Products (can't)
Grain mill products, not elsewhere

classified

Sugar
Molasses, inedible
Alcoholic beverages
Beverages, nonalcoholic; flavoring syrups

and extracts
Vegetable oils, all grades; margarine and

shortening
Animal oils and fats, not elsewhere

classified, including marine
Coffee, roasted
Miscellaneous food products

Sub-Total

Basic Textiles
Basic textile products, except textile

fibers
Textile fibers, not elsewhere classified

Sub-Total

Lumber and Wood Products
Timber, posts, poles, piling, and other

wood in the rough
Pulpwood
Lumber

Veneer, plywood, and other worked wood
Wood manufactures, not elsewhere classified

Sub-Total
Furniture and Fixtures

Furniture and fixtures

Sub-Total

18,197

1,255,517
178,127

57,029

2,230

162,390

9,200
30,000

113,237

3,680
81,590
43,727

160

69,788

9,200
0

4,120

3,680

41,490

16,513

800

1,500 1,617 14,000 (1) 32,000
60,000 (2)

0
1,600 (]) 38,500

43,727 0

160

400

0

2,625 (1) 50,250

8,400
0

20,000

8,900

45,000

8,400

12,000

0
29,600

0

0

5,250

0
0

147,782 18,322 16,722 1,250 350 0 0

4,002,925 607,875 108,175 51,877 2,750 4,718 252,205 188,150 106,300 81,850

56,840 13,525 9,760 1,250 1,315 1,200 (1) 0 0
33,361 27,781 10,796 1,985 15,000 (6) 0 0

90,201 41,306 20,556 1,250 3,300 16,200 0 0

227,700
293,980
328,361

25,693

49,900
113,740

51,598

6,762

2,500
700

40,454

4;656

7,350

6,120

40,050
113,040

1,524 1,100 (4) 0
2,400 (1)

1,506 600 (1) 0

40,050
113,040

0
0
0

0
268,304 30,720 13,040 2,080 15,600 15,600 0

1,144,038 252,720 61,350 15,550 3,030 4,100 168,690 168,690 0

40,125 200 200 0 0

40,125 200 200 0 0



TABLE 13 (Cont!d)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SUMMARY OF TRAFFIC
PROSPECTIVE

DEVELOPED, SCREENED, ANALYZED, AND ACCEPTED AS
TRAFFIC BY COMMODITIES - 1966 .COMMERCE

(Tons of 2,000 pounds)

Saeet. 4 of 8

Total
Frequency Not Accepted

Total Total Of Beall Barge Excessive Insufficient For Rate No Insufficient Total
Commodity Reported Developed Shipments Adaptable Circuity Voluae Other Analysis Savings Savings Other Accepted

Pulp, Paper and Allied Products
Pulp
Standard newsprint paper
Paper and paperboard
Pulp, paper and paperboard products

not elsewhere classified

Sub-Total

Printed Matter
Printed matter

Sub-Total

Chemicals and Related Products
Sodium hydrcocide (caustic soda)
Crude products from coal tar,

petroleum, and natural gas
Dyes, organic pigent, dyeing

and tanning materials
Alcohols
Sulphuric acid
Benzene
Basic chemicals and basic chemical

products, not elsewhere classified

Plastic materials, regenerated
cellulose and synthetic resi,
including film, sheeting, and
laminates

Synthetic rubber
Synthetic (man-made) fibers
Drugs (biological products,

medicinal chemicals, botanical
products and pharmnceutical
preparations)

Soap, detergents, and cleaning
preparations; perfumes,
cosmetics and other toilet
preparations

Paints, varnishes, lacquers, enamels,
and allied products

2,500
402,504
748,647

542,926

0
222,834
429,500

139,070

9,988
27,620

27,895

23,764
x6,500

12,480

3,185
2,292

2,855

0
185,897

12,000 (1) 338,088
3,000 (7)

95,840

103,969
317,688

95,840

0
81,928
20,400

0

1,696,577 791,404 55,515 82,744 8,332 24,988 619,825 517,497 102,328

21,282 2,624 2,624 0 0

21,282 2,624 2,624 0 0

365,209

2,503,540

8,420
4,550

247,600
72,000

5,488,157

42,709

40

1,240
1,050

55,200
0

129

40

1,000

5,200

476,299 33,890 18,000 2,000

389,640 90,092 27,592
311,042 21,552 3,480

2,132 1,032 782

295

2,650

57,276

50,000
18,000

240
1,050

5,249 20,000 (6)
26,130 (1)

72
250

42,580

0

0
0

50,000
0

371,030

12,500
0
0

10,000 32,580

0

0
0

50,000
0

155,080

12,500
0
0

215,950

0

2,050 1,50

14,890 14,430

550

460

0 0

0 0



TABLE 13 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUA'ION OF NAVIGATION FEATURES

SUMMARY 'OF TRAFFIC DEVELOPED, SCREENED, ANALYZED, AND ACCEPTED AS
PROSPECTIVE RAFFIC BY COMMODITIES - 1966 COMMERCE

(Tons of 2,000 pounds)

set S of 8

Total
Frequency Not Accepted

Total Total Of Small Barge Excessive Insufficient For Rate No Insufficient Total
Cmodity Reported Developed Shipments Adaptable Circuity Volume Other Analysis Savings Savings Other Accepted

Chemicals and Related Products (Cont'd).
Gum and wood chemicals
Nitrogenous fertilizer and fertilizer

materials, manufactured
Superphosphate

"r Phosphatic fertilizer and fertilizer
materials, not elsewhere classified

Ammonium sulphate, all grades

Insecticides, fungicides, pesticides,
and disinfectants

Fertilizers and fertilizer materials,
not otherwise classified

Miscellaneous chemical products

Sub-Total

Petroleum and Coal Products
Gasoline
Jet Fuel
Lubricating oils and greases
Naphtha and other petroleum solvents
Asphalt, tar, and pitches
Liquefied petroleum gases, coal gases,

natural gas, and natural gas
liquids

Asphalt building materials
Petroleum and coal products, not

otherwise classified

Sub-Total

Rubber and Miscellaneous Plastics Products
Rubber and miscellaneous plastic

products

Sub-Total

Leather and Leather Products
Leather and leather products

Sub-Total

1,182

225,250
11,000

151,263
8,000

7,231

364,458

321,713

810

33,450
11,000

151,263
8,000

6,070

175,725

186,411

800

6,360 12,000

44,925

37,115

810

650
2,000

6,000

110,996

70

740

94

6,000 (2)

3,000 (2)
3,000 (2)

560 (1)
4,000 (2)

806 (2)
13,400 (1)

0

32,000
3,000

129,903
5,000

0

125,500

24,000

17,000
3,000

3,000

30,500 10,000

0

15,000
0

126,903
5,000

a

85,000

24,000

10,542,608 1,278,883 175,614 30,000 188,996 10,364 78,396 795,513 279,450 10,000 506,063

522,012 0 0 0
600 600 600 0 0

85,880 13,080 12,480 600 0 0
19,910 7,000 7,000 7,000

598,464 67,345 66,500 845 0 0

385,541 38,060 38,060 38,060 0
160,199 19,800 19,400 400 0 0

23,066,285 7,515 2,280 235 5,000 (6) 0 0

24,838,891 153,400 100,660 2,680 5,000 45,060 38,060 7,000

95,903 3,525 2,980 500 45 0 0

95,903 3,525 2,980 500 45 0 0

928 460 460 0 0

928 460 460 0 0



TABLE 13 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SUMMARY OF TRAFFIC DEVEIIPED, SCREENED, ANALYZED, AND ACCEPTED AS
PROSPECTIVE TRAFFIC BY COMMODITIES - 1966 COMMERCE

(Tons of 2,000 pounds)

Oceaodity
Stone, Clay, and Glass Products

Glass and glass products
Building cement
Structural clay products, including

refractories
Lime
Cut stone and stone products
Miscellaneous nonmetallic mineral

products

Sub-Total
Primary Metal Products

Pig iron
Slag
Coke, screenings and breeze
Iron and steel ingots, and other

primary forms, including blanks
for tube and pipe, and sponge iron

Iron and steel bars, rods, angles,
shapes and sections, including
sheet piling

Iron and steel plates and sheets
Iron and steel pipe and tube

Ferroalloys
Primary iron and steel products,

not elsewhere classified, in-
cluding castings in the rough

Nonferrous metals primary smelter
products, basic shapes, wire,
castings and forgings, except
copper, lead, sine and alumim n

Copper and copper alloys, whether
or not refined, uncorked

Lead and sine including alloys,
unworked

Aluminum and alusinem alloys,
uncorked

Sheet 6 of 8

Total
Frequency Not Accepted

Total Total Of Small Barge Excessive Insufficient For Rate No Insufficient Total
Reported Developed aSipments Adaptable Circuity Volume Other Analysis Savings Savings Other Accepted

34,244
2,462,451

591,651
15,600
1,541

1,241,412

24,875
99,824

151,538
15,000

15

71,059

4,346,899 362,311

23,788 21,360
21,300 17,500
13,353 11,973

6,240

975,749 605,633

373,314 216,519
1,092,715 148,074

20,130 17,130

5,331,517 462,299

86,143

41,933

115,924

121,503

51,338

17,230

30,069

73,799

180

600

16,488

24,060

1,000 67,100

635
224

7,410 2,200

15

829

0
99,000

125,440
15,000

0

2,130 (2) 0

18,268 91,160 7,410 3,903 2,130 239,440

15,480

2,280

49,777

33,811
41,904

1,500

62,218

24,692

16,330

19,937

6,309

17,500
3,800

680 5,200 (7) 0
0

973 3,120 (2) 1,800

2,571 1,137 (1) 545,048
7,100 (2)

2,649 133 4,129 (2) 175,797
22,875 1,393 2,100 (1) 62,302

15,000 (2)
2,500 (6)

15,630 (2) 0

13,695 4,623 14,339 (1) 106,200
88,724 (2)

156,000 (7)
16,500 (8)

9,100

900

27,200

426 17,L20

0

820 600 (1) 8,712

790 10,000 (1) 29,500.

125,440
15,000

140,440

1,800

23,090

14,480
29,620

C
99,000

0
C
0

0

99,000

0
C
0

C

31,438

9,805

490,520

151,512
32,682

0

106,200

3,000

0

1,712

29,500

11,970 2,150

7,000

sob-Total 8,223,629 1,672,924 274,238 97,719 12,409 342,079 946,479 87,962 43,393 815,126

U'

Sub-Total 8,223,609 1,672,924 274,238 97,719 12,409 342,079 946,479 87,960 43,393 819,126



TABLE 13 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

Connodity
Fabricated Metal Products, except
Ordance. Machinery, and Transportation
Equipment

Metal containers
Cutlery, hand tools, and general

hardware
Plumbing fixtures, heating equipment

and sanitary ware
Miscellaneous fabricated metal prod'.2ts

Sub-Total
Machinery, except Electrical

Machinery, except electrical

Sub-Total
Electrical Machinery, Equipment and Supplies

Electrical machinery, equipment
and supplies

Sub-Total

Transportation Equipment
Motor vehicles, parts and equipment
Aircraft and parts
Ships and boats
Miscellaneous transportation equipment

Sub-Total

Instruments, Photographic and Optical Goods,
Watches and Clocks

Instruments, photographic and optical goo
watches and clocks

SI4MARY OF TRAFFIC DEVELOPED, SCREENED, ANALYZED, AND ACCEPTED AS
PROSPECTIVE TRAFFIC BY COMMODITIES - 1966 COMMERCE

(Tons of 2,000 pounds)
Sheet 7 of 8

Total
Frequency Not Accepted

Total Total Of Snall Barge Excessive Insufficient For Rate No Insufficient Total
Rereported Developed Shipments Adaptable Circuits Volume Other Analysis Savings Savings Other Accepted

92,424 20,176

7,432

8,711 10,000

0

40,223 2,700
76E ,249 84,211

2,700
47,629

505 960'(7) 0

0

2,265 9,375 (1)
1,042 (2)

500 (7)

0
23,400 8,400 15,000

0

0

0
0

906,328 107,087 59,040 10,000 2,770 11,877 23,400 8,400 15,000 0

235,081 35,889 3,290 2,750 3,271 4,093 (1) 0 0
16,485 (2)

6,000 (8)

235,081 35,889 3,290 2,750 3,271 26,578 0 0

34,302 0 0 0

34,302 0 0 0

11,707 1,487 387 1,100 (1) 0 0
4,045 250 250 0 0

25,120 40 40 0 0
8,566 0 0 0

49,438 1,777 677 1,100 0 0

ds,
267 0 0 0

Sub-Total 267 0 
0 

0

0

Sib-Total 267 0 0 0



TABLE 13 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SUMMARY OF TRAFFIC DEVELOPED, SCREENED, ANALYZED, AND ACCEPTED AS
PROSPECTIVE TRAFFIC BY COMMODITIES - 1966 COMMERCE

(Tons of 2,000 pounds)

Sheet of 8
Total

Frequency Not Accepted
!otal Total Of Small Barge xcessive Insufficient For Rate No Insufficient Total

Cusmodity Reported Developed Shipments Adaptable Circuity ._ Volume Other Analysis Savings Savings Other Accepter

Miscellaneous Products of Manufacturing
Miscellaneous Products of Manufacturing 87,660 81,100 9,600 1,500 70,000 (7) 0 0

Sub-Total 87,660 81,100 9,600 1,500 70,000 0 0

Waste and Scrap Materials
Iron and steel scrap 1,417,478 364,937 18,800 100,031 524 10,906 (1) 227,400 104,400 123,000

6,976 (2)
300 (7)

Nonferrous metal scrap 100,440 5,480 4,080 500 900 (1) 0 0
Textile waste, scrp, and sweepings 2,400 0 0
Paper waste and scrap 238,342 42,934 250 1,500 (7) 41,184 41,184 0
Waste and scrap, not elsewhere

classified, including ashes,
rubbish, garbage 830 630 630 (2) 0 0

Sub-Total 1,759,490 413,981 22,880 100,031 1,274 21,212 268,584 145,584 123,000

Ccmodities - N.E.C. 193,187

Sub-Total 193,187

GRAND TOTAL ALL TRAFFIC,
WATERWAY TERMINATING AT
FORT WORTH, TEXAS 136,942,111 21,529,491 953,852 525,389 512,850 62,389 6,478,570 12,996,441 4,253,181 287,393 21,000 8,628,054 (9)

(1) Insufficient data
(2) Red River traffic
(3) Insufficient tonnage
(4) Creditable tp Channel to Liberty
(5) Creditable to Channel to Victoria
(6) Subject to transit rate
(7) Duplication
(8) Arkansas River traffic
(9) An adjustment of 10 percent has been added to the tonnage of all

ccmeodities, except grain sorghum and wheat and sand and gravel,
to allow for traffic undisclosed by the field survey.

(10) Included in the table to show total commodity movements only. The
estimated tonnages for these comodities were developed by analytical
procedures in the special studies rather than through the field traffic survey.

N



ESTI ATES OF BENEFITS

71. Naviat:Lon benefits.- The rate analysis sheets for each
movement of commodities accepted as prospective commerce, as shown
in column 13 of table 13, were posted to traffic work sheets of
accepted commerce, The work sheets contain the commodity by
individual movement, direction of movement, tonnage accepted,
savings in transportation costs, and the economic indicator
assigned. An example of a traffic work sheet is given in figure 5.

72. The total accepted 1966 annual commerce and savings were
aggregated by commodity class, commodity, and direction of movement,
to develop the traffic pattern for the base year traffic. The
total prospective commerce is shown in table 14.

198



FIGURE 5

TRINITY RIVER' AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

EXAMPLE OF TRAFFIC WORK SHEET

ACCEPTED TRINITY RIVER WATERWAY COMMERCE - 1966

Economic
Sheet Indicator

No. Commodity Movement Tonnage Savings Used

Caustic Soda (Liquid)

Caustic Soda (Liquid)

Caustic Soda (Liquid)

Caustic Soda (Liquid)

Caustic Soda (Liquid)

Sulfuric Acid

Soda Ash

Soda Ash

Soda Ash

Soda Ash

Soda Phosphate

Phosphoric Acid

Formalin

Isopropyl Alcohol

Isopropyl Alcohol

Soda Ash

Up

Up

Up

Up

Up

FW

Up

Up

Up

Up

D

Up

Up

Up

Up

Up

-D

-D

-D

-FW

-D

- Dwn.

-D

-D

-D

-D

-Dwn.

- Tr

-D

-D

- Tr

-O

11,000

2,080

6,000

3,500

6,000

50,000

20,500

6,000

6,000

6,000

5,880

60,000

5,000

8,000

8,000

12,000

$50,400

10,600

27,500

21,700

35,300

77,000

208, 500

25,400

21,400

15,700

14,300

235, 200

31,900

33,800

4,500

13,100

Manufacture

Manufacture

Manufacture

Manufacture

Manufacture

Manufacture

Manufacture

Manufacture

Manufacture

Manufacture

Manufacture

Farm

Manufac ture

Manufacture

Manufacture

Manufacture

TOTALS THIS PAGE FOR EACH INDICATOR:

Farm Products Tons 60,000
Savings 235,200

New Construction Tons 0
Savings_

Manufacture Tons 155,960
Savings 591,100

Population Tons 0
Saving_

199

767

1603

3390

3413

3413

2129

250

1368

1368

1368

1368

1530

1583

1667

1667

3260



TABLE 14

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

ACCEPTED PROSPECTIVE COMMERCE AND SAVINGS IN TRANSPORTATION CHARGES
(1966 commerce)

Sheet 1 of 3

UPBOUND DOWNBOUND TOTAL
Traffic. Savings Traffic Savings Traffic Savings

Commodity (Net tons) (Dollars) (Net tons) (Dollars) (Net tons) (Dollars)

Farm Products
Corn 13,000 44,300 13,000 44,300
Wheat (1) - - 1,105,000 719,000 1,105,000 719,000
GraIn Sorghum (1) -198,000 123,000 198,000 123,000

Subtbtal 13,000 $ 44,300 1,303,000 $ 842,000 1,316,000 $ 886,300

Forest Products
Crude Rubber 24,000 133,900 24,000 133,900

Subtotal 24,000 $ 133,900 24,000 $ 133,900

Non-Metallic Minerals
Perlite - 1,000 2,200 1,000 2,200
Phosphate Rock 159,500 189,500 159,500 189,500
Sand & Gravel 3,100,000 3,383,000 2,100,000 1,281,000 5,200,000 4,664,000

Subtotal 3,259,500 $3,572,500 2,101,000 $1,283,200 5,360,500 4,855,700

Food & Kindred Products
Cottonseed Oil 5,250 16,000 5,250 16,000
Fish Meal .15,000 11,300 - - 15,000 11,300
Meal,& Feed 15,000 32,100 - 15,000 32,100
Molasses, Inedible 29,600 77,900 - 29,600 77,900
Rice Feed . 5,000 3,600-- 5,000 3,600
Soybean Meal 12,000 21,800 - - 12,000 21,800

Subtotal 76,600 $ 146,700 5,250 $ 16,000 81,850 $ 162,700



TABLE 14 (CoNr'D)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

ACCEPTED PROSPECTIVE COMMERCE AND SAVINGS IN TRANSPORTATION CHARGES
(1966 commerce)

Sheet 2 of 3
UPBOUND DOWNBOUND TOTAL

Traffic Savings Traffic Savings Traffic Savings
Commodity (Net tons) (Dollars) (Net tons) (Dollars) (Net tons) (Dollars)

Chemicals & Related Products
Ammonium Phosphate - - 104,403 47,000 104,403 47,000
Amomnium Sulfate 5,000 8,500 - - 5,000 8,500
Caustic Soda 45,280 233,800 - - 45,280 233,800
Malamin Crystals 3,000 11,900 - - 3,000 11,900
Phosphate 22,500 105,100 - - 22,500 105,100
Phosphoric Acid 60,000 235,200 - 60,000 235,200
Polyethylene Pellets 7,500 26,000 - - 7,500 26,000
Polyvinyl Choride Resin
Compound 5,000 1,300 - - 5,000 1,300

Soda Ash 63,500 328,100 - - 63,500 328,100
Soda Phosphate - - 5,880 14,300 5,880 14,300
Sulfuric Acid 50,000 77,000 50,000 77,000
Misc. Chemical Products 34,000 177,600 - - 34,000 177,600

Pulp, Paper & Allied Products

Bond Paper 8,400 34,900 - - 8,400 34,900

Newsprint 77,098 114,300 4,830 6,300 81,928 120,600
Printing Paper -12,000 43,100- - 12,000 43,100

Subtotal 97,496 $ 192,300 4,30 $ 6,300 102,328 $ 19,60
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TABLE 14 (CONT'D)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

ACCEPTED PROSPECTIVE COMMERCE AND SAVINGS IN TRANSPORTATION CHARGES
(1966 commerce)

Sheet 3 of 3

UPBOUND DOWNBOUND TOTAL
Traffic Savings Traffic Savings Traffic Savings

Commodity (Net tons) (Dollars) (Net tons) (Dollars) (Net tons) (Dollars)

Petroleum & Coal Products
Solvents 7,000 46,000 - - 7,000 46 ,000

Subtotal 7,000 $ 46,000 - - 7,000 $ 46,000

Primary Metal Products
Lead Ingots - - 1,712 5,300 1,712 5,300
Aluminum & Aluminum Alloys 29,500 58,900 - - 29,500 58,900
Iron & Steel Articles 750,432 1,888,500 800 1,400 751,232 1,889,900
Pipe, Iron & Steel 32,682 161,000 - - 32,682 161,000

Subtotal 812,614 $2,108,400' 2,512 $ 6,700 815,126 #2,115,100

Stone, Clay & Glass Products
Cement - - 99,000 104,900 99,000 104,900

Subtotal - - 99,000 $ 104,900 99,000 ~104,900

Waste & Scrap Materials
Scrap, Iron & Steel - - 123,000 290,200 123,000 290,200

Subtotal - - 123,000 $ 290,200 123,000. 290,200

Miscellaneous
Commodities - N.E.C. 1145,099 400,100 48,088 70,800 193,187 470,900.

Subtotal 145,099 $ 400,100 48,088 $ 70,800 193,187 $ 470,900

Grand Total 1+696 9091 $7.78 000 $2 90r .oo 8.628- 1()$ - c 6 o4 ()

(1) 1965 Commerce
(2) An adjustment of 10 percent

grain sorghum and wheat and
has been added to the tonnage and savings of all commodities, except
sand and gravel, to allow for traffic undisclosed by the field survey.
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73. Projection of waterborne commerce.- Estimates of average
annual savings to transportation over the 50-year project life are
based on projections of base year tonnage and savings to trans-
portation over this period. The projection indicators are based on
estimates of economic development within the traffic area that
will probably occur over the same period as discussed in paragraphs
33 through 36. Accordingly, individual commodities and savings
of the accepted 1966 prospective commerce were allocated to major
indicators on the basis of the indicator that most nearly represents
the sector of the economy that controls the movement of the specific
commodity. The accepted 1966 prospective commerce,as given in
table 14,is allocated by commodity, tonnage, and savings for the
project channel in table 15.
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TABLE 15

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

ALLOCATION OF PROSPECTIVE COMMERCE TO MAJOR INDICES

POPULATION VALUE ADDED BY MAUFACTURE SHIPME S OF IRON AND STEEL VALUE OF FARM PRODUCTS SOID

COMMODITY TONS SAVINGS CCWCODITY TONS SAVINGS CtMODITY TONS SAVINGS COICVITY TONS SAVINGS

Bond Paper 8,400 $ 34,900 Aluminum & Aluminum Iron & Steel Articles 751,232 $1,889,900 Ammonium Phosphate 104,403 $ 47,000
Cotton Seed Oil 5,250 16,000 Alloys 22,000 $ 55,100 Pipe, Iron & Steel 32,682 161,000 Ammonium Sulfate 5,000 8,500
Newsprint 81,928 120,600 Caustic Soda 45,280 233,800 Scrap, Iron & Steel 123,000 290,200 Corn 13,000 44,300
Perlite 1,000 2,200 Cement 99,000 104,900 Commodities NEC 90,692 234,100 Fish Meal 15,000 11,300
Printing Paper 6,000 18,100 Crude Rubber 24,000 133,900 Fertilizer (Urea) 100,000 155,300
Coaodities NEC 10,258 19,200 Lead Ingots 1,712 5,300 Meal & Feed 15,000 32,100

Malamin Crystals 3,000 11,900 Molasses (Inedible) 29,600 77,900
Misc. Chemical Phosphate 22,500 105,100

Products 34,000 177,600 Phosphate Rock 159,500 189,500
Polyvinyl Chloride Phosphoric Acid 60,000 235,200

Resin Compound 5,000 1,300 Rice Feed 5,000 3,600
Polyethylene Pel- Soybean Meal 12,000 21,800

lets 7,500 26,000 Cmodities NEC 54,100 93,200
Printing Paper 6,000 25,000
Soda Ash 63,500 328,100
Soda Phosphate 5,880 14,300
Solvents 7,000 46,000
Sulfuric Acid 50,000 77,000
Commodities NEC 37,387 124,000

TOTALS(1) 112,836 $ 211,000 TODALS(1) 411,259 $1,364,200 TOALS(1) 997,606 $2,575,200 TOmIS (1) 595,103 $1,024,800

VALUE OF NEW CONSTRUCTION CONTRACTS EXPORT WHEAT EXPORT GRAIN SORGHUM

COMMODITY TONS SAVINGS COMMODITY TONS SAVINGS COMMODITY TONS SAVINGS

Sand & Gravel 5,200,000 :4,664,000 Wheat 1,105,000 $ 719,000 Grain Sorghum 198,000 $ 123,000
Aluminum & Aluminum

Alloys 7,500 3,800
Commodities NEC 750 400

TOTAIS (1) 5,208,250 $4, 668,200 TOTALS 1,105,000 $ 719,000 TOTALS 198,000 $ 123,000

(1) An adjustment of 10 percent has been added to the accepted tonnage and savings of all comodities except grain sorghum and wheat and
sand and gravel, to allow for traffic undisclosed by the field survey.



74. The projection factors for each economic indicator,as
shown in table 8,are used to project the corresponding tonnages
and savings of the 1966 prospective coerce accepted for the
proposed project as allocated in, table 15. The projected tonnages
and savings associated with each economic indicator are given for
selected years in table 16.

75. Average annual equivalent gross transportation benefits.-
The benefits from the reduction in transportation costs must be
expressed as an average annual equivalent uniform level of benefits
for comparison with uniform level annual charges over the project
life. In accordance with procedures given in EM 1120-2-118 and
using 3.25 percent compound interest rate, the varying annual
savings levels projected in table 16 were reduced to an average
annual equivalent level of annual savings to. transportation for
each indicator. An example of the computations used to derive
the average annual equivalent savings to transportation for iron
and steel is given in figure 6.

76. A sumry of the average annual equivalent benefits by
economic indicators and the total average annual equivalent gross
navigation benefits is given in table 17.
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TABLE 16

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATPION OF NAVIGATION FEATURES

PROJECTIONS OF COMERCE AND SAVINGS

TONN.GL (in thousands)
Economic Indicators 1966 1985(1) 200 2010 2020 2035

Population 113 163 215 255 303 406
Value Added by Manufacture 411 1,034 2,123 3,384 5,393 11,041
Shipments of Iron & Steel 998 2,087 3,495 4,930 6,954 11,651
Value of Farm Products Sold 595 733 897 1,127 1,418 1,789
Value of New Construction Contracts (2) 5,208 10,479 19,266 27,474 39,131 66,987
Export Wheat (3) 1,105 1,172 1,277 1,362 1,454 1,567
Ex port Grain Sorghum (3) 198 247 257 264 271 310

TOTALS (4) 8,628 15,915 27,53J 38,796 54,924 93,751

SAVINGS (in thousands)

Population $ 211 $ 304 $ 401 $ 477 $ 566 $ 759
Value Added by Manufacture 1,364 3,430 7,042 11,225 17,889 36,622
Shipments of Iron & Steel 2,575 5,387 9,021 12,727 17,952 30,076
Value of Farm Products Sold 1,025 1,263 1,544 1,941 2,442 3,081
Value of New Construction Contracts (2) 4,668 9,392 16,960 24,186 34,447 58,971
Export Wheat (3) 719 763 831 887 946 1,020
Export Grain Sorghum (3) 123 154 160 164 168 193

TOTALS (4) $10,685 $20,693 $35,959 $51,607 $74,410 $130,722

(1)
(2)

(3)
(4)

Assumed initial year of project use.
Base year sand & gravel tonnage of 5,200,000 and savings of $4,664,000 were used to compute
tonnage and savings to the year 1999 and 5,700,000 tons and "5,U21,000 savings were used to
compute tonnage and savings from 2000 to 2035.
Base year for wheat and grain sorghum is 1965.
An adjustment of 10 percent has been added to the tonnage and savings of all commodities,
except grain sorghum and wheat and sand and gravel, to allow for traffic undisclosed by
the field survey.
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FIGURE 6

TRINITY RIVER .AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

EXAMPLE OF AVERAGE ANNUAL EQUIVALENT COMPUTATION

SHIPMENTS OF IRON AND STEEL
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TABLE 17

SUMMARY OF AVERAGE ANNUAL EQUIVALENT
GROSS NAVIGATION BENEFITS DERIVED FROM SAVINGS

PRQIECTED BY THE VARIOUS ECONOMIC INDICATORS

Economic Indicator

Population

Value added by manufacture

Shipments of iron and steel

Value of farm products sold

Value of new construction contracts

Ewport wheat

Average Annual
Equivalent Benefit

(in thousands)

$ 447

10,951

11,9876

1 ,812

22,208

858

Export grain sorghum 162

$ 48,314
Total average annual gross
equivalent navigation benefit

77. Benefits trom extended life of bridges.- The benefits
creditable to the navigation features of the authorized project
from the extended useful life of existing bridges, given in
detail in tables 9 and 10 are summarized in 'table 18.
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TABLE 18

SUMNARY OF BENEFITS FROM EXTENSION OF BRIM E LIFE

Average Annual Benefits for
Lower Reach Life of the Project

Channel mile 0.00 to
Dallas, Texas, terminus
Highway bridges...............................$214,160
Railroad bridges.....0... ...................... 12,950

Average annual equivalent benefit lower reach $227,110

Upper Reach

Dallas, Texas, terminus to
Ft. Worth, Texas, terminus
Highway bridges....................... .... 246,570
Railroad bridges...0............ .. .6,640

Average annual equivalent benefits-upper reach $312,210

Total average annual equivalent benefits $539,320
Rounded $539,000

78. Economic losses-vehicular operating costs.- The
increased cost to vehicular traffic that would operate over the
raised sections of existing bridges that must be altered to
provide adequate navigation clearance is taken as an economic
loss resulting from construction of the navigation features of
the authorized project. Therefore, the average annual equivalent
value of this loss is deducted from the gross average annual
equivalent navigation benefits.

79. The detailed computation of these costs, given in table
11, is sumarized in table 19.
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TABLE 19

SUMMARY OF AVERAGE ANNUAL EQUIVALENT ECONOMIC LOSS
FROM INCREASED OPERATING COSTS OF VEHICLES

Channel mile
to Passenger

Area Channel mile Trucks Vehicles Total

1 0,00-70-00 $ 59,700 $ 75,400 $ 135,100

2 70o 01-1150 00 34,100 26,800 60,900

3 15 01-255 dO0 22,400 30,600 53,000

4 255001-305.00 10,300 15,700 26,000

5 305o01-326o25 81,60 236,300 317,900

6 32626-36275 314,700 928,100 1,242,800

TOTAL $522,800 $1,312,900 $1,835,700
Rounded:

Total average annual equivalent economic loss = $1,836,000

80a Reduction in benefits-critical lock capacitya- The total
port-to-port tonnages given in table 7 were converted to barge-tow
requirements at each lock in the proposed navigation system. These
requirements provide the basis for -time-phase construction of
additional facilities at the several locks to provide adequate
capacity at the times it is needed. However, these studies also
show that with additional capacity, installed locks 12 and 13
again reach capacity in the forty-eighth year of the project life .
In view of the two year period remaining of the analysis period, it
is considered more practical to discount the average annual
equivalent savings in the amount of transportation savings that
would be realized on traffic exceeding the capacity of. these locks
for the remaining two years of project life in lieu of construction
of additional facilities in the forty-eighth year of the useful life
of the project. Accordingly, the transportation savings creditable
to the traffic exceeding the capacity of these locks has been
discounted back to present worth, redistributed over the 50-year
project analysis period and deducted from the gross navigation
benefit. The average annual equivalent value of these discounted
savings is computed at. $273,000,
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81. Summary of net transportation savings.- The total net
average annual equivalent benefits creditable to transportation
savings on the navigation project are the savings in transportation
costs in the amount of $48,314,000, less the $273,000 discounted
savings for the last two years of the project life, which results
in a net annual transportation savings benefit of $48,041,000.

82. Recreation and fish and wildlife benefits.- A summary of
the recreation benefits creditable to the navigation features only,
discussed in paragraphs 58 through 60 and presented in detail in
table 2 of exhibit 4 of this appendix, is given in table 20.

TABLE 20

SUMMARY OF RECREATION AND FISH AND WILDLIFE
BENEFITS CREDITABLE TO NAVIGATION FEATURES

Recreation Recreation Average Annual
Period Type Use (1) Equivalent Benefit (2)

1985-1988 General 1,338,000 $ 115,100

F & W 357,000 40,900

Subtotal 1,695,000 $ 156,000

1988-2008 General 4,305,000 1,360,100

F & W 357,000 192,100

Subtotal 4,662,000 $1,552,200

2008-2035 General 5,643,000 1,470,000

F & W 357,000 124,000

Subtotal 6,000,000 $1,594,000

1985-2035 General 2,945,000(3)

F &W 357,000

Total 50-year period $3,302,000

(1)
(2)
(3)

Visitor days
Based on 3.25 percent interest rate.
Rounded to nearest thousand dollars.
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83. Economic development enefits... A summary of the economic
development benefits creditable to the construction and maintenance
and operation of the navigation features of the authorized project,
discussed in paragraphs 54 through 56 and presented in detail in
exhibit 5 of this appendix, is given in table 21.

TABLE 21

SUMMARY OF ECONOMIC DEVELOPMENT BENEFITS

Average Annual
Item Equivalent Benefit

Local wages during construction $1,566,000

Local wages for operation and maintenance 321,000

Total economic development benefits $1,887,000

84. Sunmary of benefits.- The total benefits reevaluated for
all economic aspects of the navigation only features of the
authorized channel from the Houston Ship Channel via the Trinity
River to Fort Worth, Texas, are summarized in table 22.
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TABLE 22

SUMMARY OF ESTIMATED AVERAGE ANNUAL EQUIVALENT BENEFITS
REEVALUATED FOR CHANNEL TO FORT WORTH

Item

Navigation

Saving in transportation cost

Extended life of existing bridges

Less increased cost to vehicular traffic

Subtotal, navigation benefits

Recreation, Fish and Wildlife

Economic Development Benefits

Subtotal, related benefits

Total benefits

Average Annual
Equivalent Benefits

$48, .a, 000

549,000

- 1,836,000

$46, g4, 000

3,302,000

1,887,000

$ 5,189,000

0k, 99#3, G
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TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

GRAIN STUDY

SYLLABUS

In connection with reevaluation of the authorized Trinity River
navigation project, a field traffic study and market analysis of the
Trinity River tributary area was made to establish producing areas,
quantities, mode of transportation, and distribution of grain. The
data obtained indicated that the only grains of significance to the
navigation restudy are export wheat and grain sorghum. About 4
percent of the grain sorghum and 31 percent of the wheat produced in
the study area in the year 1965 moved into export market outlets by
trucks. Statistical information could not be developed for the alloca-
tion of rail movements as potential waterway traffic. Consequently,
only truck movements of grain were analyzed in the study.

The navigation benefits that would accrue to the proposed water-
way were considered to be the savings to transportation afforded by
truck-barge traffic to grain export outlets as compared to existing
movements by trucks or truck-barge. The total savings in the grain
producing area tributary to the proposedwaterway were derived by
multiplying the tonnage of the trucked grain moving into export by
the estimated savings per ton from each shipping point to export
outlets via the proposed waterway.

In 1985, the initial year of the project, the accepted prospective
grain tonnages that would move via the Trinity River will be approximately
1,172,000 tons of wheat and 247,000 tons of grain sorghum with an
estimated savings in transportation costs of $763,000 and $1514,000
respectively. The average annual equivalent benefits over the 50 year
project life, using 3 percent interest rate, were estimated to be
$858,000 for wheat and $162,000 for grain sorghum.
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TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

GRAIN STUDY

GENERAL

1. Scope of Work.- The Congress, in the fall of 1966, authorized
the economic reevaluation of the navigation features of that portion
of the comprehensive Trinity River Project extending through the
multiple purpose channel from the Houston Ship Channel to Ft. Worth,
Texas, for navigation, flood control, and allied purposes. In con-
junction with this reevaluation, a study of prospective commerce in
grain was conducted, including existing production and shipment of grain
in the area of influence of the Trinity River navigation project, projection
of future production and shipments, and estimates of the amounts of grain
that would be shipped on the proposed waterway. The area of influence
or study area of the Trinity River navigation study and the defined grain
tributary area are shown in figure 2 of the attached supplemental data.
Counties in five states, Texas, Oklahoma, Kansas, New Mexico and Colorado
which were examined to determine whether or not they would contribute
prospective grain commerce to the waterway comprise the study area.
The tributary area, shown in greater detail in figure 3 of the supplemental
data, is included in the study area, but is limited to only those
counties with accepted grain commerce for the waterway. In the field
traffic canvass of all commodities moving in the study area, it was
determined that flour and grains other than wheat and grain sorghum were
moving only in relatively small volumes and, therefore, were not included
in this grain study. However, these commodities will be included in the
overall traffic analysis that will be presented in the final report.
Specifically, the grain study involved a determination of:

a. The amount of grain produced within each county of the
defined tributary traffic area;

b. The approximate percentage amount shipped by each mode
of existing transportation, viz. rail, motor carrier and water
transportation or a combination thereof;

c. Direction of grain movements from each county, and amounts
of grain exported to foreign markets and supplied to domestic needs and
requirements;

d. Rates charged by rail and truck for grain transportation frcm
various producing counties in the tributary area to Texas Gulf ports;

e. An estimate of savings that would be available to shippers
via the authorized Trinity River waterway, measured as the product of
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estimated waterway grain traffic and the estimated unit savings realized
by waterway movement instead of movement of that traffic by present trans-
portation means. The unit savings will be the difference between freight
rates, presently being charged on the alternative transportation means
as compared to the estimate of freight rates that would be charged via
the improved waterway.

2. Basic Assumptions.- The potential waterborne commerce in wheat
and grain sorghum for the Trinity River was developed under the following
assumptions:

a. There will be no major wars or national economic depressions;

b. The grain will move from the producing area to foreign
and domestic areas of consumption through normal marketing channels;

c. The Arkansas River project is completed to the Port of
Catoosa (Tulsa), Oklahoma; the Red River project is -completed to the
Port of Daingerfield, Texas; and the Central Oklahoma project is not
constructed.

3. Sources of Data and Information.- Data and various information
for the grain study were obtained from the following sources:

a. Grain acreage, yield, and production data by counties for
Texas, Oklahoma, Colorado, Kansas and New Mexico were obtained for the
years 1956 through 1965 from United States Department of Agriculture,
Statistical Reporting Service.

b. Information on the export grain situation expected over the
50 year life of the Trinity River Project was obtained from United
States Department of Agriculture, Economic Research Service, (USDA, ERS)
Marketing Economics Division and Agriculture Economics Department,
Texas A.&M. University.

c. Statistics on transportation of grain in the Southwestern
States published in USDA, ERS Bulletin No. 367, and supplements were
used in the determination of grain movement patterns.

d. Estimates of wheat and grain receipts at Gulf ports by
rail & truck in recent years were based on information obtained from
USDA, ERS, Marketing Economic Division and published statistics in
Waterborne Commerce of the United States, Corps of Engineers, U. S. Arniy.

e. Estimates of expected changes in grain production and
grain marketing patterns in the Trinity River traffic area were based on
USDA data made available by Texas A.&M. University, Oklahoma State
University, and Fort Worth Grain Exchange.

f. Current information on marketing patterns and grain
movements in the area of influence of the Trinity River Project for both
export and domestic market outlets were obtained from officials of major
grain firms located in Houston, Corpus Christi, Fort Worth, Lubbock,
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Amarillo, Perryton and Dumas, Texas and Alva, Enid and Oklahoma City,
Oklahoma.,

4. Methods and Procedures.- The calendar year 1965 was selected
as being most representative of the average grain production in the study
area during recent years and was used as the base year for the grain analysis.
For the base year, the amount of grain production in each county moving
into the export market in a pattern likely to be converted to use
of the waterway was established by a field canvass and a market study
of the tributary area. Estimates of regional grain production for the
Trinity River area and prospective commerce in grain for the waterway
were based on a number of factors, including projections of national grain
production, changes in grain production capacity for the tributary area,
and changes in domestic and export grain flow and demand.

WHEAT

5. Wheat Production and Markets.- Wheat is produced in many areas
of the world, as shown in table 1, and is used primarily for human consump-
tion. The major wheat producing countries are Russia, United States,
Canada, France, Australia and Argentina, with the major exporting countries
being the United States and Canada. Wheat is an important economic item in
international trade and the market for wheat is affected by supply demand
relations in the major markets throughout the world. Since 1956, world wheat
exports have increased from 31.7 million tons to 62.3 million tons in 1964
and 56.4 million tons in 1965, as shown in table 2. In 1965, the base year
for the Trinity River grain restudy, world wheat production was 272.3
million tons, of which the United States produced 39.5 million tons. For
this same period, the United States exported 21.6 million tons or about
38.3 percent of total world exports.

6. Wheat and Grain Exports.- Wheat exports from the United States
have increased from 10.7 million tons in 1956 to 25.5 million tons in 1964
as shown in table 2. In addition to normal, commercial foreign exchange
exports in recent years, United States' wheat has been used to promote
friendly foreign relations by exports to countries lacking dollar exchange
credit to pay for wheat and to countries suffering from disasters such as
drought, flood or earthquake. This has been in accordance with the post -
World War II United States Government policy of assisting the economic
development of friendly countries. An important part of the assistance has
taken the form of wheat sales for local currencies. The major movement of
surplus grain into export markets occurs under Federal foreign assistance
programs under Public Law 480. The programs provide outright economic
grants in the form of commodities, including grain, as well as Federally
supported loans for investments for which private financing is not available.
Public Law 480 also provides for the sale of surplus agricultural commodities,
including grain, through private trade channels in exchange for foreign
currencies and some U. S. dollars. Movement of wheat into export under
these two programs made up approximately 66 percent of the United States'
wheat exports in 1965. The remainder of the United State s' exports was
sold for cash to principal U. S. dollar markets such as the nations of
Western Europe and Japan.
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TABLE 1

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

GRAIN STUDY

WORLD PRODUCTION OF WHEAT 1956-1965

ARGENTINA AUSTRALIA OTHER ToTAL(2)

(Million short tons)

6.75
12.22
10.59
12.75
12.15
10,55
15.27
11.30
15.25
16.27-

7.86
6.41
7.35
6.45
4.50
5.70
5.70
9.85

12.45
6.83

Unofficial Estimates.
Estimated totals include allowances for any
other producing countries not shown.

missing data for countries shown and for

SOURCE: Foreign Agricultural Circulars. 1959-1966 Inclusive . USDA.

YEAR RUSSIA(f)
UNITED
STATES

N.

CANADA FRANCE

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965

6o.oo
54.00
69.00
57.00
51.00
57.00
60.00
44.10
63.00
51.26

30.13
28.52
43.85
33.63
40.72
37.04
32.81
34.26
38.72
39.47

17.19
11.57
11.15
12.41
15.53
8.50

16.97
21.70
18.01
19.47

(1)
(2)

4.05

2.93
6.45
5.96
8.21
7.38
9.21
9.84

11.06
7.79

107.87
114.15
112.61
u6.145
113.4a4
.10.23

122.84
118.40
121.32
131.18

233.85
229.80
261.00
244.65
245.55
236.40
262.80
249.45
279.81
272.27
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TABLE 2

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

GRAIN STUDY

WHEAT EXPERTS BY C NRY, 1956J6

UNITED
Y~ QAE (2 _CANADA AUJSTRALI A APGENTTNA PUSSIA OTHER

(Million short tons)

10 37
16.46
12.05
13.26
15.27
19.83
21.74
19,21
25.5a
21.57

7.55
8.47
9.52
9001
8,38

10.26
10.96
9.94

16.56
13.03

3006
3077

1.o85
2.26
3.65
5050
6.95
5.47
8056
7.09

3.36
2.97
2.33
3.08
2033
2,14
2059

1199
3.06
4.69

2.21
4-79
4-33
6.61
6.0o8
5.58
5.57
5.88
1.61
1.66

5.18
3.24
5.66
5027
5.02
3099

4.90
5.78
6.96
8.35

(1) Export year ending 30 June.

(2) Also includes wheat equivalent of products other than flour.

SOURCE: The World Grain Trade, Sep 1966. FAS USDA.

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965

TOTAL (1)

31.73
39.70
35.74
39.49
40.73
47030
52,71
48.27
62.26
56.39

_ _y



7. Wheat consumption per capita is declining in the highly industrialized
countries of Western Europe, including the Common Market countries, and
in the United States and Canada. However, the increase in population more
than compensates for the decline in per capita consumption in these countries
and results in an increasing trend in the demand and consumption of wheat.

8. In many of the low income countries the standard of living is being
raised by increased national productivity. The per capita consumption
of wheat and other grain is increasing in Asia, Africa, and South American
countries except Argentina. Balance of payments problems preclude immediate
large wheat purchases by the low income countries except through the United
States program of grants in aid and long-term credit. It is in these low
income countries, however, where the greatest relative rate of increase
both in national productive capacity and in standards of living are ex-
pected. These increases in productivity will tend to further increase
grain demand and consumption. The low income countries also account for
a large part of the world population and have a high population growth
compared with other countries of the world. The need for large additional
amounts of grain in these countries is unquestioned. Clearly, in recent
years, these countries have paid for increased grain imports by increasing
their own non-grain exports,.production efficiency, and international grants
in aid and trade agreements, which have provided the necessary funds.
It is recognized that many factors difficult to predict with a high degree
of reliability, may affect the volume of food grains exported by the United
States in a given period or year. The import needs of many foreign
countries are greatly affected by the success or failure of their own
crop harvests. The harvests, in turn, can be drastically affected by
adverse weather or climatic conditions, insect infestations, or other
disasters. Foreign relations or internal political conditions may exert
powerful effects. Nevertheless, with all of the uncertainties, two principal
conclusions can be drawn with a reasonable degree of certainty. First,
that the advanced agricultural technology and the very large agricultural
production areas of the United States render large scale crop failures
unlikely and, accordingly, the United States can be expected to continue
producing food grains in excess of its own needs. Second, that the need
for food grains in excess of local production will continue to exist in
other parts of the world for the forseeable future. Thus, as the foreign
demands for food grains increase, the United States can be expected to
supplement these demands with an ever increasing amount of food grain exports.

9. Historical data for total wheat exports from the United States and-
from selected Gulf ports, as reported by the Corps of Engineers in Waterborne
Commerce of the United States, Part 2, are shown in table 3. Wheat exports
from the selected Gulf ports for 1965 accounted for 10.0 million tons or
approximately 51.2 percent of the total for the United States. For the
five-year period, 1961 through 1965, an average of about 58 percent of the
total wheat exports from the United States was shipped through Gulf ports.
This represents an average of about 11.1 million tons per year for the
five-year period.
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TABLE 3

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

GRAIN STUDY

WHEAT EXPORTS FOR SELECTED GULF PORTS COMPARED WITH

TOTAL UNITED STATES EXPORTS 1956-I965

Total
US

Exports
(1000

YEAR tons)

1956 12,257.5

1957 12,452.2

1958 9,926.2

1959 10,727.8

1960 15,115.7

1961 18,813.3

1962 15,637.2

1963 19,259.1

1964 22,732.4

1965 19,568.4

(1961-)
(1965 )
(Average)

19,202.1

Percent
Port of of Port of
Galveston Galveston Houston
(1000 Exports (1000
tons) to US tons)

1,690.3 13.8% 929.2

1,484.0 11.9% 1,014.9

1,440.4 14.9% 1,289.6

1,385.7 12.9% 1,641.6

2,092.5 13.8% 2,163.1

3,212.7 17.1% 3,080.5

2,144.3 13.7% 2,437.2

1,554.1 8.1% 2,281.3

1,949.6 8.6% 4,006.9

1,486.5 7.6% 4,495.3

2,069.4 10.8 3,260.2

Percent Percent
Percent Port of of Port of of

of Port Port Corpus Corpus
Houston Arthur Arthur Christi Christi
Exports (1000 Exports (1000 Exports
to US tons) to US tons) to US

7.6% 297.4 2.4% 22.3 0.2%

8.2% 515.8 4.1% 10.7 0.1%

13.0% 502.9 5.1% 18.5 0.2%

15.3% 758.2 7.1% 11.1 0.1%

14.3% 1,U1.7 7.4% 117.1 0.8%

16.4% 1,428.9 7.6% 296.5 1.6%

15.6% 1,060.9 6.8% 218.2 1.4%

11.8% 975.4 5.1% 282.9 1.5%

17.6% 1,800.9 7.9% 600.3 2.6%

23.0% 1,151.3 5.9% 359.0 1.8%

Percent Percent Total Percent
Port of of Port of of Exports of
Baton Baton New New From Selected
Rouge Rouge Orleans Orleans Selected Gulf Ports
(1000 Exports (1000 Exports Gulf Ports Exports
tons) to US tons) to US (1000 tons) to US

276.6 2.3% 708.0 5.8% 3,923.8 32.0%

317.0 2.5% 532.7 4.3% 3,875.1 31.1%

486.4 4.9% 873.6 8.8% 4,61.4 46.5%

447.7 4.2% 599.3 5.6% 4,843.6 45.2%

1,033.2 6.8% 1,209.9 8.0% 7,727.5. 51.1%

1,036.9 5.5% 2,225.2 11.8% 11,280.7 60.0%

1,223.3 7.8% 3,000.7 19.2% 10,084.6 64.5%

1,120.6 5.8% 3,628.7 18.8% 9,843.0 51.1%

1,456.6 6.4% 4,503.5 19.8% 14,317.8 63.0%

586.1 3.0% 1,947.5 10.0% 10,025.7 51.2%

SOURCE: Corps of Engineers "Waterborne Commerce of United States"; Part 2 (1956-1965).

17.0 1,283.5 6:7' 351.4 1-. 1,084.7 5."5 3,061.1 _1.f_111. 57"8



TABLE 4

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

GRAIN STUDY

UNITED STATES WHEAT PRODUCTION BY CLASS, 1956-65

WINTER WHEAT
1000 / of
Tons Total

DURUM WHEAT(2
1000 o of
Tons Total

OTHER SPRING WHEAT
1000 5/ of
Tons Total

ALL WHEAT
1000 % of
Tons Total

Tons Total

22,218
21,354
35,206
27,533
33,317
32,250
24,630
27,255
30,750
30,722

73.7
74.5
80.5
81.9
81.8
87.1
75.1
79.5
79.4
77.2

28,523.4 79.1

1,164
1,198

650
606

1,024
636

2,092
1,537
2,000
2,067

3.8
4.2
1.5
1.8
2.5
1.7
6.4
4.5
5.2
5.2

1____7.. __L( .'.J ]-3 7 .3 lo

6,780
6,120
7,867
5,495
6,377
4,157
6,088
5,468
5,969
7,014

22.5
21.3
18.0
16.3
15.7
11.2
18.5
16.0
15.4
17.6

30,162
28,672
43,723
33,634
40,718
37,042
32,810
34,260
38,720
39,802

(1) Preliminary
(2) All but a very small quantity of durum

Minnesota, North Dakota, South Dakota,

SOURCE: Agricultural Statistics 1966,
Agriculture.

wheat is produced in the
Montana, and California.

United States Department of

YEAR

N~
N

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965 (1)

(1956-)
(1965)
(Average)

100
100
100
100
100
100
100
100
100
100

states of

0

, .7.+ . l3 1 7 7n IDZn ),0 n



10. The principal class of wheat produced in the Trinity River
grain tributary area is winter wheat._ A recent report on the supply and
distribution of United States wheat by classes, published by the U.S.D.A.,
indicated that in 1965, winter wheat accounted for 30.7 million tons
or 77.2 percent of the total United States wheat production. The five
states of Colorado, Kansas, New Mexico, Oklahoma and Texas, which are
tributary to the Trinity River, produced approximately 46.3 percent of
the winter wheat in the United States in 1965. Table 4 which was taken
from the U.S.D.A. report shows the production of wheat in the United
States by class from 1956 through 1965. The distribution of wheat in
the United States is shown in figure 1. The concentrated wheat production
area tributary to the Trinity River is easily seen in the figure.

11. A summary of total wheat production for selected states in the
Trinity tributary area is presented in table 5. These states produced
about 14.2 million tons or approximately 36 percent of the total United
States wheat grown in 1965. For the ten-year period 1956-1965, wheat
production in the five states averaged about 12.4 million tons, of which
approximately 6.5 million tons were produced in Kansas. The states, shown
in table 5, are surplus production areas, from which wheat is shipped
to domestic and export market outlets.

12. Generally, the major portion of the wheat produced in the
tributary area is marketed by the grower during and immediately following
the principal harvesting months of June and July. On a local county
basis, the bulk of the crop moves into the market within a period of
about 15 days. Under ideal conditions, harvest operations begin in
Texas and move northward through Oklahoma and Kansas into Nebraska and
the Dakotas. With ideal conditions of ripening grain and movement of
harvesting equipment, transportation, storage and other marketing
facilities are planned to provide an orderly movement for the physical
flow of the wheat into storage. Often, however, the vagaries of weather,
labor shortages, or other factors will disrupt the planned orderly move-
ments. Under these conditions, inadequate storage capacity, inadequate
transportation capacity and unfavorable transportation rates may cause a
depression of grain prices at harvest time.

13. Wheat and Grain Storage.- Grain storage capacity in the Trinity
River tributary area is approximately 13 million tons of which 2.1 million
tons is in registered grain warehouses. This is generally adequate for
production and carry-over in most crop years. The location and capacity
of these country elevators, which are gathering and shipping points, are
significant factors in the orderly flow of wheat through marketing
channels to domestic and export market outlets. Unless grain is stored
in adequate storage facilities, it is a relatively perishable commodity.
Ample storage facilities, either registered or private, are generally
available in the tributary area for most crop years. If grain production
at any point exceeds local market demands and adequate storage facilities
are not available, it must be moved to market quickly and depressed prices
usually result.
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TABLE 5

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

GRAIN STUDY

TOTAL WHEAT PRODUCTION FOR THE STATES OF
TEXAS OKLAHOMA KANSAS NEW MEXICO & COIDRADO

TEXAS OKLAHOMA KANSAS NEW MEXICO COLORADO TOTAL
YEAR 1,000 Tons 1,000 Tons 1,000 Tons 1,000 Tons 1,000 Tons 1,000 Tons

1956 791.6 2,078.0 4,298.5 33.2 529.6 7,730.9
1957 1,010.1 1,290.8 3,003.3 66.1 1,095.7 6,466.0
1958 2,191.2 3,463.2 8,896.4 114.2 2,016.2 16,681.2
1959 1,795.5 2,675.2 6,291.0 115.5 1,636.9 12,514.1
1960 2,364.8 3,638.7 8,831.3 140.4 1,999.4 16,974.6
1961 2,546.1 3,325.0 8,211.5 240.1 1,703.7 16,026.4
1962 1,310.9 2,132.4 6,335.1 127.8 1,100.6 11,006.8
1963 1,288.1 2,262.3 5,564.4 114.0 667.8 9,896.6
1964 1,855.4 2,898.7 6,463.8 83.2 797.5 12,098.6
1965 2,178.9 3,987.5 7,308.7 147.7 624.3 14,247.1

10 YR.
AVERAGE 1,733.3 2,775.2 6,520.4 118.2 1,217.1 12,364.2

SOURCE: Agricultural Statistics 1956-1965, Inclusive, United States Department of Agriculture.
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14. Wheat and Grain Transportation.- An analysis of grain
transportation from country elevators in the tributary area showed,
that all other factors being equal, cost based on transportation rates
to the shipper, is the dominant factor affecting selection of the mode
of transport. Two of the major reasons reported by the elevator managers
for the use of trucks to transport grain are the imbalance of the demand
and supply of rail cars when needed and the time lag in moving rail cars
when loaded. When faced with these conditions, managers usually employ
trucks to move the grain in order to meet local price competition and
maintain volume. When local storage space is fiJlled and rail cars are
not available, there is great need for trucks. When trucks also are in
short supply, the nearest available storage that can be located will
often be used so that the vehicles can return quickly for reloading.
On occasion in the past, when trucks have not been available, wheat has
had to be. piled upon the ground or diverted to competitors. This type
of disorganized marketing has been characteristic of local market conditions
during the harvest season rush.

15. In recent years, export grain has been handled mostly through
the larger terminal and cooperative grain elevators. Managers of these
facilities have used methods for handling export grain similar to those
employed in independent country elevators. A considerable amount of
export grain is shipped direct to port outlets from the country elevator,
thus, by-passing the terminal. When this can be done, it reduces the
number of times the wheat is handled and the savings in handling cost is
often reflected in both the producer price and the export price. A grain
marketing survey in the Trinity River tributary area, conducted by the
Galveston District, Corps of Engineers, included interviews with repre-
sentatives of the major terminal elevator facilities located in the area.
The survey indicated that variations in the wheat quality, primarily
in the protein content, within the project tributary area, significantly
influences the area of procurement by areas and crop years. Such
variations tend to determine the quantity of wheat purchased for
domestic market mill requirements and storage by the elevators during
the harvest season. The terminals located in the tributary area reported
that substantial quantities of wheat of high protein content are
purchased each season in western Kansas, Oklahoma, and Texas. The high
protein wheat is used by the terminal elevators in blending mixtures of
wheat to quality specifications needed to meet specific domestic mill
and some export market contract orders received during the year.

GRAIN SORGHUM

16. Grain Sorghum Production and Markets.- As compared to wheat, the
production of grain sorghum for feed grain in the Great Plains area is the
most profitable alternative grain crop. The climatic conditions are favorable
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and the land used for wheat production is quite adaptable to the pro-
duction of grain sorghum. Texas, Kansas, and Oklahoma are the major
grain sorghum producing states with Texas producing about 43 percent
of the nation's supply. In general, the United States grain sorghum is

produced in the concentrated area shown in figure 2, as a complementary
crop on farms that produce beef and wheat as primary farm enterprises.
Grain sorghum is principally used as a feed in the rations for cattle,
swine, and commercial broiler production.

17. Grain Sorghum Exports.- The United States has exported an
average of about 3.1 million tans of grain sorghum annually during the
1961-1965 period, as shown in table 6. Of this average total United
States grain sorghum exports, the Gulf ports have exported 79.4 percent
or about 2.4 million tons. The principal export markets are Japan,
Western Europe, and other advanced countries that require grain for live-
stock feed to supply an increasing demand for meat. The increased demand
for meat in these countries is the result cif an increase in population and
per capita income. Projections, prepared by the U.S.D.A., ERS, indicate
that grain sorghum exports will continue to increase in order to supple-
ment the demands of these foreign markets.

18. According to U.S.D.A. agricultural statistics for 1966, grain
sorghum production has increased an average of 257 percent over the
sixteen-year period, 1949 through 1965. In 1965 total United States
grain sorghum produced amounted to 18.6 tons. There are many factors
contributing to an increased production of grain sorghums. Agricultural
technology; changing population characteristics and attendant changes
in market demand; improved grain varieties; agricultural control programs;
and increased standards of living in lower incOme groups are some of the
factors contributing to an increased production. Two factors providing
major inducements to farmers to increase grain sorghum production are
the Agricultural Acreage Control Program and the increasing demand for
grain fed beef as a result of population increases and a rising per capita
income. Under the Agricultural Acreage Control Program, many farmers
can transfer otherwise idle acreage in excess of their wheat acreage
allotment to grain sorghum production within their acreage allotmient for
feed grains thereby bringing as many of their agricultural resources as
possible into production. The increased demand for grain fed beef complements
the effect of the Agricultural Acreage Control Program in that increased
production of the feed grain base pf barley, rye, oats and grain sorghums
is necessary to support increased beef production. In the feed grain base,
grain sorghum are the most profitable alternate grain crop after wheat.
In addition to the growing domestic market, demand for export -grain
sorghums has also grown substantially since the post - World War II period.

19. Total grain sorghum production for selected states within the
study area for the ten-year period, 1956 through 1965, is shown in table 7.
In 1965, these states produced about 13.2 million tons or 71 percent of
the total United States grain sorghum produced. Approximately, 12.5
million tons were produced in Texas, Oklahoma, and Kansas, of which about
8.5 million tons were grown in the Trinity River tributary area. The above
three states are surplus production areas from which grain sorghum is shipped
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TABLE 6

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

GRAIN STUDY
GRAIN SORGHUM EXPORTS FOR SELECTED GULF PORTS COMPARED WITH

TOTAL UNITED STATES EXPORTS 1956-1965

YEAR

*1956
(a

*1957

1958

1959

1960

1961

1962

1963

1964

1965

Total
US

Exports
(1000
tons)

1,530.7

572.8

2,067.7

2,877.4

2,627.9

1,747.3

2,999.9

3,084.0

2,762.3

4,758.8

Port of
Galveston
(1000
tons)

460.5,

104.2

531.3

539.4

339.7

55.9

246.7

302.0

189.9

544.3

Percent
of

Galveston
Exports
to US

30.1%

18.2%

25.7%

18.7%

12.9%

3.2%

8.2%

9.8%

6.9%

11.4%

Port of
Houston
(1000
tons)

289.7

206.5

569.7

833.7

564.3

354.0

221.1

267.0

376.0

551.9

Percent
of

Houston
Exports
toUs

18.9%

36.1%

27.6%

29.0%

21.5%

20.3%

7.4%

8.7%

13.6%

11.6%

Ports on
The

Sabine
Neches

Waterway
(1000
tons)

344.3

48.9

360.0

349.3

472.9

166.3

531.1

225.9

1403.6

585.2

Percent
of the
Sabine
Neches

Waterway
Exports
to US

22.5%

8.5%

17.4%

12.1%

18.0%

9.5%
17.7%

7.3%

14.6%

12.3%

Port of
Corpus
Christi
(1000
tons)

382.7

206.4

512.6

1,052.2

1,055.3

932.3

909.5

1,077.4

1,046.6

1,399.0

Percent
of

Corpus
Christi
Exports
to US

25.0%

36.0%

24.8%

36.6%

40.2%

53.4%

30.3%

34.9%

37.9%

29.-4%

P

(-

t<

2

3

2

10

10

8

3

Percent
ort of of
Baton Baton
Rouge Rouge
1000 Exports
ons) to us
--- 0

--- 0

0

6.6 0.9%

8.6 1.5%

7.5 1.6%

9.5 3.7%

0.0 3.2%

9.6 3.2%

5.0 0.7%

8._d- 354.0 11.382.4 12.5% 1,073. 34.9%.. 72.3 2.4% 288.1

SOURCE: Corps of Engineers "Waterborne Commerce of the United States"; Part 2 (1956-1965).
*Categorized as "Other Grains", grain sorghum assumed to represent the largest percentage of tonnage shown.

Port of
New

Orleans
(1000
tons)

27.8

6.8

27.6

55.5

142.5

117.3

535.7

393.4

270.1

124.1

(1961-)
(1965 )
Average)

3,070.5

Percent
of

New
Orleans
Exports
to US

1.8%

1.2%

1.3%

1.9%

5.4%

6.7%

17.9%

12.8%

9.8%

2.6%

Total
Exports
From

Selected
Gulf Ports
(1000 tons)

1,505.0

572.8

2,001.2

2,856.7

2,613.3

1,653.3

2,553.6

2,365.7

2,375.8

3,239.5

Percent
of

Selected
Gulf Ports
Exports
to US

98.3%

100.0%

96.8%

99.3%
99.4%

94.6%

85.1%

76.7%

86.0%

68.1%

267.8 9.4% 2,437.6
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TABLE 7

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

GRAIN STUDY

TOTAL GRAIN SORGHUM PRODUCTION FOR THE STATES OF
TEXAS, OKLAHOMA, KANSAS, NEW MEXICO, & COLORADO

Texas
Percent
of Total

Production OKLAHOMA KANSAS NEW MEXICO COLORADO TOTAL

(In 1,000 tons)

77.2%
58.7%
61.9%
60.9%
55.3%
61.1%
54.5%
56.3%
62.14%
60.5%

172.6
426.0
516.9
526.2
665.3
472.2
552.7
611.2
412.0
627.8

682.9
3,615.6
3,611.0
3,971.9
,4,691.2
3,127.0
3,605.3
4,137.6
2,749.8
3,827.9

97.7
184.5
226.4
237.3
258.8
260.7
284.3
3148.7
298.6
1409.5

71.7
459.2
348.6
260.2
244.7
234.8
264.7
230.6
188.7
365.8

14,502.6
11,352.0
12,348.7
12,770.2
13,099.5
10,5214.5
10,335.2
12,196.8
9,693.3

13,231.7

10 YR.
AVERAGE 6,577.6 59.8% 498.3 3,402.0 260.7 266.9 11,005.5

SOURCE: Agricultural Statistics - 1956-1965 inclusive, and United States Department of Agriculture.
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to domestic and export market outlets. Generally, the Southern Plains

region is a deficit feed grain area; however, the above region contains

surplus production areas from which grain sorghum is shipped to domestic
and export market outlets.

20. Grain Sorghum Storage.- A production explosion of grain sorghum
in the past two decades, accompanied by large increases in carry-over stocks,
has taxed facilities for moving, handling, storing and marketing the crop.
However, as mentioned previously, grain storage facilities in the Trinity
River Study area are considered adequate for production and carry-over in
most crop years. The principal storage and functional market points are
Wichita and Dodge City, Kansas and Amarillo, Plainview and Lubbock, Texas.

The greatest concentration of storage and consequently the dominant supply
points are the Amarillo, Plainview and Lubbock areas.

21. Grain Sorghum Transportation.- The analysis of wheat and grain
transportation from country elevators in the tributary area as discussed
in detail in paragraph 15 is generally applicable to grain sorghum
transportation with the exception that for grain sorghum the area of
procurement by area and crop year is closely correlated with the live-
stock industry's feed requirements.

FIELD SURVEY AND MARKET STUDY

22. General.- A field survey was made within the study area
of the Trinity River to determine (1) current marketing patterns,
(2 projections of production, consumption, and market changes, and
(3 base year determination for wheat and grain sorghum production
projections. Data were obtained through interviews with representatives
of major grain firms, grain brokers, and U.S.D.A. and Agricultural
Experiment Station personnel in the major grain marketing centers of
Texas, Kansas, and Oklahoma.

23. Current Marketing Patterns.- Data obtained on grain marketing
within the study area included the percentage of grain sorghum and wheat
moving into the domestic and export markets by truck and rail. This

percentage was used in evaluating the amount of each county's total
production that is transported to the export market.

24. Investigations into the modes of transporting wheat and grain
sorghum to the export market were made to determine and substantiate the
allocation of movements between truck and rail as presented in this report.

25. Rail movements were analyzed to determine, if any, the tonnages
that would be expected to be diverted to the proposed waterway. However,
no statistical data could be obtained either from the contacts made or,
any other statistical source that would substantiate a specific amount
of diversion of rail movements to the proposed project.
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26. Data on truck charges from county shipping points to destination
points were obtained from major grain firms and grain shippers. An
analysis of these data indicated that grain truck rates, unlike general
commerce, are unregulated. An official uniform truck rate scale is
non-existent, but a general pattern of rates and movements does exist.
This pattern provided a basis for the construction of a uniform truck
rate scale between origin and destination points within the study area.
Officials of major grain firms were provided the constructed truck rate
scale and were requested to review and comment thereon. The consensus
was that these rates represented an average of the actual charges paid
for grain movements throughout the year. Accordingly, the constructed
truck rate scale was accepted as a reasonable basis for measuring trans-
portation charges via this transportation mode and is included in table A
of the supplemental data.

27. Projections of Production, Consumption, and Market Changes -
Wheat.- Information received, by interviews with the industry; from the
Economic Research Service (ERS), U.S.D.A.; and Texas A.&M. University,
was studied to determine market demands and changes in production methods
that may be expected in the present and future production of wheat. This
analysis revealed that while production levels are high, per capita
consumption of wheat products has declined slightly. This indicates that
surplus production is available for the export market. Generally, a
portion of the future increases in production are expected to be absorbed
by the domestic market as the population increases and may eventually
bring per capita consumption back to previous levels. Beyond this point,
however, it is estimated that increases in production during the life of
the proposed project will be moved to the export market. Future
projections of wheat production are discussed in detail in paragraph 149.

28. Projections of Production, Consumption, and Market Changes -
Grain Sorghum.- An analysis of similar data on grain sorghum indicates
that the domestic and export markets will absorb proportional amounts of
the future increases in grain sorghum production. A detailed discussion
of future grain sorghum production and exports is discussed in paragraph 53.

29. Base Year Determination.- A detailed investigation was made
to determine the base year to be used in the analysis of grain transporta-
tion and production projections. Historical data on wheat and grain
sorghum production in the five state area of Texas, Oklahoma, Kansas,
New Mexico and Colorado for the years 1956 through 1965, were analyzed
to determine the production trends of wheat and grain sorghum.

30. Statistics of total wheat production in the five state area,
as shown in table 5, were used in developing the production trend for
the 10 year period ending in 1965. Figure 3 contains a graphic
presentation of total production of wheat by years and the computed trend
in production. Examination of figure 3 shows that the 1965 wheat produc-
tion year lies closest to the computed trend in production. Further,
the 1965 production year is recent enough that transportation data on
grain movement are probably as complete as can be obtained.
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31. A check was made on the reliability of the analysis for the
selection of the base year wheat traffic by a study of the 10 year produc-
tion of wheat to identify those years that appear to be not representative
of normal production. Inspection of table 5 shows that the years 1956,
1957, and 1963 may not represent the normal production potential of the
producing area. By eliminating these years and averaging the total
production for the remaining 7 years, the resulting average production is
14.221 million tons of wheat. This compares favorably with the reported
1965 wheat production of 14.247 million tons.

32. A similar analysis was made of the historical data for grain
sorghum production shown in table 7. The analysis of the actual total
production and the computed trend in production, as shown in figure 4,
discloses that the 1963 production is at the closest proximity to the
production trend. However, the total production of grain sorghum in
1965 while not the closest point to the production trend, is congruous
with the increasing trend in grain sorghum production and is consistent
with the production trend of wheat. Further, as discussed in paragraphs
16 through 21, grain sorghum is the 'second most valuable grain crop and
is complementary to wheat production in the grain producing areas.
Increases in per capita income will provide a larger market for beef which
will require larger quantities of grain sorghum, the principal feed grain.
This condition is a factor that will influence grain sorghum production
to rise at a greater rate than is indicated by the computed trend of grain
sorghum production shown in figure 4.

33. As a result of these analyses, 1965 was selected, and sub-
sequently confirmed by major grain firms, U.S.D.A. and Agricultural
Experiment Station personnel, as the base year to be used in the analysis
of grain transportation and production projections for both wheat and
grain sorghum.

PRESENT METHODS OF SHIPMENT

34. General.- By comparing historical wheat and grain sorghum
production in the study area to grain exports moving through selected
Gulf ports for the ten year period, 1956 through 1965, it was determined
that about 68% of the wheat production, excluding the study area's domestic
consumption, and 24% of the grain sorghum production were available for
export. The 9.841 million tns of wheat and 8.495 million tons of grain
sorghum, shown in table 12, and discussed in paragraph 45, represents
the total production in the study area. Thus, estimates of grain
available for export were derived by applying the above percentages to
the base year production and projected production, as discussed in
paragraphs 49 through 56. Furthermore, based on supplemental information
concerning present method of shipments of export grains, it was concluded
that only export grain shipments moving by truck were acceptable as
potential waterway commerce. Therefore, wheat and grain sorghum tonnages
accepted for rate analysis were based on truck movements of export grain,
which are estimated to be 45% of wheat and 15% of the grain sorghum
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exports. The studies made of the present method of grain shipment are
based on information obtained from major grain firms within the grain
tributary area and inspected grain receipts on grain moving into
selected Gulf ports from the U. S. Department of Agriculture. These
data also provide the basis for estimating the quantities of grain that
would move by truck and rail transport.

35. Present method of shipment.- Grain that could move on the
waterway was identified as export grain moving from the producing area
contiguous to the proposed waterway through the nearest deep draft ports.
A study of the export wheat from all Gulf ports, shown in table 3, shows
that 38.3 percent of total U. S. exports moved through Texas ports in 1965.

36. The deep draft ports in Texas that would serve grain traffic
moving over the Trinity waterway are the ports of Houston and Galveston.
Statistics obtained from the U. S. Department of Agriculture were examined
to determine the amount of wheat and grain sorghum moving through all
Texas ports and the mode of transport used.

37. The minor discrepancy between U.S.D.A. data shown in table 8
and Corps of Engineers Waterborne Commerce of the United States shown in
table 3 is attributable to different reporting periods in that Corps of
Engineers traffic data are reported on a calendar year basis and U. S.
Department of Agriculture grain data are based on fiscal year beginning
1 July. However, for this report, the disagreement between sources is
not considered significant for the purposes for which these data are used.

38. The U. S. Department of Agriculture statistics given in table 8
indicate that 70 percent of all Texas wheat exports and 36 percent of all
Texas grain sorghum exports moved through the ports of Houston and Galveston
in 1965. A further breakdown of this traffic was made to determine the
average percentage of wheat and grain sorghum moved by rail, barge, and
truck through the port of Houston for the four year period 1962-66, which
was used to estimate the percentage of production in the producing area
tributary to the proposed project that would be potential grain traffic
on the proposed waterway. No comparable data were available for the port
of Galveston. The statistics given in tables 9 and 10 for wheat and grain
sorghums respectively, show that for the .4 year average, 50.4 percent of
the wheat and 83.4 percent of the grain sorghum moved through the port by
rail. Comparable data on truck movement indicate that 49.6 percent and
16.6 percent of the wheat and grain sorghum, respectively, moved through
the port by truck.

39. If these percentages are applied to the base year exports, as
developed in the grain projections discussed in paragraphs 49 through
56 and shown in table 12, they will derive an estimate of the amount of
these grains that can be expected to move to deep draft ports by truck
and rail; however, this grain study shows that there are variable factors
in the grain industry, not necessarily related to transportation cost,
that affect the mode of shipment. Accordingly a 10 percent adjustment
was made on the statistical percentages to allow for these variations.
The adjusted percentage of rail and truck movement of wheat and grain
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TABLE 8

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

GRAIN STUDY

GRAIN RECEIPTS AT SELECTED GULF PORTS 965

Rail Truck Total Truck Percent

Port 1,000 Tons 1,000 Tons 1,00® Tons o TOtaL

WHEAT

Port Arthur 831.3 - 831.3
Houston 2,797.5 1,955.2 4,752.7 41.1
Galveston 1,858.5 5.2 1,863.7 -003
Corpus Christi 272.6 77.4 350.0 22.0
Beaumont 1,593.2 11.9 1,60501 .007

Total 7,353.1 2,0I9.7 9,102.8 21.8

GRAIL SORGHUM

Port Arthur 21500 - 215.0
Houston 598.0 201.7 799.7 25.2
Galveston 891,6 2.8 891.1+ .003
Corpus Christi 1,343.3 1,163.7 2,507.0 1+6.14

Beaumont 269.1+ 10.6 280.0 .01+

Total 3,317.3 1,378.8 4,696.1 29.14

SOURCE. Consumer and Marketirg .Service, Grain Division,
United States Department of Agriculture.
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TABLE 9

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION. PROJECT

REEVALUATION OF NAVIGATION FEATURES

GRAIN STUDY

WHEAT RECEIPTS AT THE PORT OF HOUSTON

RAIL
PERCENT

1,000 OF,
TONS TOTAL

970.7 45.9

1,194.7 39.5

1,683.8 50.9

2,797.5 58.9

TRUCK
PERCENT

1,000 OF
TONS TOTAL

1,144.5 54.1

1,827.1 60.5

1,626.0 49.1

1,955.2 41.1

TOTAL
PERCENT

1,000 OF
TONS TOTAL

2,115.5 100.0

3,021.8 100.0

3,309.8 100.0

4,752.7 100.0

4 Year
Average 1,661.7 50.4 1,638.2 49.6 3,300.0 100.0

SOURCE: Consumer and Marketing Service, Grain Division, United States
Department of Agriculture.

G,)

YEAR
BEGINNING

1 July

1962-63

1963-64

1964-65

1965-66
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TABLE 10

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

GRAIN STUDY

GRAIN SORGHUM RECEIPTS AT THE PORT OF HOUSTON

YEAR
BEGINNING
1 July

1962-63

1963-64+

1964-65

1965-66

RAIL
PERCENT

1,000 OF
TONS TOTAL

308.8 97.3

288.6 84.5

357.8 88.5

598.0 7+.8

TRUCK
PERCENT

1,000 OF
TONS TOTAL

8.5 2.7

52.9 15.5

16.6 11.5

201.7 25.2

1,000
1,000

TONS

317.3

31 1.5

404.4

799.7

TOTAL
PERCENT

OF
TOTAL

100.0

100.0

100.0

100.0

4 Year
Average 388.3 83.4 77.4 16.6 465.7 100.0

SOURCE: Consumer and Marketing Servicea
Agriculture.

Grain Division, United States Department of

r.b. ........ adscmm



sorghum, rounded to the nearest percent amounts to 45 percent wheat and
75 percent grain sorghum moved by rail and 45 percent wheat and 15
percent grain sorghum moved by truck. The mode of shipment (truck or
rail) for the remaining 10%Y of wheat and grain sorghum was not determined
as discussed in the preceding paragraph. There was a minor movement of
wheat by barge through the port of Houston in 1962-63 which is not
significant.

140. Transportation Rate Structures.- A detailed investigation of
rail and truck rate structures, together with the quantities of grain
transported by each mode, was made to determine the amount of wheat and
grain sorghum tonnages that could be diverted to the proposed waterway.

41. Rail Rates.- A study of the rail rate structure was made to
determine whether grain movements could be diverted to the proposed
waterway. Rail movements, however, are based on a complex system of
proportional rates which enable carriers, shippers, and the grain industry
in general to compete with each other for rail movements of grain and grain
products. The study revealed the various reasons why rail transportation
moves and will continue to move a certain percentage of all grain to the
Gulf ports. The major reasons are: (1) greater financial control,
(2) ability to have more tonnage per carload, (3) special "intransit
privileges" which allows milling, storage, blending, and cleaning of the
grain at intermediate points prior to reshipment, and (4) grain facilities
are basically rail orientated.

42. Truck Rates.- A similar study of the truck rate structure
disclosed that a uniform truck rate scale for grain is non-existent.
However, a general pattern of quantities, distances, and rates does
exist. Using this pattern as a base, a uniform truck rate scale was
constructed and subsequently confirmed by major grain firms and shippers.
This scale, shown in table A of the supplemental data, provides the
basis for the rate analyses of grain movements by truck versus the
proposed waterway.

43. Information received from representatives of the major grain
firms indicates that the percentage of trucked grain sorghum may increase
as the Commodity Credit Corporation grain sorghum stocks are reduced to
a smaller percentage of the exports. Railroads have moved a large
percentage of C. C. C. grain stocks into the Gulf port export outlets in
the past, but Agricultural policy is for continuing grain exports through
private marketing channels. As the private marketing pattern develops
further, the allocation of grain sorghum exports will approach that of wheat
(45 percent by truck and 55 percent by rail).

44. Allocation of Grain Shipments.- As a result of these analyses,
it was estimated that approximately 45 percent of the wheat and 15 percent
of the grain sorghum exports in the study area for the base year 1965,
moved to the export market outlets by trucks while the remaining 55 and
85 percent respectively, was shipped by rail and truck to domestic and
export market outlets. These percentages were confirmed by representatives
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of major grain firms and represent the potential waterborne commerce in
grain on the proposed Trinity River Waterway. Accordingly, the analysis
of potential traffic in wheat and grain sorghum is based on 45 and 15
percent respectively.

PROSPECTIVE TRAFFIC

45. Estimates of Prospective Grain Traffic.- Prospective grain
traffic to be analyzed for possible diversion to the proposed waterway
was based on the 1965 base year statistics of wheat and grain sorghum
production for counties within the tributary area of the Trinity River.
Column 2 of table 11 and columns 6 & 4 of table 12 show that 9.841
million tons of wheat and 8.495 million tons of grain sorghum were pro-
duced within the study area in 1965. Of the 9.841 million tons of wheat and
8.495 million tons of grain sorghum produced in the study area, 6.723
million tons of wheat (approximately 68%) and 2.055 million tons of
grain sorghum (approximately 24%) moved into export market outlets. Using
the allocation of export grain traffic developed in paragraph 44, it
was further estimated that 3.025 million tons of wheat (approximately
45%) and 0.308: million tons of estimated grain sorghum (approximately 15%)
moved into export market outlets by truck. Accordingly, for the
purposes of this repor, prospective grain traffic is estimated at
3.025 million tons of wheat and 0.308 million tons of grain sorghum.
Detailed estimates of prospective traffic on a county by county basis
are given in table B of the supplemental data. A summary of 1965
production statistics for the United States, the Tri-State area of Texas,
Kansas, and Oklahoma, and the Study Area is presented in line one of
table 12.

ANALYSIS OF BEFITS - EXISTING TRAFFIC

46. Assumptions.- The analysis of transportation charges is based
on the following assumptions:

a. The county "shipping point" is the representative origin
in each county in the study area which contains major grain storage and
handling facilities.

b. A handling charge of $0.75 per ton is included in the
transportation charges when grain is transferred from truck to elevator
and from elevator to barge.

c. Unit savings of $0.21 or more per ton in transportation
costs will be required to induce grain firms and shippers to divert
shipments to the proposed waterway. Therefore, movements with unit
savings of $0.20 or less were eliminated for insufficient savings.

d. Movements with total savings of less than $500.00 were
eliminated for insufficient tonnage.
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TABLE 1)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

GRAIN STUDY

SUMMARY OF TONS OF WHEAT AND GRAIN SORGHUM TRAFFIC DEVELOPED, ANALYZED, AND ELIMINATED AS PROSPECTIVE COMMERCE
(2,000 ibs =short ton)

WHEAT
Total (4) Production

Study area (3) eliminated Production accepted as
State (1) Study area (2) quantity by accepted for waterwayproduction production shipped export screening rate analysis Eliminated by Analysis commerce 1965 Savings 1985 Savings(thousands (thousands (thousands (thousands (thousands No Insufficient (thousands (thousands (thousandsState of tons) of tons) of tons) of tons) of tons) savings savings Volume of tons) of dollars) of dollars)

Texas 2,178.9 2,142.0 1,464.0 805.0 659.0 22.0 3.0 5.0 629.0 $ 422.0 $448.0
Oklahoma 3,987.5 3,825.0 2,613.0 1,437.0 1,176.0 587.0 160.0 0.0 429.0 271.0 288.0
Kansas 7,308.7 3,692.0 2,522.0 1,387.0 1,135.0 1,111.0 24.0 0.0 0.0 0.0 0.0
Colorado 624.3 44.0 30.0 17.0 13.0 0.0 7.0 0.0 6.0 3.0 3.0
New Mexico 147.7 138.0 94.0 52.0 42.0 0,0 0.0 1.0 41.0 23.0 24.0

Sub-total 14,247.1 9,841.0 6,723.0 3,698.0 3,025.0 1,720.0 194.0 6.0 1,105.0 $ 719.0 $763.0

GRAIN SORGHUM
Texas 8,000.7 5,680.0 1,374.0 1,168.0 206.0 14.0 10.0 8.0 174.0 $ 111.0 $139.0
Oklahoma 627.8 555.0 134.0 114.0 20.0 4.0 1.0 5.0 10.0 4.0 5.0
Kansas 3,827.9 1,690.0 409.0 348.0 61.0 52.0 9.0 0.0 0.0 0.0 0.0
Colorado 365.8 230.0 56.0 48.0 8.0 0.0 3.0 1.0 4.0 2.0 2.0

New Mexico 409.5 340.0 82.0 69.0 13.0 0.0 2.0 1.0 10.0 6.0 8.0

Sub-total 13,231.7 8,495.0 2,055.0 1,747.0 308.0 70.0 25.0 15.0 198.0 123.0 154.0

TOTAL 27,478.8 18,336.0 8,778.0 5,445.0 3,333.0 1,790.0 219.0 21.0 1,303.0 842.0 917.0

(1) Total grain produced in the five state area in 1965. Information obtained from Texas, Oklahoma, Kansas, New Mexico, and Colorado, individual state statistics compiled in cooperation withthe U.S.D.A. for 1966.
(2) Total grain produced in considered study area in 1965.
(3) Export shipments from the study area amount to 68.32 percent of wheat and 24.2 percent of grain sorghum production.(4) Rail exports eliminated by screening, 45 percent for wheat, 75 percent for grain sorghum plus additional 10 percent adjustment on each for other variable factors affecting mode of transportation.
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TABLE 12

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

GRAIN STUDY

PROJECTED GRAIN TONNAGES FOR WHEAT AND GRAIN SORGHUM

(1965-2035)

WHEAT
(In Short Tons)

.1. 2 3 4 5 6

Kansas & : : Trinity River
United States: Texas - Oklahma T ate : studyarea

total : total total : total total
le-ari:i- nn "uurniiint nn nr-uti-

7

Study area
movements to
export market

8 9
Production

:transported :Tons diverted
:by truck for: to proposed

export :Trinity River
:(45% Col.? ): waterway

Yer roduction : racin racin rucj uu -u

(1)1965: 39,468,000 : 2,179,000: 11,296,000: 13,1475,000: 9,841,000 : 6,723,000 :(2) 3,025,00D: 1,105,000

1985: 49,013,000 : 1,9147,000 : 13,316,000 : 15,263,000: 10,1441,000 : 7,133,000 : 3,214QCDO: 1,172,000

2000: 54,557,000 : 2,128,000 14,822,000: 16,950,000: 11,376,000 : 7,772,000 : 3,1497,11)0: 1,277,000

2010: 59,085,000 : 2,273,000: 16,052,000 : 18,325,000 : 12,138,000 : 8,289,000 : 3,7340C00: 1,362,000

2020: 64,030,000 : 2,433,000 : 17,396,000: 19,829,000 : 12,951,000 8,8147,000 : 3,981,000: 1,1454,000

2035 71,133,000 : 2,662,000 : 19,325,000: 21,987,000: 13,955,000 9,533,000 : 4,289,000: 1,567,000

GRAIN SORGHUM
(In Short Tons)

1 2 3 4p 6 7

Production

":Trinity River: Study area :transported : Tonnage

rUnited States: : Study area : movements to :by truck to : diverted

" total. : Texas total : total : export markets : export market : to proposed

Year : production : production : production : (24.2% Col.
14 ) : (15% Col.5) : waterway

(1) 1965 : 18,6149,700 : 8,000,700 : 8,495,000 : 2,056,000 :(2) 308,000 : 198,000

1985 : 23,208,000 : 10,357,00 : 11,001,000 : 2,566,000 : 384,000 : 247,000

2000 : 25,540,000 " 11,471,000 : 12,182,000 : 2,671,000 : 400,000 : 257,00

2010 : 27,226,000 : 12,251,000 : 13,006,000 : 2,741,000 : 411,000 : 264,000

2020 : 29,001,000 : 13,105,000 : 13,915,000 : 2,813,000 : 421,000 : 271,000

2035 : 32,825,000 : 14,993,000 : 15,920,000 : 3,222,000 : 483,000 : 310,000

(1) Historical Data

(2) Amount usedin Rate Analyses ( :45% and 15% of wheat and grain sorghum exports respectively).



47. Method.. The analysis of grain transportation savings via the
Trinity River was computed as the difference between the existing truck
and water charges or a combination thereof from county shipping points to
existing ports, and the truck charges to Ft. Worth or Dallas and barge
charges on the Trinity River thence to existing ports. The benefits
were computed by multiplying the unit savings per ton by the prospective
grain tonnage in each county. Figure 1 of the supplemental data is an
example of a county rate sheet and illustrates the basic method of
computing the unit savings, showing the alternate waterways, barge rates
and modes of transportation considered in the analysis. A tabular list of
the accepted savings and wheat and grain sorghum tonnage moving by truck
into the port of Houston for export from each selected county shipping point,
within the tributary area is shown in table B of the supplemental data.
Figure 2 of the supplemental data shows a map of the grain study and
tributary area of the Trinity River. Grain shipments from the counties
shown in the study area were analyzed to establish the tributary area.
The counties determined to have sufficient savings in grain shipments via
the authorized waterway comprise the tributary area and are shown in
detail in figure 3 of the supplemental data.

48. Benefits.- Grain production in the study area for the base
year 1965, was approximately 9.841 million tons of wheat and 8.495
million tons of grain sorghum. Table 11 shows a summary of the tonnages
of wheat and grain sorghum eliminated by screening and traffic analysis.
As a result, there are 1.105 million tons of wheat and .198 million tons
of grain sorghum with transportation savings of $719,000 and $123,000
respectively, which are accepted as benefits from existing grain traffic
that could have been derived from movement of grain over the proposed
Trinity River waterway in 1965.

GRAIN PROJECTIONS

49. Wheat Projections,- Wheat projections were developed from
data furnished by the Economic Research Service (ERS), Department of
Agriculture, through Texas A.&M. University. This information
included total projected United States and Texas wheat production for
the years 1980, 2000, and 2020. The United States projected wheat
production is 47.165 million tons in 1980, 54.557 million tons in 2000,
and 64.030 million tons in 2020. Texas projected wheat production is
1.887 million tons in 1980, 2.128 million tons in 2000, and 2.433 million
tons in 2020. The estimated U. S. wheat production of 49.013 million tons
and Texas wheat production of 1.947 million tons for the beginning year
of the project, 1985, were obtained by interpolation from the projected
1980 and 2000 production estimates. Similarly wheat production in 2035
was obtained by extrapolation and is estimated at 71.133 million tons for
the U. S. and 2.662 million tons for Texas. Wheat projections were not
available for Kansas or Oklahoma; therefore, to acquire these projections,
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historical wheat production for these states was first related as a
percentage of the total United States production for the years 1957
through 1965. The average of these percentages (27.168 percent) was
assumed to remain constant for the years 1980, 2000, and 2020.
Projected wheat production for Kansas and Oklahoma was derived by
multiplying the assumed 27.168 percent for these states by the
projected total United States wheat production for the required projected
years. The two state total projected production in 1980 is 12.814
million tons, for 1985 is 13.316 million tons, for 2000 is 14.822 million
tons, for 2020 is 17.396 million tons, for 2035 is 19.375 million tons.

50. Based on series 2-B population projections from the U. S.
Bureau of Census, the projected population for the three state area was
computed for the years 1980, 1985, 2000, 2020, and 2035. Domestic
per capita wheat requirements were also computed to be .08595 tons per
person from ERS information. To obtain the three state domestic wheat
requirements, the projected population was multiplied by the per capita
wheat requirements. The difference between the estimated total wheat
production and the estimated domestic requirements represents the
estimated amount of wheat that is available for export from the three
state area. On this basis, the volume of export wheat estimated for
specific production years amounts to 13.0 million tons in 1980; 13.4
million tons in 1985; 14.7 million tons in 2000; 16.7 million tons in
2020; and 18.0 million tons in 2035.

51. In order to compute wheat exports via Trinity River, it was
necessary to determine the historical relationship between the three
state area's actual exports and possible exports. Actual wheat exports
from Texas Gulf ports for the years 1957-1965, obtained from the Corps
of Engineers - Waterborne Commerce, Part 2 and 5, were taken as a
percentage of the computed possible exports. The average of these
percentages (68.32 percent) was assumed to remain constant throughout
the project life. Thus, by multiplying the assumed 68.32 percent by
the possible three state wheat exports, the projected wheat exports
obtained were: 8.9 million tons for 1980; 9.2 million tons for 1985;
10.0 million tons for 2000; 11.4 million tons for 2020; and 12.3 million
tons for 2035. The projected wheat production for the U. S. and the
tri-states throughout the project life are shown in table 12.

52. Wheat projections were obtained for the required counties in
New Mexico and Colorado by using the factors of increase as developed
for the above three state area. Separate projections for these states
were not considered necessary, due to the small quantity of wheat
involved and the similarity of the two states' county economics as
related to the three state area.

53. Grain Sorghum Projections.- Grain sorghum projections were
developed from information furnished by the Economic Research Service
through the courtesy of Texas A.&M. -University. This information
included the total United States and Texas grain sorghum projected
production and exports for the years 1980, 2000, and 2020. Further
information indicated that Texas produced 43% of the nation's grain
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sorghum in 1965 and an average of 59.8% of the total grain sorghum
production in the five states within the study area. Thus, Texas
production was used as the basis for determining the projection factors
for future production and exports of grain sorghum.

54. ERS information projected Texas grain sorghum production in
1980 at 10.016 million tons; in 2000 at 11.471 million tons; and in
2020 at 13.105 million tons. Production figures for the years 1985,
the beginning of project life, and 2010, the mid-year of the project,
were obtained by interpolation of the projected 1980, 2000, and 2020
production estimates and are 10.357 and 12.251 million tons, respectively.
The production figure for the year 2035, the end of the project life, was
obtained by extrapolation and is estimated at 14.993 million tons.

55. Similarly, ERS projections of Texas exports were analyzed to
determine the estimated tonnages of grain sorghum exports. It is
estimated that grain sorghum exports will amount to 2.385 million tons
in 1980; 2.417 million tons in 1985; 2.517 million tons in 2000; 2.583
million tons in 2010; 2.650 million tons in 2020; and 3.035 million tons
in 2035.

56. Statistical data shown in table 7 indicates that for the 10
year period (1956-1965) Texas has produced an average of 59.8% of the
total five state production of grain sorghum. Statistical data on the
percentages of Texas production moving to the export market is not
available, therefore, it was assumed that the total exports of grain
sorghum moving through the Gulf ports, as shown in table 6, represents
the total exports from the five state area. It was further assumed that
each of the five states would export tonnage in the same relation as its
production (Texas was 24.2% export). Thus in 1965, the Gulf ports
exported 3.2395 million tons of grain sorghum with Texas exports
amounting to 1.9372 million tons (3.2395 million tons x 59.8%). This
figure represents 24.2% of Texas grain sorghum production in 1965. The
percentages of grain sorghum exports as related to total production as
furnished by ERS for the years 1980, 2000, and 2020 are 23.8%, 21.9%,
and 20.2%, respectively. Therefore, 1.9372 million tons were used as
the 1965 base year, export figure for Texas. The projected tonnages
of grain sorghum production throughout the project life for the
U. S. and Texas are shown in table 12.

BENEFITS FROM FUTURE GRAIN TRAFFIC

57. Benefits from Future Grain Traffic.- Benefits to be derived
from future transportation of wheat and grain sorghum on the proposed
waterway are based on the projections of wheat and grain sorghum
production as discussed in paragraphs 49 and 53 and summarized in
table 12. The factors of growth developed in the grain projections
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were applied to the transportation savings developed in the rate analysis.
Table 13 summarizes the estimates of tonnages and savings to be derived
during the proposed project life.

58. The total benefits attributable to the proposed project at the
beginning of the project life in 1985, as shown in table 13, is estimated
to be $917,000. The benefits to be derived from future grain traffic
during the 50 year project life from 1985 to 2035, were estimated in
accordance with the formula and procedures described in EM 1120-2-118,
Appendix II and Senate Document 97, 87th Congress. An interest rate of
3- percent was used to reduce the total future benefits to an average
annual equivalent benefit. The average annual equivalent benefits to be
derived from the increment of increasing future transportation savings
attributable to the proposed Trinity River Waterway is estimated at
$103,000.

59. Summary of Benefits.- The total average annual equivalent
benefits attributable to the proposed Trinity River Waterway from
savings realized from grain shipments is estimated at $1.020 million
as shown in table 14.
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WHEAT
Tonnage

diverted to Tz
waterway

1,105.0

1,172.0

1,277.0

1,362.0

1,454.0

1,567.0

ransportat:
savings

$719.0

763.0

831.0

887.0

946.0

1,020.0

TABLE 13

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

GRAIN STUDY

SUVIMARY OF ESTIMATED GRAIN TONNAGES AND
TRANSPORTATION SAVINGS DURING PROJECT LIFE

(In 1000's)

GRAIN SORGHUM
Tonnage

ion Growth diverted to Transportation
factor waterway savings

1.000 198.0 $123.0
1.061

247.0 154.0
1.156

257.0 160.0
1.233

264.0 164.0
1.316

271.0 168.0
1.418

310.0 193.0

Growth
factor

1.000
1.248

1.299

1.333

1.368

1.567

TOTALS
Tonnage

diverted to Transportation
waterway savings

1,303.0 $842.0

1,419.0 917.0

1,534.0 991.0

1,626.0 1,051.0

1,725.0 1,114.0

1,877.0 1,213.0

(1) Base year of project
(2) Beginning of project life

U' Year

1965(1)

1985(2)

2000

2010

2020

2035

....... Ru.mm



TABLE 14

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

GRAIN STUDY

SUMMARY OF BENEFITS

Benefits from Transportation
Savings

Beginning of Project
Life (1985)

Increased
Future Grain
Movements (1986-2035)

Total Average Annual
Equivalent Benefits

$ 917,000

- Average annual equivalent 103,000

$1,020,000
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TRINITY RIVER AND TRIBUTARIES, TEXAS

NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SUPPLEMENTAL DATA
TO

GRAIN STUDY
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TABLE A

TRINITY RIVER AND TRIBUTARIES. TEXAS

NAVIGATION PROJECT
REEVALUATION OF NAVIGATION FEATURES

GRAIN STUDY

CONSTRUCTED

MILEAGE CHARGE TON

0=35------ $166

36-40-=------o1071

41-45- -1376

46-50Q(-OCO1Q82

51-60a o----1o92

61-70------Q2 02

71-80-------2 13

81-90 ===1 = 2o23

911100==--=-2.34

1101-110----Q-2o44

111-120-=----2o54

121-130------2o65

131-140----=-2o75

14O50-286

151-160-=-=--2o96

161=170=-=3Ot

171-180------3O17

181=190---m -3.27

191-200==AO--3O3

Shr mm

NOTE o Using actual costs of truck movements th -- nSt kte ;ruck scale

was developed from date furnished by grain and truckers.
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TRUCK SCALEFORWH3 AT_ &GRAIN

MILEAGE CHARGE TON

201-210=------$3048

211220----- 3558

221-230--------3O69

23140---379

241-250-oo----=3 90

251 260 oocaoo4.00

261-280 ------- 4 21

281 300 C-4042

301-320-----4--4063

321-340 --- At--- 4o M

341-360-----o06

361-380--------5 27

381=400Q-,-Q---5o48

401-420Oc- -5.69

421-440--- ----5O90

441-460=- -c-- x.12

461=480-=-===(-6o33

481-500--o-==--6.54

5 0 -2 0 --- 6 7 5

SORGHUM

MILEAGE CHARGE f TON

521-540--==--$6o96

541-560=-=--Q-.17

561-580 =.: ==-7o39

581600-=---= n7.60

601-620--------7.81

621-640C-C====8.02

641660823

661-680=-===C=8 44

681-700 -- 8.66

701-720--===--8o87

721-740--------9 08

741-760----==-=9.29

7619-780- Q-----9 50

7 81 00= GO== -0 09.o7

801-8209------->992

821840--- -110.14

841-860--==4.10.35

8618801 -0056

881-900 '-4OpQ10.77



TABLE B
DETAILED ANALYSIS OF TRANSPORTATION CHARGES ON PROSPECTIVE TRAFFIC

NAME OF PROJECT TRINITY RIVER RESTUDY
DIRECTION OF TRAFFIC MOVEMENT DOWNROUND WHEAT

-PAGE 1 OF 6
TRANSPORTATION CHARGES VIA LOWEST AVAILABLE ROUTE TRANSPORTATION CHARGES VIA PROPOSED WATERWAY

' CUNTY RANSFR SAINGAR COUNTY TONS ORIGIN TRANSFER TRANSFER P TAtALN l:PR ZoPOT RATE TO, AND- BARE RATE 1PT O AD BREPT E OA
See Note s 2!PORT l PORT HANDLING PORT PORT TOTAL at PORT 2Oa PORT POR TO AND P TORT TOTAL O

AT lt PORT PT I PORTsee Note
(2) (3) 4- I) 15) 161 (7 l( 19) 1101 "11"'"121"1131"141"1"161 1171

TnAS

O4 *a&Im 10,000 Dalhart Houston 8.668.66 Ft. Worth Houston 5.90 .75 1.27 7.92 0.74 $ 7,000

S 28,000 Stratford Casoaa Baton Rouge 5.48 .75 2.35 8.58 " 5.90 .75 1.27 7.92 0.66 18,000

106 I aaat 41,000 Spearman " " 5.06 .75 2.35 8.16 " " " 5.48 .75 1.27 7.50 0.66 27,000
1 -.a 23,000. Perry " " 4.63 .75 2.35 7.73 " " '5.27 .75 1.27 7.29 0.44 10,000

.E 4. Linsegab 13.000 Lipscomb " 4.42 .75 2.35 7.52 " " " 5.06 .75 1.27 7.08 0.44 6,000

19 4.l ._. _ 9.000 Hartley Houston 8.44 8.44 " " . 5.69 .75 1.27 7.71 0.7 7,000
0-- -- , _", ____ .36,000 Dimas " 8.23 8.23 " " " 5.48 .75 1.27 7.50 0.73 26,000

!1 --- -i a-a 4 14,000 Borger 7.81 7.81 " " 5.06 .75 1.27 7.08 0.73 10,000

________ 3,000Miami Catoosa Baton Rouge 4.42 .75 2.35 7.52 " " 5.06 .75 1.27 7.08 0.44 1.000
.13 

4 ehphil 4,000 Canadian " " " 4.42 .75 2.35 7.52 " " 4.85 .75 1.27 6.87 0.65 3,000

114 Ol1" 5,000 Vega Houston 8.02 8.02 " " 5.27 .75 1.27 7.29 0.73 4,000

115 Potter 3,000 Amarillo " 7.60 7.60 " " 4.85 .75 1.27 6.87 0.73 2,000

[ig ea. ,_ __ 21,000 Panhandle " 7.60 7.60 " " " 4.85 .75 1.27 6.87 0.73 15,000

, 9.000 Pampa " 7.39 7.39 " " 4.85 .75 1.27 6.87 0.52 5,000
1 161 IheaaIlA_ 3,000 Shamrock " 7.17 7.17 " " " 4.42 .75 1.27 6.44 0.73 2,000

119 Daa _ . ,38,000 Hereford " 7.81 7.81 " 5.06 .75 1.27 7.08 0.73 28000

__________, , 17,000 Canyon " 7.81 7.81 " " 5.27 .75 1.27 7.29 0.52 9,000
123 A _____g8,000 Claude " 7.39 7.39 " " " 4.63 .75 1.27 6.65 0.74 6,000

l 4 2,000 Clarendon " 7.17 7.17 " 4.42 .75 1.27 6.44 0.73 1,000

12 Cllingsworth 3,000 Wellington 6.75 __ 6.75 " 4.00 .75 1.27 6.2 0.73 2,000

12 h __ __. 42,000 Farwell 7.81 7.81 5.27 .75 1.27 7.29 0.52 22000

12 _ . _29,000 Dsnmitt " 7.147.81 " " 5.06 .75 1.27 7.08 0.73 21,000

12k4 .iazr32,000 Tulia 7.60 7.60 " " 4.85 .75 1.27 6.87 0.73 23,000
12 Sri.coemj 7,000 Silverton " 7.17 7.17 " " 4.42 .75 1.27 6.44 0.73 5.
121 j_ 1,000 Turkey " 6.96 _6.96 " _ 4.21 .75 1.27 6.23 073

129 ^!lSere 6,000 Childress 6.54 6.54 " 3.69 .75 1.27 5.71 0.83 5,000Ii 3,000 Muleshoe "_.7.60 7.60 " " 5.06 .75 1.27 7.08 052
131 La 2,000 Littlefield " 7.17 7.17 " " 4.85 .75 1.27 6.87 0.30 1,000
132 Hal 17,000 Plainview " _7.39 7.39 " " 4.63 .75 1.27 6.65 074 13,000

_________20,000 Floydada " 6.96 6.96 " " 4.63 .75 1.27 6.65 0.1 6000
134 1 iatlaw- 1.000_ 4.21

3.79

.75

.75 1.27
ITT 1 9 9 --- ____

i I_ TOTAL 1 ,
1u C 2000 Paducah " 6.54 6.54 ""

TOTALS 452,000 ..

NOTE: Tonnages and Savings Rounded to Nearest 1,000

-- ," -L*,- i O G U 7L i 1. UUU
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TABLE B
DETAILED ANALYSIS OF TRANSPORTATION CHARGES ON PROSPECTIVE TRAFFIC

NAME OF PROJECT TRINITY RIVER RESTUDY
DIRECTION OF TRAFFIC MOVEMENT DOWNBOUND WHEAT

PAGE ._2__ OF 6

TRANSPORTATION CHARGES VIA LOWEST AVAILABLE ROUTE TRANSPORTATION CHARGES VA PROPOSED WATERWAY
-- -- -SAVING

CARD COUNTY TONS ORIGIN TRANSFER ~ ~ TRANSFER PER TOTAL
NO C T1 PORT 2UdPORT RATE TO AND BARGE RATE I PORT 2nd PORT RATE TO AND BARGE RATE TONIs( PONT2dP ta OT HANDLING POTo PORT TOTAL 1st PORT ANDLING PORT to PR TOTA

See Note AT Ist PORT 13 AT at PORT ee NoSP
111 (2) (3)1 1( ) (51 (6) (7) (R) (9) ((0) (11) (12) (13) (14) (15) (I) __T

TEXAS_____I______t

136 Hardeman 9,000 Quanah Houston 6.12 6.12 Ft. Worth Houston 1.38 .75 1.27 5.40 0.72 2L... $. 6

137 Foard 7,000 Crowell 6.12 6.12 _ _ _ " 3.38 .75 1.27 5.40 0.72 5000

138 Wilbarger 17,000 Vernon 5.90 5.90 " " " 3.06 .75 1.27 5.08 0.82 14,000

139 Wichita 11,000 Wichita Falls " 5.27 5.27 " " " 2.54 .75 1.27 4.56 0.71 a ,00

140 Cochran 1,000 Morton " 7.60 7.60 " " " 5.06 .75 1.27 7.08 0.52 1,000

143 Crosby 6,000 Cros yton " 6.96 - 6.96 4.21 .75 1.27 6.23 0.73 4,000
144 Dickens 1,000 Dickens " 6.54 6.54 " " 3.79 .75 1.27 " 5.81 0.73 1,000

146 Knox 11,000 Gilliland " 5.90 5.90 " " 3.17 .75 1.27 5.19 0.71 8,00

147 Baylor 12,000 Seymour " 5.48 5.48 " " " 2.75 .75 1.27 4.77 0.71 9,000

148 Archer 5,000 Archer City " .27 _5.27 " " " 2.44 .75 1.27 4.46 0.81 4.000

149 Clay 5,000 Henrietta " _._6_ 5.06 " " " 2.34 .75 1.27 4.36 0.70 00
151 Cooke 4,000 Gainesville " 4.63 _ __ _ 4.63 _Dalas _ 2.02 .75 1.12 3.89 0.74 90-9_

152 Grayson 11,000 Sherman -4.63 4.63 " " 1.92 .75 1.12 3.79 0.84 9,000

158 Stonewall 2,000 Aspermont " 5.90 5.90 Ft. Worth " 3.38 .75 1.27 5.40 0.50 1,000

159 Haskell 7,000 Haskell 5.69 5.69 " " " 3.27 .75 1.27 5.29 0.40 3,000

160 Throckmorton 6000 Throckmorton " 5.48 5,8 " 2.75 .75 1.27 4.77 0.71 4,000

161 Young 8,000 Graham 5.06 5.06 " " 2.34 .75 1.27 4.36 0.70 6,000

163 Wise 1,000 Decatur -_" 4.63 4.63 " " " 1.76 .75 1.27 3.78 0.85 1,000

164 Denton 6,000 Denton 4.63 4.63 " 1.66 .75 1.27 3.68 0.95 6,000

165 Collin 11,000 McKinney " 4.21 4.21 Dallas 1.66 .75 1.12 3.53 0.68 7,000

166 Fannin 5,000 Bonham 4.63 4.63 "_"__2.02 .75 1.12 3.89 0 74 4,000

169 Hunt 3,000 Greensville 4.21 4.21 R 1.76 .75 1.12 3.63 0.58 2,000

172 Rockwall 1,000 Rockwall 4.21 4.21 " " 1.66 .75 1.12 3.53 0.68 1,000

173 Dllas 5.000 Dellas " 3.90 3.90 " "--- .75 1.12 1.87 2.03 10,000

174 Tarrant 1,000 Ft. Worth 4.21 4.21 Ft. Worth "--.75 1.27 2.02 2.19 2,000

176 Stephens 1,000 Breckenridge " _5.27 5.27 " 2.44 .75 1.27 4.46 0.81 1,000

177 Shacke"ford 2,000 Aany _5.48 5.48 " " 2.6575 1.27 4.67 0.81 2,000

178 Jones 6.000 Anson " 5.48 5.___" "_"__.06 .75 1.27 5.08 0.40 2 000

TOTALS TOTAL 8000

NOTt: Tonnages and Savings Rounded to Nearest 1,000



TABLE BDETAILED ANALYSIS OF TRANSPORTATION CHARGES ON PROSPECTIVE TRAFFIC
NAME OF PROJECT TRINITY RIVER RESTUDY
DIRECTION OF TRAFFIC MOVEMENT DOWNBOUND WHEAT

PAGE . OF.6
TRANSPORTATION CHARGES VIA LOWEST AVAILABLE ROUTE TRANSPORTATION CHARGES VIA PROPOSED WATERWAYCARD COUNTY TONS ORIGIN TRANSFERTG

NO OG PORT 2nd PORT RATE TO AND BARGE RT R TRANSFER GRATO TOTAL
See Note I"p PORT HANDLING PORTis PORT TOTAL Iat PORT AD PORT RATE TO AN PORT ATOTEAT tt PORT AT lt PORT See Note1 (2) (3) (4) IS 6) 71 ()A9 (101A1T1121A131 T(1 ) 131 (16 (171

TEXAS j --R---

179 Fisher 2.000 Roby Houston 5 69 5.69 Ft. Worth Houston 3.27 .75 1.27 5.29 0.40 $ 1.00019 Taylor 7,0 Abilene " ______ 5.27 5.27 " " 2.6 .5 17 498 09
192 Callahan 3,000 Baird " 5.06 5.06 " " 2.75 .75 1.27 4.7

TOTALS 12.000tTOTALS 
- $

COLORA"

63 Baca ' 5,000 Springfield Catoosa Beton Rouge 6.12 .75 2.35 9.22 Ft. Worth Houston 6.75 .75 1.27 8.77 0.45 $ 2,000
65 Las Animas 1000 Trinidad Houston 1014 10.14

TOTALS 60OTA 
$ 3,000

NEW EUCO
67 Quay 5,000 Tucumcari " 8.87 8.87 6.12 .75 1.27 8.14 0.73 4000

322 Curry 33,000 Clovis " 8.02 8.02 " " 5.48 .75 1.27 . 7.50 0.52 ,
323 Roosevelt 3,000 Portales " 8.23 8.2 " "

- 5.69 75 1.27 771 0.2 2.0TOTALS 41,000 I TOTALS ____

K1AHC4__

7 Canadian 42,000 El Reno Catoosa Baton ouge 2.86 .75 2.35 5,96 Ft. Worth Houston 3.48 .75 1.27 5.50 0.46 19.00013 Cleveland 4g Norman . " " ' 2.75 .75 2.35 5.85 Ihilas " 3.38 .75 _112__ __23_ 0.6 20_
14 McClain 4.000 Blanchard " " " 2.86 .7FL .t- . 5.96 .Worth "-27 .75 1.27 5.29 0.67 __ 3 000

19 Texas 36,000 G ^ 
on " htn.Rsug. 5.06 .75 8.16 " " " 5.90 .75 1.27 7.92 0.24 _

26 Beckhal 11,000 Elk City " " 3.58 75 35 I 6 .A.." ".. 127 6.44 024 3000
27 Garvin 3,000 Paoli Houston 5.69 ',.._ 5 5?eDalls .06 1 ,7?5 112 4.2.76

28 Kiowa 4 Hobart "_,54 .s4 Ft. Worth " 3.79 .75 1.27 5.81_ Q73 000
30 Grady 18,000 Chickasha " 5.90j 590 "_ 306 .75 1.27 5.08 0.82 15000
31 Washita 48,000 Bessie Catoosa Baton Rouge 3.38 .75 2.35 6.48 " " 400 7 127 6. .46. 2a.
35 Cimarron 10,000 Boise City " " 5.69 .7512.35 8.79 " " 6.33 .75 1.27 _,032 . 00

______ I. i i _6.____ __.. _ _ __.___ TOTAL2 _4_ 14037 Caddo 35,000 Anadarko Houston _ 6.1_ If " "27.5.29 0, 29000
38 Roger Mille 7,000 Haon Catoosa Baton Rouge 358 75 2 35 6 68 e ".70.24

40 Hason 12,000 Gould Houston 6.54 _.54 _ _ 3.69 .75 1.27 5.71 083 10,000
TOTALS 277,000 

-TOTAL_ 
_--__ _ _

NOTE: Tonnges and Savings Rounded to Nearest 1,000

U'



TABLE B
DETAILED ANALYSIS OF TRANSPORTATION CHARGES ON PROSPECTIVE TRAFFIC

NAME OF PROJECT TRINITY RIVER RESTUDY
DIRECTION OF TRAFFIC MOVEMENT DOWNBOUND WHEAT

PAGE 4. OF..6.

TRANSPORTATIONCHARGES VIA LOWEST AVAILABLE ROUTE TRANSPORTATIONCHARGES VIA PROPOSEDWATERWAY

CARD COUNTY TRANSFER TRANSFER PER TOTAL
NO TONS ORIGIN PORT RATE TO AND -SARGE RATE1POT 2n4 POT RATE TO ANO BARGE RATE TON

Tt PORT I ORT HANDLING ORTIPORT TOTAL Isf PORT HANDLING PORT. POR TOTAL
See Note AT 1t PORT AT 101 PORT _ See Note

) (2) (3) 141 (5) 61 iii 1 ) (0 ) (10 ) ill) _ (12) (13) 1141 (I5) (SI (7)

_ EL_ _AAo _ __ _

41 Oreer 14,000 Manga_ Houston - 6.54 6.54 ' .Wat Houstn 3.69 .75 1.27 5.71 10.83 12000

42 Jeks 30,000 Altus" 6.33 6.33 H H 3.38 .75 1.27 5.40 0.9 28,000

43 Tillman 54,000 Loveland 5.69 5.69 .96 .75 1.27 4.98 0.71 38,O

44_ ama13,000 Lawton 5.90 5.90 " .17 .75 1.27 5.19 0.7 9000

45 Cottn 31,000 Walters " 5.69 5.69 H " " 2.96 .75 1.27 4.98 0.71 22,000

46 Stephens 5,000 Duncan 5.48 5.48 " " " 2.75 .75 1.27 4.77 0.71 4,000

47 Jefferson 2,000 Ringli5g - -. 48 5.48 . " " . "286- -75..27L z 2o

50 Mory 1,000 Davis "_5.48 5.48 Dallas 2.86 .75 1.12 4.73 0.75 1,000

53 0arehell 1,000 adiU " 5.27 5.27 H 2.65 .75 1.12 4.52 0.75 1,000

54 Bryan 1,000 Durant " 4.85 4.85 H " 2.34 .75 1.12 4.21 0.64 1000

TOTALS 152,000 *$7000

SREeIARY OF SHEET TOTALS FOR WNEAT
Tonnages Saving

Sheet 1
Texas 452,000 $290,000

Sheet 2
Tegee 165,000 128,000

Sheet 3 -
Tmas 12,000 4,000
Coloeado 6,000 3,000
Ne MNeico 41,000 23,000
Oklahoma 277,000 154,000

Shet 4
Oklahoma 152.000 $117,000

TOTAL 1,105,000 $719,000

TOTAL dr .

NOTE: Tonges sod Savings Ronded to Nearest 1.000

N%
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TABLE B
DETAILED ANALYSIS OF TRANSPORTATION CHARGES ON PROSPECTIVE TRAFFIC

NAME OF PROJECT TRINITY RIVER RESTUDY
DIRECTION OF TRAFFIC MOVEMENT DOVINBOUNO GRAIN SORGHUM

PAGE . OF 6
TRANSPORTATION CHARGES VIA LOWEST AVAILABLE ROUTE TRANSPORTATION CHARGES VIA PROPOSED WATERWAY

CARD COUNTY TONS ORIGIN TRANSFERr TRANSFERPER TOT
NO - Ist PORT 2nd PORT RATE TO AND T APE ATEIsPORT 2n PORT RATE TO AND PARG RATE

-. ) PORT HANDLING PORTa PORT TOTALO PORT ANODNG PORT A PORT TOTAL
See Note AT.1_ _PORTAT It PORTSeeNte

III (2) (3) (4) 15) () (7) 1) (9) 1101 (11) (12) (13) (141 (15) 116) (7) _eeNt

TEXAS _

104 DHalRm 7,000 Dalhart Houston 8.66 8.66 Ft. Worth Houston 5.90 .75 1.27 7.02 0.74 $ .,.0.
105 Sherman 6000 Stratford Catoosa Baton Rouge 5.48 .75 2.35 8.58 " " " 5.90 .75 1.27 7,92 0,66 ,
106 Hansford 9,000 Spearman " 5.06 .75 2.35 8.16 " " " 5.48 .75 1.27 7.50 0.66 6. 6,
107 Ochiltree 2,000 Perryton " " " 4.63 .75 2.35 7.73 " " " 5.27 .75 1.27 7.29 0.44 1.000
109 Hartley |,000 Hartley Houston 8.44 8.44 " " " 5.69 .75 1.27 7.71 0.73 2,000
110 Moore 5,000 mas " 8.23 8.23 " " " 5.48 .75 1.27 7.50 0.73 4.000
111 Hutchinson 1,000 Borger " 7.81 7.81 " " " 5.06. 127.. L7,L 572..
11 Oldham 1,000 Vega " 8.02 8.02 " " " 5.27 .75 1.27 7.29 0.73 1,000
115 Potter 1,000 lAmarillo " 7.60 7.60 " 4.85 .75 1.27 6.87 0.73 1,000

116 Carson 4,000 Panhandle " 7.60 7.60 " " " 4.85 ,75 1.27 6,87 071 3000
117 Gray 1,000 Pampa " 7.39. 7.39 " " 4.85 .75 1.27 6.87 0.52 1_000
118 Wheeler 1,000 Shamrock " 7.17 7.17 " " 4.42 .75 1.27 6. 44 0.73 000
119 Deaf Smith 12,000 Hereford " 7.81 7.81 " " 5.06 .75 1.27 7.08 0.73 9,000

120 Randall 4,000 Canyon " 7.81 7.81 " " " 5.27 .75 1.27 7.29 0.52 2,000

121 Armstrong 1,000 Claude . 7.39 7.39 " " " 4.63 .75 1.27 6.65 0.74 1,000
123 Collingsworth 1,000 Wellington "_ 6.75 6.75 " " 4.00 .75 1.27 6.02 0.73 1,000

124 Farmer 19,000 Farwell 7.81 7.81 " " " 5.27 .75 1.27 7.29 0.52 10,000

125 Castro 14,000 ianlitt" 7.81 7.81 " " 5.06 .75 1.27 7.08 0.73 10,000

126 Swisher 12000 Tulia " 7.60 7.60 " " " 4.85 .75 1.27 6.87 0.73 9,000
127 Briscoe 3,000 Silverton . " 7.17 7.17 " " " 4.42 .75 1.27 6.44 0.73 2,000

128 Hall 1,000 Turkey " 6.96 6.96 4.21 .75 1.27 6.23 0.73 1,000

130 Bailey 6,000 Muleshoe " 7.60 7.60 " " 5.06 .75 1.27 7.08 0.52 3,000

131 Lamb 12,000 Littlefield " 7.17 ,7.17 " " " 4.85 .75 1.27 6.87 0.30 4,000
132 Hale 16,000 Ploinview " 7.39 7.___ I" "____"_ 4.63 .75 1.27 6.65 0.74 12,000
133 Floyd 10,000 Floydada " 6.96 0.96 " " _ " 4.63 .75 1.27 6.65 0.31 3,000

140 Cochran 2,000 Morton "_7.60 .6E' " 5.06 .75 1.27 7.08 0.52 1,000
142 Lubbock 6,000 Lubbock _ _ 6.96 6.061 "1: " 4.42 .75 1.27 6.44 0.52 3,000
143 Crosby 4,000 Crosbyton " 6.96 6.6 "_"_" 4.21 .75 1.27 6.23 0.73 3,000

146 Knox 2,000 Gilliland 5.90 5.90 " " "3.17 .75 1.27 5.19 071 1,000
155 Lynn 2,000 Tahoka 6.75 6.75 " 4.42 .75 1.27 6.44 0.31 1,000
159 Haskell 2,000 Haskeil -l"_ 5.69 5.69 " " " 3.? .75 1.27 5.29 0.40 000
164 Denton 1,000 Denton" 4.63 4.63 " "1.- 7 1.27 368 095 1,000

TOTALS 171,00011 [ _TOTAL $108,000

TOTE: Tonnages and Savings Rounded to the Nearest 1,000

N.



TABLE B
DETAILED ANALYSIS OF TRANSPORTATION CHARGES ON PROSPECTIVE TRAFFIC

NAME OF PROJECT. TFUNITY RIVFR RFSTUlnY

DIRECTION OF TRAFFIC MOVEMENT nOWNBOUND GRAIN SORGHUM
PAGE .L. 6_ __6

TRANSPORTATION CHARGES VIA LOWEST AVAILABLE ROUTE TRANSPORTATION CHARGES VIA PROPOSED WATERWAY

CARD COUNTY I TONS ORIGIN TRANSFER - TRANSFER PER TOTAL
NO CsUN PORT 2.4 PORT RATE TO ANO RAGE RRATE 1 a. TIAND owA RA TOTAL TON

See Note a A o Po t PRTOLIG own1 1oPO TOT AL PO T PoT A111 ND ANSE RAT

165 Collin 2,000 McKinney Houston 4.21 4.21 Da11ae Houston 1.66 .75 1.12 3.53 0.68 $ 1000

173 Dallas if i000j________ AT.lt0POR. Ft. - AT-- 1 ORT1.12 L1.87 ~ ol

6L _sc ,.0!eld Ctoos Batoon 6ge 2 .75 2.35 9.22 Ft._Worh Houston 6.75 .75 1 .27 8.77 0. 5 2 000

TOTALS 4.0 .___ _ .__ _._ _ __-L_ _-

HEW EXICO -

67 Quy 1,000 Tucumcari Houston 8.87 8.87 Ft. Worth Houston 7.12 .75 1.27 8.14 0.73 $ 1,000
322 Curry 7,000 Clovis "_ 8.02 8.02 " - " 5.48 .75 1. 27 7.50 0.52 4.000

323 Roosevelt 2,000 Portles . " 8.23 8.23 C 5.69 .75 1.27 7.71 0.52 1,000

T O T I S 1 0. , 0 0 0 f , 6 .. -__ _ _ _ _ _ _

OKLAHCIIA
19 Texas 5000 Cetoosa Baton Rouge 06 .75 2.35 8.16 Et orith Honn 5.90 .75 1.27 7.92 0.241 4 1,000
35 Cimarron 3,000 Boise City " 5.69 .75 2.35 8.79 " " " 6.33 .75 1.27 8.35 0.44 1,000
';7 Caddo 1,000 Anadarko Houston 6.12 6.12 " " 3.27 .75 1.27 5.29 0.8} 1,000
43 Tillman 1,000 Loveland " _ . 5.69 5.69 " " 2.96 .75 1.27 4.98 0.71 1,000

TOTrAL T. ... 10,..00......__________ ___ ___

SWRIARY OF SHEET TOTALS FOR GRAIN SRGHM_

Tonnages Savings
Sheet 5 -

Texa6 171, O00 $108000
- Sheet 6 - - - - - - - - -

-Colorado 4,00 2 0
New Mexico 10,000 6,000 -- - - - - - -- - - - - - - - -Oklahoma 10,080 

4,000

TOTAL 198,200 $123, 000

TOTAL ____

NOTE: Tonnages and Savings Rounded to the Nearest 1,000



FIGURE 1
TRINITY RIVER AND TRIBUTARIES, TEXAS

COUNTY: pOjM NAVIGATION PROJECT
RIEVALUATION OF NAVIATIOI FlATL3ES

GRAIN STUDY
RATE AI'ALYSIS- 8HEE (Sample)

TRAFFIC SURVEY FOR

Commodity: Wheat & Grain Sorghum Annual tonnage:_ton
(short tons)

O'igin: Amarillo, Texas Destination: Houstogn.Tom.

Plant to dock Miles Dock to plant Niles

(I)Existing rate (rail) (Wt ) .

LOWEST AVAILABLE ROUTE

Item : Port : Miles : Carrier: Rate r N.T.
{2 ae s atport Hua .Txs iOi6

Port-to-port _(Via__

(3) Rate froo 2d port

Constant factor

Handling charge

Switching charge

Other (specify)

TOTAL

. _ Rnotrr

Item Pot : Miles : Carrier : Rate per N.T.
(4) Rate to 1st port t. Worth Texa.s 40

Port-to-port (Via Trinity ) 1.27

(5) Rate from 2d port Houston

Constant factor

Handling charge

Switching charge }

Other (specify)

TOTAL : :$ 6.87

- t8NC:~ Unit Ravings S -TY

NOTES Total Savings *$2

*1 See Table A in the Appendix for the appropriate truck charge.

*2 Unit savings multiplied by estimated trucked grain moving into export.

(See Table B) = Total savinga for eac1,county.
269



Figure 1 (continued)

COMPARISON OF SHIPMENTS VIA
(Sample)

ALTERNATE PORTS

PORTS MILES ROUTE CARRIER RATE/TON

Amarillo 362 Truck 5.27
To

Catoosa, Okla. W 2.35
To

Baton Rouge Handling .75
$8.37

Amarillo Truck
To

Daingerfield N.A.
To

Baton Rouge W

Amarillo 340 Truck 4.85
To

Ft. Worth W.27
To

Houston Handling .75

$6.87

Amarillo 366 Truck 5.27
To

Dallas W 1.12
To

Houston Handling .75
$7.14

Amarillo 695 Truck 8.23
To

Corpus Christi
$8.23

BARGE RATES: (Computed by Office, Chief of Engineers)

Daingertield to Baton Rouge------------------------------- $1.70
Catoosa to Baton Rouge ----------------------- ---- 2 35
Muskogee to Baton Rouge- ------------------------------- 2.10
Ft. Smith to Baton Rouge-------------------------------- 1.90
Dallas to Houston-------------------------------- t..l.2
Ft. Worth to Mouston - --------------- l------ 1.27
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TRINITY RIVER AND TRIBUTARIES, TEXAS

NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

EXHIBIT 2
SAND, GRAVEL, AND STONE STUDY
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TRINITY RIVER WATERWAY SPECIAL STUDY

SAND - GRAVEL - STONE

William D. Miller,
Resource Analyst
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TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

SCOPE OF WORK

The original work to be accomplished under the contract (DACW 64-
67-C-0067) consisted of "performance of a study and preparation of a
report of the present movements of sand, gravel, and stone that are
consumed in the area of influence of the Trinity River navigation
project, and determination of savings in transportation costs of these
commodities in lieu of the least-costly alternative transportation
mode."

Specifically, the report is to include:

(A) Location, quantity, and quality of sand-gravel-stone aggregates
within the area of influence of the Trinity Waterway;

(B) Locations and estimates of quantities of reserves;

(C) Life expectancy of reserves in terms of depletion by market
demand, with and without the proposed waterway;

(D) Estimate of proportion and location of reserves that would

never move without the waterway;

(E) Present market areas and length of hauls;

(F) Present modes of transportation;

(G) Transportation rates from present sources;

(H) Probable change in transportation modes and traffic patterns
due to waterway;

(I) Analysis of costs of production methods of each commodity to
determine:

(1) Possibility of change to hydraulic operation adjacent to
river bed with transportation to a central collection point;

(2) Likelihood of continuing existing production methods,
and potential for producing larger quantities because of waterway
movement;

280



(3) Comparative production unit costs between methods of
F roduction.

Statement of Change: Changes in the original contract refer to
specific items in Corps contract Appendix A - Sand, Gravel, and Stone
Special Study which are shown below.

A. Paragraph 2a of Appendix A, Nature of Report shall be expanded
to include the following:

(4) Assume dredging of sand and gravel reserves will not be
permitted within the channel and reservoir areas created by locks and
dams; therefore, an estimate of reserves so excluded should be made.

(5) Investigate types of industries, located along the coastal
area, now using seashell as a base for limestone. Incorporate an estimate
of seashell reserves, the locations and reserves of limestone and the
possible use of limestone as a substitute for seashell along the Gulf
Coast area, if, and when applicable.

B. In addition to the previous requirement stated in Corps paragraph
2a (1), the stone reserves and markets within the influence of the Trinity
River waterway shall be treated separately from sand and gravel.

C. The original draft report shall be revised by deleting the
following items generally required by Corps paragraph 2b.

(1) Savings based on truck mileage distance scale, and
benefits incurred from savings in transportation costs.

(2) Barge charges or rates and savings attributable to the
rates.

(3) Savings based on rail rates, and benefits incurred from
savings in transportation costs.

D. Paragraph 2c (1) of Appendix A shall be expanded to include
the following:

(1) Analysis of production costs of each commodity both by
dry-land mining and by hydraulic dredging operation, transportation to
an identical collection point.
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TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

SYLLABUS

Approximately 7,018,000 tons of sand and gravel were produced by
the major companies in the Dallas-Fort Worth Region in 1966. Produc-
tion of sand and gravel in the Houston-Galveston Region approximated
10,505,000 tons.

All the major deposits of .sand and gravel in the Dallas-Fort
Worth Trinity River flood plain will be depleted by 1971-73.
Essentially all the prolific production from Seagoville now supplying
the. Dallas market will cease before 1985.

Reserves in the present producing localities of the Houston Region
approximate 375 million tons. The life expectancy of these reserves
are estimated to be between 20 and 25 years.

There are over 5 billion tons of reserves in the Dallas-Houston
interarea. Excluding the deposits expected to be covered by the
proposed canal and two major reservoirs, the total reserves are esti-
mated at 3.5 to 4.2 billion tons.

Sand and gravel deposits located along the Trinity flood plain
between central Navarro-Henderson counties and Walker-Trinity counties
will not be developed in the foreseeable future without the proposed
waterway. Sand and gravel deposits between central Navarro-Henderson
counties and Dallas County will move in the foreseeable future but at
a higher cost than possible with the proposed canal. Sand deposits
north of the Urbana area of Polk-San Jacinto counties will not be
developed to their maxima without the canal. When these deposits
are developed it will be at a greater cost without the canal. The
low cost factors associated with the proposed canal are due not only
to expected transportation savings but also to savings to be realized
by hydraulic rather than dry-land production methods.

Comparisons were made between the cost of hydraulic and dry-land
methods of production of sand and gravel. According to Dallas producers,
hydraulic production can be performed where feasible along the river at
an average savings of 29# per-ton.
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The prevailing least-costly mode of transport for aggregates in
Dallas-Fort Worth and between Houston-Dallas is by truck. In the
Houston region, shell and sand are transported by barge, and sand,
gravel and stone are shipped principally by rail.

There was a minimum of 5,650,000 tons of crushed stone produced
in the Dallas-Fort Worth Region in 1966. Shell production in the
Houston-Galveston Region approximated 3,7014,200 tons for aggregate use
and 2,393,933 tons for cement manufacture. The Burnet-Georgetown,
New Braunfels and San Antonio areas supplied 800,000 tons of stone to
the region.

Stone reserves for cement manufacture in the Dallas, Fort Worth,
Waco, and San Antonio areas are unlimited. The life expectancy of the
deposits exceeds 100 years. Stone for aggregates is also available
in essentially unlimited quantities near Bridgeport-Chico, Wise County,
in Palo Pinto and Parker counties, and in the Burnet-Georgetown, New
Braunfels, San Antonio region.

In the event shell production from the bays were to be curtailed,
or deposits depleted, raw materials for cement manufacture could be
supplied from the San Antonio area. Also, cement would be shipped via
rail and truck from Waco and San Antonio, With a waterway in operation,
cement would be shipped from Dallas-Fort Worth to the Gulf Coast,
Gravel from the Colorado and Guadalupe Rivers, and stone from the
present sources in the Burnet-Georgetown, New Braunfels, San Antonio
region would replace shell for aggregates in the event this material
were unavailable.
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TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

INTRODUCTION

1. There are three natural, distinct regions within the Trinity

River Basin in terms of market demand and location of reserves. The

three regions are centered on Dallas-Fort Worth, Houston-Galveston and

the Dallas-Houston interarea (Fig. 1).

2. Dallas-Fort Worth and Houston-Galveston are the major aggre-

gate and cement consuming regions. The interarea is less important

in terms of market demand, but extremely important in terms of future

sand-gravel reserves.

3. The geographic extent of the two major regional markets is

determined by the economics of (1) location of materials, (2) manufac-

turing costs, and (3) transportation. The radius of the circle-of-

influence around the two major markets extends approximately 
75 miles.

4. In the Dallas-Fort Worth Region, the location of quality stone

deposits extends the radius to 75 miles in a westward and northwest-

ward direction (Parker, Palo Pinto, Wise counties). The radius is

extended south of Dallas for 30 miles to the location of sand-gravel

reserves in the Seagoville area of Dallas-Kaufman counties (Fig. 1).

5. In the Houston-Galveston Region, the location of quality de-

posits of gravel extends the radius westward for 75 miles to Colorado

County and northward to Madison-Houston counties. The radius-of-

influence reaches northeast of Houston to the sand deposits along

the San Jacinto and Trinity Rivers. The southward limit terminates

at the Gulf bays where shell is dredged. Small quantities of stone

for rip-rap, cover stone, etc., are transported about 200 miles from

San Antonio, New Braunfels, Georgetown-Burnet to Houston.

6. The interarea of this report includes the region south of

Seagoville along the Trinity River flood plain to Austonio in Houston

County. In reference to the sand-gravel supplies and reserves, in

an east-west direction it includes all counties conterminous with the

Trinity River. Stone for cement manufacture and for aggregates-

extends the sphere-of-influence in a westward direction to the San.

Antonio, New Braunfels, Georgetown, Waco areas.
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7. Principal information sources considered include (1) all major,

and some smaller, producers of sand, gravel, and stone; (2) published

and unpublished geological, engineering and economic studies; (3) open

file reports of Bureau of Mines, Bureau of Economic Geology, Corps of

Engineers, Galveston District, and theses of University Geology Depart-

ments; (4) Chambers of Conmierc9;(5) Texas Highway Department and the

District Offices; (6) municipalities, and (7) transportation companies.

Pertinent reference sources are shown in the..Append4x.Production data

and information sources were coordinated with the Bureau of Mines, 
Dallas

(F. F. Netzeband).

8. Production data are for the 1966 year, and reserve figures are

estimated as of January, 1967. The original study (draft) was completed

in May, 1967. Revision of the original draft was completed November 13,

1967.

9. The report is divided into two parts for purposes of discussion.

Part I includes all data on sand and gravel, and Part II includes all data

on stone and shell for cement and aggregate use.
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PART I: SAND AND GRAVEL STUDY

LOCATION, QUANTITY, AND QUALITY OF SAND AND GRAVEL

PRODUCED IN TRINITY RIVER REGION

Dallas-Fort Worth Region

10. Sources of specification-quality (ASTM, AASHO) sand and
gravel for constructional use are located (See Fig. 2) along
(1) the Trinity River flood plain at Seagoville, Dallas and Kaufman
counties; (2) the Trinity River flood plain and tributaries, Dallas,
Tarrant, Denton counties; and along (3) the Brazos River in Johnson,
Hood, Parker, and Palo Pinto counties. Small operators produced
aggregates in Collin, Denton, Hood, Parker, and Palo Pinto counties.

Ul. The quantity of sand and gravel aggregates produced for con-
sumption in 1966 by the major operators1 in the region totaled
7,018,000 tons (Table 1). This figure represents an estimated2 85%
of the total regional sand-gravel requirements for all purposes. The
estimated 15% excluded is fill sand, etc., marketed by "non-permanent"
producers. Including the 15% figure, the total quantity of sand-
gravel produced in the region in 1966 approximated 8,070,700 tons.
The significant figure for this study, however, is 7,018,000 tons.
Approximately 50% of the sand and gravel was used for concrete
aggregate. The remaining quantities were used for fill sand, base
materials, cover stone, pre-coat, and other. Aggregates from the sand
and gravel deposits were upgraded by washing and screening, particular-
ly by the major producers to meet ASTM and AASHO specifications.

Houston-Galveston Region

12. Sand and gravel for constructional use were produced
primarily from localities (Fig. 2) at (1) Columbus-Altair-Eagle Lake,
Colorado county; (2) La Grange, Fayette county; and from the
(3) San Jacinto and Trinity Rivers in the Urbana, Cleveland areas.
Small operators produced (mostly sand) in Houston, Waller, Walker,
Grimes, Montgomery, Brazoria, Austin, and Fort Bend counties
(locations not shown).

1 List of producers in Appendix, Table B.

2Averaged estimates by major producers, and by F. F. Netzeband,
Bureau of Mines, Dallas.
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TABLE 1

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

Sand and Gravel Production for Dallas-Fort Worth Region, 19661

Location 2 Material

Trinity River
Fort Worth-Dallas

Seagoville

Miscellaneous locations,
Texas Highway Department3

Brazos River (Parker, Johnson,
Palo Pinto, Hood counties)

Quantity
(short tons)

sand, gravel

sand, gravel

sand, gravel

sand, gravel

TOTAL

'List of producers in Appendix, Table B. Itemization of production
for specific deposits not given in order to protect confidential
information.

2See Figure 2 for locations.

3 lncludes usage in Denton, Dallas, Collin, Johnson, Tarrant, Hood,
Parker, and Palo Pinto counties. Contractor produced for a specific
job by independent operators.
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2,169,000

4,331,000

204, 000

314,000

7,018,000



13. The quantity of sand-grave1 produced for consumption in 1966
by the major operators3 in the region totaled 10,505,000 tons (Table 2).
This figure represents an estimated' 90% of the total aggregate require-
ments for all purposes. The 10% excluded represents material produced
by "non-permanent" operators. Using the estimated figure of 10%, the
total sand-gravel consumption for the region approximated 11,555,500 tons
in 1966. More than half of the sand-gravel estimate represents sand.
The significant figure for this study is the 10.5 million tons. Concrete-
quality sand and gravel aggregates were produced in the localities men-
tioned previously.

2Averaged estimated by major producers, and by F. F. Netzeband,
Bureau of Mines, Dallas.

3List of producers in Appendix, Table C.
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TABLE 2

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

Sand and Gravel Production for Houston-Galveston Region, 19661

Location 2  Material Quantity
(short tons)

Columbus-Altair-
Eagle Lake, La Grange sand, gravel 7,300,000

Cleveland, Urbana,
San Jacinto River sand; sand, gravel 2,567,000

Texas Highway Dept.3 ,
Independents in Houston
and other areas. sand, gravel 638,000

TOTAL 10,505,000

1List of producers in Appendix, Table C. Itemization of production

for specific deposits not given in order to protect confidential
information.

2See Figure 2 for locations.

3Contractor produced for a specific job by independent operators.
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Between Dallas and Houston Regions

14. The sand and gravel aggregates produced 4 in this region
are consumed within the area. Of course, some small quantities of
aggregates produced along the boundaries of the region under consider-
ation are marketed into the adjacent area. Total quantities produced
are not accurately estimable for the area because of the prevalence
of portable units operating on contractor sites, and small independent
Ready Mix operators. Production figures are concealed, where indicated,
to protect confidential information.

15.. Kaufman and Rockwall Counties.- Data regarding the Seagoville
area of Kaufman County are reported under the preceding section entitled:
Dallas-Fort Worth Region. No significant quantity of production is
known from Rockwall County. Sand and gravel are processed from the
Trinity River and East Fork of the Trinity River (Locations, Fig. 2).

16. Most of the gravel produced is less than 3/4-inch in grade
size. Washing and screening upgrades the sand and gravel for portland
cement and asphaltic concrete usage.

17. Ellis County.- Local companies mined sand and gravel for area
consumption. Total quantity of sand and gravel produced is estimated
not to exceed 100,000 to 150,000 tons. Most of the production was for
jobsite use. There are no major operations in the County.

18. Navarro and Benderson Counties.- Sand and gravel are produced
in the Chatfield and Malakoff areas of the Trinity River flood plain
(Fig. 2). Sand and gravel production in 1966 in the area approximated
500,000.tons. The deposits average 55-75% sand, and 90-95% will pass
a 3/4 inch screen. In some places silt and lignite will average 0.5%.
These materials meet TD specifications for cover stone or aggregate
for road surfacing.

19. Freestone County5 .- Sand and gravel were produced only for
local use. Principal source for quality aggregates is from crushed
stone.

20. Leon and Anderson Counties,.- Aggregates were produced only
for local use. What was once a sizeable operation has been discontinued
at the Anderson County, Calloway plant located approximately 10 miles
south of Long Lake. This deposit averaged 35% gravel. Clay is included
which makes the operation marginal under present economic conditions.
There are abundant sand deposits in this area but few good gravel
deposits with low overburden.

4List of producers in Appendix, Table D. Total production shown in
Table 3.

5Production information concealed in figures given under section to
follow, entitled: Additional Comments.
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TABLE 3

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

Sand and Gravel Production Between Dallas - Houston Regions 19661

County2

Ellis

Navarro, Henderson

Freestone, Leon
Anderson, Houston3

Material

sand, gravel

sand, gravel

sand, gravel

TOTAL

Quantity
(short tons)

100,000

500,000

1,100,000

1,700, 000

1List of producers in Appendix, Table D.

2Major Locations,' Figure 2.

3 Production figures combined to conceal confidential information.
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21. Iron-ore gravel, soft sandstone, mortar sand, and pea
gravel are produced in Leon County. The principal use is in road
construction. The sand and gravel deposits are restricted to the
Trinity River flood plain. Iron-ore and sandstone are spread over
wide areas of the County.

22. Houston County5 .- One sizeable operation for concrete-
quality sand and gravel is located southwest of Austonio (Fig. 2).
These deposits are produced from the Trinity flood plain.

23. Additional Comments.- All the major production of sand and
gravel in this region comes from the Trinity River or its nearby
tributaries.

24. The quantity of produced sand and gravel in 1966
accounted for in the region totals 1,700,000 tons.
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RESERVES OF SAND-GRAVEL

25. Location. Quantity, Life Expectancy.- Data for reserves were
requested in terms of years and tons from the companies and people
interviewed. Present volume of tonnage multiplied by the number of
years estimated for company reserves were usually used to derive the
total quantity figures. Each company estimated the number of years
reserves in terms of the present economic situation and the foresee-
able demand for the product. None of the companies interviewed would
,poJe. tonnage fius for future demand beyond 10 years. The pro-
jected figures include, where stated, an assumed rate of growth.
The assumed rate-of-growth figure was derived from company supplied
figures of their previous 10-year period. Companies in business less
than 10' years furnished data on their rate of production during the
portion covered.

26. Life expectancy figures.of deposits now being produced are
predicated upon fz I. future demand. When known, figures are
given with and without a waterway in operation.

Dallas-Fort Worth Regon

27. Reserves of sand and gravel are located along the flood
plain of the Trinity River between and near Dallas-Fort Worth,
south of Dallas at Seagoville, and along the Brazos.River (Fig. 3).

28. Total reserves of sand and gravel accounted for along the
Trinity in the Dallas-Fort Worth area and south of Dallas at Seago-
ville are estimated at 80,000,000 tons. Approximately 65,000,000 tons
are located south of Dallas.

29. Large quantities of "economically marginal" deposits are
located along the East Fork of the Trinity River north of Seagoville.
These deposits are "economically marginal" because of the high ratio
of sand to gravel and contamination by the Austin Chalk. Future
demand, plus depletion of deposits closer to Dallas, may permit
development of what is "guessed" by a major producer to be 40- to
50- million tons of sand and gravel. The life-expectancyof these
deposits is not known.

30. Estimates of reserves (Open file report, Corps of Engineers,
Galveston District, dated 15 December 1959) of 60,000)000 tons for
Denton County, Lewisville area, cannot be substantiated. Operators
at Carrollton and Farmers Branch indicate that sand and gravel are
not available in large volumes.
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31. Major companies in the region agree that the Trinity River
deposits between Dallas and Fort Worth will be essentially depleted
within 4 to 6 years. Previous estimates agree with this contention
(Trinity River Comprehensive Report, vol. 1, p. 3, 1962). The
waterway will never affect the life expectancy of these deposits
because they will be depleted before the proposed project can be
built. Regardless, the materials will be consumed in the area.

32. Reserves of the various companies producing in the Seagoville
area are predicted to last from 2 to 30 years. This estimate is in
light of present production of aggregates from other areas. Depletion
of the Dallas-Fort Worth Trinity reserves will shift a larger proportion
of the market to this area. Therefore, Seagoville will not be a major
supplier for the 30-year period because of expected depletion. The
area will not be a prolific supplier in 1985 but will be essentially
depleted prior to that time.

33. The proposed canal is not expected to significantly affect
the life expectancy of the Seagoville deposits. Although some
companies do have reserves marked for production in the 1980's,
materials from these deposits will not move downriver if they are
still present during operation of the. canal.

34. Total reserves in the Brazos River flood plain are not known.
This area now supplies less than one percent of the sand-gravel
requirements -for the region. At present usage rates known resources
are predicted to last 25 years in areas now in production.

35. The life expectancy of the Brazos River reserves will be
affected by the proposed waterway. The two sources of supply for
sand and gravel after depletion of the Dallas-Fort Worth Trinity
River deposits will be the Brazos River and the areas downriver from
Dallas County along the Trinity and its tributaries. When the Dallas-
Fort Worth Trinity deposits are gone, the Brazos source will assume
a larger proportion of the regional market. If the canal were then
built after the Brazos deposits had assumed a larger proportion of
the market, the Brazos area would again diminish as a source of
supply. The Brazos supply to the Fort Worth market would not enlarge
in proportion to the Trinity River supply if the canal were now in
operation. The Brazos River deposits will not be moved on the canal
because of the Trinity supply

36. In conclusion, it is expected that all reserves of sand and
gravel within the Dallas-Fort Worth Region (except the Brazos River)
will be essentially depleted prior to 1985. A shortage will develop
by 1971-1973, and by 1985 no substantial sources will be available
in the present areas of operation (See Fig. 2) along the Trinity
River.
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Houston-Galveston Region

37. Major reserves of sand and gravel are located (Fig. 3)
in the Columbus-Altair-Eagle Lake area of Colorado County; near
La Grange, Fayette County; and Victoria, Victoria County. Reserves
of sand are located along the San Jacinto River, and sand, and some
gravel, are located along the Trinity.

38. Reserve figures for sand and gravel in the major producing
areas are given for all the area in order to protect confidential
information of individual companies. Two companies would not release
figures for separate localities. Total reserves in the major producing
areas (Fig. 3) approximate 375,000,000 tons of sand and gravel. Over
75% of this figure represents sand. In addition, another 200-700
million tons, mostly sand, are estimated for Liberty-Chambers counties.

39. The life expectancy of the deposits in producing localities
is 20 to 40 years. Average figures for the areas would be 25 to 30
years. The Trinity canal would not decrease the life expectancy of
the gravel reserves west of Houston. Their life expectancy would
increase if competitive sources for gravel were developed along the
Trinity.

40. The life expectancy of the sand and gravel deposits is also
dependent upon shell production from the bays. Shell and sand are
mixed in the ratio of 70:30. for road-base construction. Legislation
is now pending to restrict removal of oyster shell from' Matagorda
and Galveston bays due to pollution of live oyster reefs. The outcome
at this time is problematical. Should this practice decrease, new
demands will be created for coarse base-material to replace the shell
(See section entitled: RESERVES OF STONE AND SHELL, HOUSTON-GALVESTON
REGION).

11. Sand reserves are also in Wharton, Fort Bend, Brazoria,
Galveston, Waller, Austin, Montgomery, and Madison counties. These
areas fall within the producing region supplying materials to the
Houston market. The total tonnage and life expectancy of reserves
away from the Trinity and outside producing areas are not known.
These deposits are numerous and are used by on-site contractors.
Reserve figures for Walker, Trinity, Polk, and San Jacinto counties
are included under the following discussion, except for the present
major producing localities in Polk and San Jacinto counties. The
reserves of the major producers (only) in Polk and San Jacinto
counties are included under the Houston-Galveston reserves.
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Between Dallas-Houston Regions

42. The total quantities of sand-gravel reserves (Table 4)
are not as well known in this area as are reserves in the Dallas
and Houston regions. The reason for this lack of knowledge is
that most of the known deposits in the Dallas and Houston regions
are either under lease, or they are now being produced, whereas,
there are extensive deposits in the interarea that have not been
delineated completely due to the economics of transportation and
market demand.

43. Data were not available in detail from one of the major
producers of the region. Accordingly, the "known" figures presented
in detail are an under estimate of total reserves in the region.

44. Actual life expectancy figures of individual counties are
difficult to predict for the Dallas-Houston interarea because market
patterns are not well established. Future market patterns are not
predictable for the "interior" of the interarea. Life expectancy
of deposits depends on future contributions of areas up and down
the river, Life expectancy figures given for deposits in individual
counties are stated as if the particular locality were the only
source of materials. By combining life expectancy data for each
county the total life expectancy is predictable for the Trinity
River Basin in the Dallas-Houston interarea,

45. Kaufman County.- The major sand and gravel reserves located
near Seagoville (Fig. 3) were enumerated previously under the Dallas-
Fort Worth discussion. All the exploitable deposits of sand and
gravel are located in the Trinity River flood plain and along the
East Fork of the Trinity. The total quantity accounted for, exclusive
of the Seagoville reserves, approaches 60 million tons (Locations,
Fig. 3). The life expectancy of the deposits is unknown.

46. Ellis County.- Sand and gravel reserves are located along
the Trinity River (Fig. 3).. ;Incaprera (1959) estimated reserves to
be 33,000,000 tons of which 35% is gravel. Reserves of 51,000,000
tons, developed in the study, are believed to be present along the
Trinity River. Not all of these reserves will produce 35% gravel.

47. Best estimates by three local producers put life expectancy
of the reserves at 25 years. The life expectancy of these reserves
would be greatly shortened by the presence of a waterway. The
reserve figure quoted would supply the present demand in the Dallas-
Fort Worth area for eight years.

48. Navarro and Henderson Counies.- These two counties probably
contain as large a supply of proven reserves of sand and gravel along
the Trinity as any other locality. Knowledgeable sources report
sand and gravel reserves in numerous places along the flood plain
between the two counties. Known deposits in the northeastern area
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TABLE 4

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

Sand-Gravel Reserves Between Dallas-Houston Regions

Location1

Kaufman

Ellis

Navarro,
Henderson

Anderson

Freestone

Leon

Houston

Walker

Trinity

Polk, San
Jacinto

TOTAL

Tonnage
(millions)

60

51

400

115

(vast)

216

200

140

Unknown

1,000

2,182

Life Expectancy2
(years)

Unknown

10

25

Unknown

Is

18

12

Unknown

75

140 years

1Locations, Figure 3.

2Life expectancy stated as if the particular locality were the

only source for materials.
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of Navarro County, for about four-tenths of a mile of the upper
reaches, cover 6,100 to 7,000 acres. Core testing in one block of
800 acres of this section proved 30,000,000 tons. Estimates of
300,000,000 tons are made for the upper reaches of the river.
Anotkier 50 to 100-million tons are believed to be present along
the river in areas to the south. Incaprera (1959) estimated
reserves of over 475 million tons within the two counties. Reserves
now under lease in the area by three major producers exceed the
total reserves in the present producing areas supplying the Dallas-
Fort Worth Region. In summary, the total reserves exceed 400,000,000
tons.

49. No doubt, the life expectancy of these reserves will be
decreased by implementation of the proposed waterway. However, the
reserves reported are so vast in these two counties that the life
expectancy, in terms of supplying all the Dallas-Fort Worth demands,
is over 25 years with the waterway in operation.

50. Anderson County.- Sand (and some gravel) in quantities
estimated in excess of 100,000,000 tons (but of no economical value
at present) is available in the County.

51. Approximately 10 million tons of sand and gravel (65%:35.)
are located near Long Lake (Fig. 3). Reserves of naturally impregnated
asphaltic sands are located 10 to 12.5 miles east of Palestine
(Fisher, et al, p. 60, 1965) (Fig. 3). Stenzel, e jal., (Reported
by Fisher, p. 60) estimated reserves of approximately 5,000,000 tons.
These deposits have not been exploited.

52. Iron-ore gravel and soft sandstone deposits are estimated
at 48,000,000 tons. These materials are widespread at the surface
over about 4,000 acres of the County (tonnage is included under
stone study).

53. The life expectancy of these deposits depends, at present,
upon the waterway. The materials will likely never be depleted
under the present transportation conditions. The life expectancy of
the sand deposits will not be immediately shortened by the presence
of a waterway due to the abundance of such materials nearer major
markets. New deposits of sand and gravel that could be developed,.
due to transportation and production savings, would increase the
beneficial life expectancy of these materials.

54. Freestone County.- Reserves of 3,000,000 tons of 30'
gravel were reported by Incaprera (1959) to be located in the flood
plain near TRM 343. Vast quantities of sand with no commercial use
are also available in the county. The total quantity is so vast
that no reliable estimates are available. Life expectancy of the
deposits is unpredictable because of the great abundance of sand
closer to the major consuming areas.
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55. Leon County.- Aggregate resources in Leon County are
available in two areas. There are sand and gravel deposits in the
Trinity River flood plain, and the upland areas contain iron-ore
rock and gravel.

56. A detailed study developed reserves of 216,000,000 tons of
pit-run sand and gravel along the Trinity in Leon County (Fig. 3).
The material contains 15% to 20% gravel of 3/8 inch or smaller
diameter. These materials are being used now but in small volume
due to transportation factors and market demand. Their life
expectancy would be decreased by the waterway.

57. Houston Coint .- Large volumes of sand and gravel are
located along the Trinity River (Fig. 3). Yields of 30,000 tons per
acre (30% gravel) are reported. Tests have proven 100 million tons,
and estimates of proven and unproven reserves are quoted at 200
million tons.

58. The life expectancy of these deposits will be decreased by
canalization of the Trinity. These deposits would move to the
Houston market. Reserves of this quantity would supply the total
Houston area for about 18 years.

59. Walker Count .- Total reserves in the county are consera-
tively estimated at 140 million tons. These figures include only
flood plain deposits. About 40% of this represents small-diameter
gravel. Life expectancy of these deposits will be shortened by the
development of the canal. These materials will be shipped to the
coastal markets. Life expectancy is about 12 years in terms of
supplying all the Houston-Galveston market.

60. Trinity County.- No reliable data were developed for
Trinity County. Presently, there are no major producers in the
County. Total reserves of sand are rather extensive.

61. San Jacinto-Polk Counties.- Major supplies of sand and
some gravel for the coastal market are being produced from the
southern half of this area (Locations, Fig. 3).~ Reserves of one
billion tons are estimated by two major producers in the Trinity
River Basin. These materials are predominantly sand. Minimum
life expectancy of these deposits is 75 years.

62. Conclusions.- The total quantity of sand and gravel accounted
for along and near the Trinity River in the interarea of- this report
exceeds 2.182 billion tons (Table 4). This figure represents estimates
based on testing by some companies and on best reliable estimates of
individuals. Confidential information on detailed locations and tonnage
was not permitted from all the major producers. However, it should be
said that all the producers who refused confidential information
verify that reserves in the Basin do exceed the accountable tonnage.
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63. In a letter dated February 3, 1967, Mr. Roy Stanley,
Exploration Manager, Gifford-Hill Company, stated that reserves of

6 billion tons of sand and gravel are located along and near the
Trinity River from Dallas south to approximately five miles south
of Liberty, Texas2 . These figures are "based on testing" done by
the Gifford-Hill Company. Industry personnel acknowledge that
Gifford-Hill and its subsidiaries hold the largest reserves in
the Trinity River Basin.

64. According to Mr. W. W. Pickens,, Wesco Materials Corporation,
sand and gravel deposits exceed 1 billion tons within 90amikes of -the
bay. Furthermore, he states that within 75 miles downstream from
Dallas- there are in excess of 500 million tons of reserves.

65. Mr. Cedric Willson3 estimated that sand-gravel reserves
below CM-91 exceed 200 million tons. In addition, Mr. Willson
estimated reserves in excess of 1 billion tons within the Trinity
flood plain between CM-91 and CM-125.

66. It is concluded that sand and gravel reserves undeveloped
between Dallas and Houston number into the billions of tons. Based
on a maximum sand-to-gravel ratio of 2:1, the gravel reserves in
the region may approximate one billion tons. Without question,
the sand reserves are several billion tons. The "accountable"
reserves (in detail) and the "unaccountable" reserves (in toto)
are estimated to exceed 5 billion tons. Estimates of reserves
detailed in this report are included, at least in part, in the
total estimate quoted.

67. The reserves estimated to be coverable by the proposed
canal and reservoirs are from 0.871 to 1.466 billion tons.
Locations and estimates of tonnage of reserves that would be ex-

clu4ed due to coverage by the proposed canal and reservoirs are
discussed in the following section. The reserves (in toto),
excLuding those coverable by the proposed canal and reservoirs,
are estimated to be between 3.534 and 4.129 billion tons.

68. The life expectancy of reserves would be reduced by the
waterway. Demands for sand-gravel in the two major consuming areas

in 1966 (approximately 20 million tons), reserves in the Dallas-
Houston regions, and the "known" ,reserves in the Dallas-Houston
interarea would permit estimation of a life expectancy exceeding 100
years for the deposits between Dallas and Houston (Table 4).

2Addressed to Brigadier General William T. Bradley, Division Engineer,

Southwest Division, Corps of Engineers, Dallas.

3Bureau of the Budget testimony, dated April 26, 1965.
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LOCATION, QUANTITY OF RESERVES WITHIN
PROPOSED CHANNEL AND RESERVOIRS

69. In the opinion of the people most knowledgeable about the
reserves of sand and gravel along the Trinity, 40 to 50 percent of
the flood plain contains a minimum of 12,000 tons/acre to a maximum
of 35,000 tons/acre. The average estimate by those canvassed is
21,000 tons per acre. Those data are used as the basis to determine
the quantity of sand and gravel expected to be covered by the pro-
posed channel and reservoirs.

70. There are places along the proposed canal where the reserves
are known to be limited. Only the areas shown along the canal in
Figure 3 (LOCATION OF SAND-GRAVEL RESERVES) are assumed to be criti-
cal in arriving at a total tonnage figure for channel coverage.

Dallas-Fort Worth Region

71. Essentially all the major deposits of sand and gravel in
this region will be depleted prior to 1985. Some small deposits are
reserved for production after this by three major companies. One
company has 280,000 tons reserved for production during the 1980's
that will be covered by the proposed channel (Fig. 4). The total
tonnage possessed by other companies that could be covered by the
channel is unknown. The actual tonnage in terms of the total project
is insignificant. In conclusion, there are no deposits of consequence
expected to be covered by the proposed channel.

Houston-Galveston Region

72. There are no deposits in the producing areas that will be
covered by the proposed channel or reservoir. Assuming the channel
overlies exploitable reserves all the way from Anahuac to Urbana
(Fig. 4), the quantity covered would be on the order of 15 million
tons. This figure is a maximum for this zone. Wallisville Reservoir
is estimated to cover about 350,000 tons of sand reserves in Chambers
and Liberty counties (Fig. 4).

Between Dallas and Houston Regions

73. The area considered in the following discussion extends
from the southern Dallas County line along the flood plain to Urbana,
in San Jacinto County. The canal distance between these two areas
is .216 miles. There are about 190 canal miles delineated as con-
taining appreciable reserves (See Fig. 3). Excluding reservoirs
along this zone, the total canal distance is about 112 miles. The

304



JA K WIE " - DENTON COLLIN

1 OCHICO

JACI~iBORU II RD EOT D T MKINNEY OEoIL

) PANICS QRAPEVNE" TN. Q ciGALA SCALE IN MILES

e", ALWA IFRWR ELI o f to to so to
r o DALLY

NTON B OVLLE
A CAU

PALO PINTO HOO O H NSGON EL& N cM

(IR APMAN VAN CANY TYvR

CLESUINE ENNIS 0. .0 , ATHENS'
CATIELD *MALAKOFF

COR3(ANA jag.E Ant **

T NNEAEE ACIfONVILLE

PALpgINE

DO MEXA O TEAUE LONG LAK A0%CE

WACO 
p0M

ROCKETT ' LUFKIN

a4+ THIN CANAL USTONOti A

MIWAY' 14
BURN ER T TN

S"URNET 
UNTVLLE AeIVIN$T

0RYAN
OEOROJTOWN C""-.' RBANA *Mel HARIN

mo BY "R MAYOR

CONRgt C VEA
AUSTIN tc CEV"ANOAN

WALLE

ASTROP H ARIS DAYT,0 LBERTY EAUMONT

MAROB c~r9 0o A ORANGE 9 1.5) ABEfR U

4 * " I" t A HOUSj N Al, CHES

UNF~g, LUM 
# 0ANAUAC

SUN ALTAIR LEL tVEST
cO ROB¬NSE Rea

/ GONZLE S T

SAN O 'TECITY

N0ANTONIO H O ALVE STON

o E DN A RE EPORT

-VITORIA

ACA

LEGEND
FIGURE 4

M. RESERVOIR TRINITY RIVER AND TRIBUTARIES, TEXAS
SAND AND GRAVEL . o - NAVIGATION PROJECT

liTONNAGE, MILLIONS REEVALUATION OF NAVIGATION FEATURES

(25) CUMULATIVE TONNAGE. MILLIONS SAND, GRAEL AND STONE STUDY
CANAL MILE LOCATION, QUANTITY OF SAND, GRAVEL

Jw- RESERVES VI THIN PROPOSED
CHANNEL AND REERVOIRS

EHBIT 2
APPENX

305



aforementioned figure is the proposed canal mileage that will cover
appreciable reserves, excluding that in reserviors. At a potential
average of 21,000 tons/acre, the total reserves to be covered are
approximately 56 million tons. The 21,000 tons/acre figure is.
conservative because some areas, for example Navarro-Henderson
counties, are known to yeild greater than 21,000 tons/acre.

74. There are two reservoirs within the Region that will
cover appreciable reserves; these are the Livingston and Tennessee
Colony reservoirs (Fig. 4).

75. The Livingston reservoir will cover 75,000 acres at the
conservation pool elevation of 129.2', mean sea level. Assuming
457. of the area has a potential yield of 21,000 tons/acre, the total
quantity of aggregates to be covered is 700 million tons. Assuming
the minimum of 12,000 tons/acre estimated by the major companies,
the total reserves could approach 400 million tons.

76, The accountable reserves in San Jacinto and Polk counties,
in which a large part of the reservoir will exist, are estimated at
one billion tons (See, SAND-GRAVEL RESERVES, Polk-San Jacinto
Counties). The reserves coverable by the proposed reservoir are
predominantly sand.

77. The Tennessee Colony reservoir will cover 73,540 acres at
the conservation pool elevation of 262.5', mean sea level. Assuming
45% of the area has a potential yield of 21,000 tons/acre, the total
quanity of aggregates coverable is 695 million tons. Assuming the
minimum of 12,000 tons/acre, the total reserves covered approach
400 million tons.

78. The accountable reserves in all but one of the counties
(Freestone) in which the reservoir is proposed are estimated at 203-
plus million tons. The total reserves in Freestone County are not
known but are reported to be so vast that a reasonable estimate is
not possible (See, RESERVES OF SAND-GRAVEL, Freestone County).

79. Conclusions,- The total reserves to be covered by the
proposed canal between Dallas and Anahuac are estimated at 71,280,000
tons, The total reserves coverable by the two major proposed
reservoirs are estimated at a minimum of 800 million tons and a
maximum of 1.395 billion tons (Fig. 4). The accountable (in
detail),and unaccountable (in toto) reserves are estimated to
exceed 5 billion tons. A minimum of 167. of the total reserves
are expected to be covered by the reservoirs. The maximum estimated
reservoir coverage of reserves is 287.. The quantity of aggregates
coverable by the proposed canal are inconsequential in terms of
the total quantity of reserves.
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LOCATION, QUANTITY OF SAND-GRAVEL RESERVES THAT WILL
NEVER MOVE WITHOUT WATERWAY

80. There are no known sand and gravel reserves in the Dallas-
Fort Worth Region that would never move without the waterway. All
the sand-gravel- deposits included in the Houston-Galveston consuming
region will also move without the waterway.

81. In general, it is conceded that gravel located along the
Trinity between central Navarro-Henderson Counties and the Austonio
area of Houston County will not be moved outside the Dallas-Houston
interarea in the foreseeable future (Locations, Fig. 5). Also,
sand deposits located south of central Navarro-Henderson Counties
and north of the Livingston area of Polk County will not move in the
foreseeable future without a waterway. One may add, that deposits
located between Dallas and Navarro-Henderson Counties, and between
Houston-Galveston and Houston, Polk counties, respectively, and south
of Trinity, will move, but at a much higher price than possible on a
waterway.

82. Specifically, there are over 100 million tons of sand and
gravel in southern Navarro-Henderson counties that are not likely
to move in the near future. Sand reserves in Freestone County,
estimated to be almost limitless, will never move without the water-
way. An estimated 100,000,000 tons of sand, 10,000,000 tons of
sand-gravel and additional large quantities of sand-gravel located
in Anderson County are not likely to move (Locations, Fig. 5).
There are over 200,000,000 tons of sand-gravel in Leon County that
have no market without the waterway. Perhaps 100 million tons of the
200 million tons estimated for Houston County (See Fig. 5) will not
move.

83. There are approximately 140 million tons of sand and gravel
in Walker County that are not expected to move for 25 to 50 years from
now without a waterway. Sand reserves located between Livingston
and Austonio (Fig. 5) are estimated at approximately one billion
tons. It is problematical as to how much will never move due to
the lack of a waterway, but it is reasonable to assume that 500
million tons would not be moved without adequate transportation
and mining facilities.

84. The total tonnage not movable due to lack of mining
facilities without a waterway is not known. The only specific
deposits discernible are located in Navarro-Henderson Counties. The
quantity given was 25 million tons of sand and gravel. There
are probably large reserves of sand in almost every County that may
never be produced due to dry-land~costs of mining (See section en-
titled: PRODUCTION METHODS AND COSTS OF SAND-GRAVEL).
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85. The total quantity of sand and, gravel that will never move
without a waterway that has been itemized is 1.155 billion tons.
In the Dallas-Houston interarea, the total itemized reserves plus
reserves undefined in detail (See, RESERVES OF SAND-GRAVEL) are
estimated to exceed 5 billion tons. Therefore, it seems plausible
that the itemized tonnage attributable to not being moved without
a waterway is conservative.

TRANSPORTATION MODES AND TRAFFIC
PATTERNS FOR SAND AND GRAVEL

86. Trucking is the transportation mode for sand and gravel
in the present producing areas of the Dallas-Fort Worth Region.
There are essentially no movements of sand and gravel by rail.
Principal movements occur south-to-north from Seagoville to the
Dallas area. Traffic patterns for the Trinity River Region are
shown diagrammatically in Figure 6.

87. West-to-east and south-to-north movements prevail from the
Brazos River deposits to the Fort Worth area. The deposits along
the Dallas-Fort Worth Trinity River and tributaries are consumed
in the nearby markets.

88. Rail and barge are the prevailing transportation modes
in the Houston-Galveston region. Rail movements from the Columbus-
Altair-Eagle Lake area account for about 70% of the sand-gravel
requirements in the region. Other major movement of sand is by
barge from the San Jacinto River, and by rail and truck from the
Trinity (Fig. 6). Truck transportation moves the aggregates for
distribution from dock and railhead locations.

89. Movements of all sand and gravel in the interarea of
this report are by truck. Movements are principally east and
west away from the local pits operating along the Trinity and
its tributaries.
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TABLE 5

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

Summary of Sand- Gravel That Will Not Move Without Waterway

Counties1

Navarro-Henderson

Freestone

Anderson

Leon

Houston

Walker

Polk, Trinity
San Jacinto

TOTAL

Quantity
(short tens)

(millions)

100

vast2

115

200

100

140

500 plus

1,155

311

1Location, Figure 5.

2Tonnage not known.



PROBABLE CHANGES IN TRANSPORTATION MODES AND
TRAFFIC PATTERNS FOR SAND-GRAVEL DUE TO WATERWAY

90. Trucking is the predominant transportation mode in the
Dallas-Fort Worth Region. Major quantities of sand-gravel are moved
from south-to-north to the Dallas consuming region, and within the
region (Fig. 6). If the proposed waterway is constructed, the
predominant transportation mode for sand and gravel for the Dallas-
Fort Worth Region will be by barge and will be from south-to-north
on the canal. There will be no significant volume of sand and gravel
from the Dallas-Fort Worth area moving south past Dallas.

91. All major Trinity River sand and gravel sources now
supplying the Dallas-Fort Worth Region are expected to be essentially
depleted within 15 years (See section entitled: RESERVES OF SAND-
GRAVEL). Thereafter, with the waterway in operation, the major
sand and gravel requirements will be met from along the Trinity
River south of Dallas. In 1966, the supplies from Seagoville
and areas to the north approximated 6,500,000 tons of sand and
gravel. Eighteen years from now (1985) the demand could exceed
10 million tons from the Trinity River south of Dallas.

92. As previously stated, approximately 70% of the sand-
gravel requirements are moved by rail from west of Houston. Rail
traffic patterns west of Houston are not expected to be changed by
a waterway in this region. Major producers expect to continue to move
the reserves from this area to the Houston market in increasing
quantities with or without a waterway, unless competition can succeed
from up the Trinity.

93. Sand and small-diameter gravel will be moved south on
the channel.

94. According to one major producer, sand and gravel could
be barged direct from the Victoria area up the Trinity as far north
as competitive rates would permit (canal from Matagorda Bay to
Victoria). Sand from the San Jacinto River would already be loaded
on barges and could move up the Trinity River to the extent of
competitive sources and rates.

312



95. The conclusion from the study of the Houston Region is
that sand and gravel wi1l continue to move by rail from the west
to the regional market. None of the Colorado County deposits is
expected to move on the canal. Sand from the San Jacinto and
Trinity Rivers will be moved up and down the river by barge.
Small-diameter gravel will be moved down river to the Houston,
Galveston, Port Arthur, Orange areas.

96. Movement of some materials consumed in the Dallas-Houston
interarea will be by barge if competitive barge rates and associated
costs can beat truck rates. Present traffic patterns are not well
enough established to predict with accuracy significant changes
within the interarea.

'The only way movement could be diminished would be if gravel could
be supplied at a cheaper cost from upriver.
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SAND-GRAVEL TRANSPORTATION ANALYSIS: MARKET AREAS,
TRUCK-RAIL RATES

97. Two major markets for sand-gravel aggregates exist within
the Trinity River Basin; the Dallas-Fort Worth and Houston-Galveston
metropolitan regions. The interarea, by coparison is not a major
consuming market.

Dallas-Fort Worth Region

98. Sand and gravel for aggregate use are transported by truck
from the Brazos River, the Seagoville area of the Trinity River,
and the Trinity River flood plain and its tributaries in Dallas,
Tarrant, and Denton counties (Fig. 6).

99. Data illustrating average length-of-haul, transportation
modes and rates are shown on Table 6. Transportation figures shown
do not include loading costs.

100. Truck rates for short-haul distances of 30 miles or less
average 3.940 per ton-mile. There are no major movements of sand
and gravel by rail, therefore the least costly transportation mode
is essentially that of trucking.

Houston-Galveston Region

101. Sand and gravel for aggregate use are transported by rail
from Columbus-Altair-Eagle Lake, by barge from the San Jacinto
River, by rail and truck from the Trinity River northeast of Houston
(Fig. 6).

102. Columbus-Altair-Eagle Lake supplies approximately 70% of
the sand and gravel for the area. The San Jacinto and Trinity
localities supply approximately 20%. Trucks haul from numerous
localities within the region. However, the major mode of transport
for aggregate materials in this region is rail and barge.

103. Data illustrating average length-of-haul, transportation
modes and rates are shown in Table 7. Transportation figures do
not include loading and unloading costs.

104. Rail transportation costs average 1. 45#/ton-mile for
approximately 70% of the present market supply. Average haul distances
are ll0 miles.
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TABLE 6

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

Transportation Analysis of Dallas-Fort Worth Region

Original

Brazos River

Seagoville3

i

'i

Mode Destination

Truck Ft. Worth

"s Dallas 3

Dallas

Dallas

Seagoville

Ave. Dist.
milese)

30

25

25

25

10-15

1Locations, Figure 2.

2Rate in cents/ton-mile.

3Repetition represents rates from different sources.,
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Rate2

2.9

5.0

2.8

3.0
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Colur

Eagle

TABLE 7

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

Transportation Analysis of Houston-Galveston Re

Origin1  Mode Destination Ave. Dist
(miles)

mbus-Altair Rail Houston 65

Lake " Houston 70

"t " Liberty 40

it Livingston 75

"t Beaumont 165

Port Arthur 175

Orange 177

Galveston 118

Texas City 118

" Freeport 100

Rion

Rate
2

$1.16

1.23

1.6-1.52

1.7I-1.92

1.75

1.87

1.87

1.60

1.60

1.60

1 Location, Figure 2.

2 Rate in dollars/ton unless indicated otherwise.
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PRODUCTION METHODS AND COSTS FOR SAND-GRAVEL

105. Comparison of Hydraulic and Dry-Land Costs.- The costs of
dry-land and hydraulic or semi-hydraulic production of sand-gravel

depend on many variables. Therefore, several qualitifications are

necessary in arriving at cost figures for comparison.

(1) The data presented do not include royalties or taxes on land
owned in fee. Royalty costs may vary from 100 to 40C per cubic yard.
Royalties do not directly affect the production (manufacturing) methods
or costs for comparative purposes.

(2) The ratio of sand-gravel to overburden and the ratio of sand-

to-gravel in deposits are of prime importance in production costs.

Sand and gravel are used in an approximate ratio of 40:60 in concrete.

In some market situations variations from this result in an im-balance

or over production of one commodity, which is usually sand. This

im-balance may be corrected in a dredge operation with a corresponding

reduction in production costs.

(3) Comparisons to be presented are based on an average production
of approximately 59,000 tons per month for the dry-land plant, and

pumping of 55,000 tons/month for the hydraulic plant. The dredge
plant used as an example would be operated to produce 60% gravel and

40% sand. The total tonnage pumped would be approximately equivalent
to the dry-land plant but a portion would be "backwaated" in order

to produce only "marketable" products. The quantity of material

"backwasted" in the comparison approximates 40%. Thus, in this
example the dredge plant would produce 33,000 tons of "marketable"
material per month. One major producer estimated that the Trinity
deposits are hydraulically producible with 10-15% wastage due to

the marketing of sand in larger ratios (to gravel) than 40%:60%.

The greater the percentage of material pumped that is marketed,
the lower the cost of production. Therefore, the cost figures
presented for hydraulic operations are deemed conservative.

(4) Dry-land production includes cost of loading trucks and/

or railcars from the stockpile. Hydraulic production costs include

loading finished product onto barge along-side plant. The cost of

barge-along-side is attributed to transportation. Equal point of

delivery is considered to be finished product loaded at plant site.

(5) The hydraulic operation presented represents a 12" dredge

requiring approximately 5,000 gallons of water per minute operating
in 12' of water.

(6) Equipment costs for such an operation, including screens,
are about $200,000. An equivalent dry-land plant with two draglines

costs at least $230,000.
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(7) The cost of moving a dredge operation as described is
estimated at $2,500 to $3,000. The cost of moving a dry-land
plant may exceed this figure by a factor of 10.

(8) All the average-cost and detailed-cost data are for the
current period. No cost projections are made for 1985.
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Dallas-Fort Worth Region
4

106. Detailed-cost data for hydraulic and dry-land operations

were obtained from two major producers. The detailed-cost data

represent two active hydraulic plants, and the dry-land data repre-

sents an .erage of several plants in each organization. Data

for average-cost of dry-land operations are combined from three of

the four major companies in the region.

107. The average cost for dry-land operations producing sand

and gravel in the Dallas-Fort Worth region is 74C per-ton. The 740

per-ton differs from the 79C per-ton average presented in the draft

report. The 790 per-ton represented the average of all producers

but two (large and small) in the Basin, whereas, the 74C per-ton is

a "weighted" average of three major producers in the Dallas-Fort

Worth region. The 74C per-ton figure is probably more valid because

only the major ;ompanies are expected to operate fully hydraulic

units capable of producing the quantities advocated for comparison.

108. The average.cost for hydraulic operations is estimated at

430 per-ton. This estimate is from companies with active operations

outside the Basin, but they are comparable to operations projected

for use in the Basin in the event dredging becomes feasible. The

original report of 500 per-ton was an average of all producers in

the Basin. The average saving projected for this region is 310

per-ton for hydraulic production of sand and gravel.

109. Detailed costs (averaged) for dry-land and dredge operations

obtained from companies are as follows:

DETAILED-COSTS DRY-LAND DREDGE

(cents/ton) (cents/ton)

Direct costs; labor, supervision,

fringe benefits, ins., work-
mans comp., etc. 20.1 12.5

Indirect costs; power, fuel,
utilities, maintenance
supplies and labor, etc. 37.3 18.5

Fixed costs; depreciation, taxes,

ins., supervision, clerical,

office expenses, etc. 16.5 11.5

TOTAL 73.9 42.5

110. The net savings attributable to hydraulic over dry-land

production is 31.40 per ton.
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Houston-Galveston Region

111. Dry-land costs for producing sand and gravel in the region
average 750/ton. This represents data from all but one of the major
producers. Dredging operations for sand and gravel are estimated
to cost an average 550/ton. This represents data from all three
major dredge operations in the region. The dredging costs are
predominantly for sand production.

112. The average saving of dry-land over hydraulic operations
is 20e/ton. No detailed-cost data were obtainable from the operators
Of this area.

Previ us Estimates for the Trinity River Basin

113. Previous estimates of 35C/ton in savings have been pub-
lished by Pickens (1965), Willson (1965), and by the Trinity Improve-
ment Association (1962).

114. One of the individuals (personal communication, May, 1967)
up-dated his 1965 statement from 350/ton to 310/ton in savings for
dredge operations. The revised estimate is "in light of more accurate
figures developed (by him) during the past months." An average
of the published estimates and the Houston andDallas region estimates
is 290 per ton.

115. The greatest potential for hydraulic production of sand
and gravel will be by the major operators in the Dallas-Fort Worth
Region and will be from the upper reaches of the river. Therefore,
the 290 per-ton saving is believed to be conservative. The maximum
average-saving to be realized is not expected to exceed the 310 per-
ton estimated by the companies in the Dallas-Fort Worth Region.

320



Affect of Waterway on Production Methods of Plant Locations

116. There was only one producer in the Dallas-Fort Worth
Region that indicated any probability of changing from a dry-land
to a hydraulic operation in the present producing region. The
probability for this change depends upon the final position of the
canal south of Dallas.

117. All the major producers in the Dallas region indicated
that hydraulic operations would be introduced along the Trinity
River if sufficient water were made available. These operations
would be located south of Dallas County, particularly in Henderson
and Navarro counties. Some smaller operators anticipate developing
sites down the Trinity principally for barging rather than hydraulic
operations.

118. The Houston deposits that supply 70% of the sand-gravel
are located far from the Trinity (Fig. 2). There is no possibility
of plant relocation. The sand deposits northeast of Houston along
the San Jacinto River are now being dredged and barged. The large
operators do not now have major total production and reserves
situated whereby there is any probability of plant relocation to
the Trinity for barge loading or changing production methods. Changes
in production and transportation methods would be dependent upon
developing the present locations near the Trinity (Fig. 2). In
short, there are no benefits to be derived in the San Jacinto,
La Grange, Columbus-Altair-Eagle Lake localities that are attribu-
table to production changes or plant relocation.

119. Probability does exist for continuing production methods
with a potential for producing larger quantities because of water-
way movement. All operators canvassed, except one, indicated a
likelihood of increased production due to waterway movement.

120. The quantities of material that will be hydraulically
produced and the quantity of increased production due to cheaper
transportation is difficult to estimate, according to the companies
interviewed. It is obvious that all material economically feasible
to produce in the Trinity River Basin will not be located along
the canal site. If water is made available in nearby off-canal
localities for operation of shallow-water dredges, production savings
may be realized for these deposits. Pickens (1962) estimated
"more than 50% of the Trinity flood plain deposits can be dredged
instead of strip mined." In the same report, Willson estimated a
"minimum of 75% of the sand and gravel in the flood plain could be
dredged." Some companies indicated essentially all the flood plain
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deposits have the potential to be hydraulically produced. In the
opinion of the writer, based on (1) conversations with.people in
the industry, (2) the ratio of channel size to width of the flood
plain, (3) location of channel in relation to the present stream,
and (4) on location of some of the reserves enumerated in the report,
it is not feasible that more than 75% of the total reserves will be
dredged unless water is made available for the total dredging process,
and dredging is permitted in some of the proposed reservoirs
(See section entitled: LOCATION, QUANTITY OF RiESERVES WITHIN
PROPOSED CHANNEL AND RESERVOIRS).

121. In the revised contract (See, SCOPE OF WORK) the assumption
was made that dredging of sand and gravel reserves will not be
permitted within the channel and reservoirs created by locks and
dams. All the major producers of the Dallas-Fort Worth Region indi-
cated that practically none of the Trinity flood plain deposits
could be produced by hydraulic methods if the proposed canal were
not available. The total quantity of material to be covered by the
canal and two major reservoirs approximated 0.871 to 1.466 billion
tons. These materials, under the present assumption, would be
excluded from production. Other reserves in the "abandoned" meanders
and within the flood plain could be dredged if water were available
for hydraulic operations. The potential tonnage to be hydraulically
produced in this event would approach in quantity the total flood
plain reserves (5 billion tons) minus the reserves in channel
and reservoirs.

122. One may assume that with average savings of 29t per ton,
the hydraulically producible deposits would be eventually developed.
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PART II: 'STONE AND SHELL SPECIAL STUDY

LOCATION, QUANTITY, AND QUALITY OF STONE AND SHELL

PRODUCED IN TRINITY RIVER REGION

Dallas-Fort Worth Region

123. Limestone for specification-quality (ASTM, AASHO) aggregates
was produced by (1) five manufacturers located .near Bridgeport-Chico,
Wise County; (2) two in parker County; and, (3) by one operator in
Palo Pinto County (Locations, Fig. 7; Producers, Appendix, Table E).
The principal source for quality, crushed limestone is in Wise County.

124. Soft, crushed limestone was produced within the area from local
rock quarries by on-site contractors and as a bi-product of some manu-
facturers of lime. These products do not meet specifications for quality
concrete aggregate. The soft,;crushed limestone was used for base
materials in State and county road construction. Production comes from
Denton, Dallas, Collin, Hood, Johnson, Palo Pinto, Tarrant, and Parker
counties. This production is used locally and would not be moved on
a waterway.

125. The total crushed aggregate production for the region approxi-
mated 5,650,000 tons (Table 8). The total production accounted for 45%
of the total aggregate production in the region. Of the total stone
production accounted for in this report, approximately 95% was of
concrete-aggregate quality. Crushed stone has gained wide usage due
to the quality-control possible with a homogeneous, mono-mineralic
rock such as limestone, and to the shortage of quality coarse aggregates.

Houston-Galveston Region

126. There were 6,098,133* tons of shell produced from the coastal
bays for cement manufacture and for aggregate use in 1966 (Locations,
Fig. 7).

127. Of the total quantity, 2,393,933 tons were attributable to
cement manufacture (Table 9). The shell producers supply shell to
four major cement manufacturers (Appendix, Table G) in the Houston
area. One cement manufacturer operates in Orange, Texas, and another
in Corpus Christi, for a total of six in the Gulf Coast area. The
Corpus Christi manufacturer does not market cement or aggregates to
the Houston region, thus, the location is not considered in the report.

*Figure reduced below tonnage given in preliminary report due to
replication discovered in data from a manufacturer.
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128. The other five cement manufacturers do not supply all the
cement for the region. Cement produced in Waco and San Antonio,
(Producers Appendix, Table G, Locations, Fig. 7) is marketed within
the region away from the metropolitan area of Houston.

129. The shell for aggregate use was consumed in road construction
for flexible and cement-stabilized bases. The total quantity dredged
in 1966 was 3,704,200 tons (Table 9).

130. There are no major stone operations for cement use in the
region. Approximately 800,000 tons (Table 9)*of stone from the
Burnet, Georgetown, San Antonio, and New Braunfels region (locations,
Fig. 7) were shipped mostly via rail for use as rip-rap, jetty stone,,
road materials, and aggregate,.

*Figure reduced below tonnage given in preliminary report due to

replication discovered in data from a manufacturer.
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TABLE 8

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

Stone Production for Dallas.- Fort Worth Region, 19661

Location2

Bridgeport-Chico

Palo Pinto, Parker

Texas Highway Department
Uses 4 , and Independent
Contractors

Material

Limestone

Limestone

Sandstone
Limestone

TOTAL

Quantity
(short tons)

3, 864, 0003

1,505,000

105,000
176, 000

5,650,000

1List of producers

2Locations, Figure 7.

3Total production was
Fort Worth Region.

in Appendix, Table E.

5,520,000 tons. Estimated 707. to Dallas-

4Highway Department usage in Denton, Dallas, Collin, Johnson,
Tarrant, Hood, Parker, and Palo Pinto counties. Contractor
produced for a specific job by independent operators.
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TABLE 9

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

Stone Production for Houston - Galveston Region. 19661

Location2

Galveston, Trinity
Matagorda Bays

Texas Highway Dept. 3

New Braunfels, Georgetown
Burnet, San Antonio

Material

shell
shell

stone

(aggregate)
(cement)

(aggregate)

stone (aggregate,
etc.)

TOTAL

Quantity
(short tons)

3,704,200
2,393,933

88,000

800,000

6,986,133

1List of producers in Appendix, Table F.

2 Locations, Figure 7.

3Contractor produced for a specific job by independent operators.
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Between Dallas-Houston Regions t,;

131. All the stone produced as aggregates was consumed within the
region. Total quantities produced-are not accurately estimable, however,
all significant quantities of production are accounted for.

132. Kaufman and Rockwall Counties.- Crushed limestone for aggregate
use was produced from the eastern-part of KaufmanCounty (Fig. 7). The
quantity produced was sufficient to supply local needs. Contractors in
Kaufman County produced 431,000 tons of crushed limestone in 1966 for
use by the Texas Highway Department. Total contractor production in the
county in 1965 approximated 272,000 tons (Netzeband, Bureau of Mines,
Dallas).

133. The limestone is variable in hardness. Variations exist within,
deposits, and particularly between localities. The limestone was used
for flexible base and for rip-rap on earthen dams.

134. Sandstone was produced in Rockwall County for flexible-base
by the Texas Highway Department. Total production in 1966 :equaled
170,000 tons.

135. Ellis County.- Soft limestone (Austin Chalk) was crushed for
road base-material. Crushed aggregates produced by contractors for the
THD in 1966 totaled 88,000 tons.

136. Limestone was also produced for cement manufacture by two
plants at Midlothian (Fig. 7).

137. Navarro and Henderson Counties.- Limestone was crushed for
aggregates in southcentral Navarro County (Fig. 7). The deposits meet
all requirements of State specifications for concrete aggregate or
cover stone. These materials are also used for rip-rap. The total
production is concealed under the summation to follow. No significant
quantity of stone production comes from Henderson County.

138. Freestone and Leon Counties.- Quality sandstone and siltstone
were crushed by one operator in Freestone County. The locality is about
one-half mile from the Trinity River (Fig. 7). The stone is hard and
meets specifications for concrete-aggregate in- highway and dam construction.
Total production concealed in figures given under section to follow.
Soft sandstone was produced for road construction in. Leon County.

139. Summary.- Crushed limestone and sandstone were marketed within
the region. The total quantity of stone produced approximated 1,089,000
tons.
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RESERVES OF STONE AND SHELL

1110.Location, Quantity, Life Expectancy.- Data for reserves
were requested in terms of years and tons from the companies and
people interviewed. Present volume of tonnage multiplied by the
number of years estimated for company reserves were usually used to
derive the total quantity figures. Each company estimated the number
of years reserves in terms of the present economic situation and
the foreseeable demand for the product.

Dallas-Fort Worth Region

1. Reserves of stone suitable for specification-quality
crushed aggregates are known in this region only from localities now
being produced. The areas are located (1) at Bridgeport-Chico,
Wise County, and in (2) Parker, Palo Pinto counties (Fig. 8).

142. The five major producers at Bridgeport-Chico (Appendix,
Table E) conservatively estimate they now have under control a minimum
50 year supply. The range in company estimates was from 40 to 80
years. Information from geological reports (Raish, 1964; Feray,
open file reports) indicates that the limit of availability of stone
in the area is controlled mostly by the economics of overburden
removal.

143. Several producers estimated that 100 years of production
could be sustained if different economic conditions would permit
removing additional overburden. At the present rate of production of
5,520,000 tons, an average 50 year supply, and with reserves given by
individual companies, the cumulative total is estimated to exceed one
billion tons.

14+4. The only way the proposed canal would decrease the life
expectancy of the Wise County deposits would be if new market demands
were created down river from Dallas and/or new market demands were
created in the Dallas area.

145. The producers of crushed aggregates in Parker, Palo
Pinto counties (Appendix, Table E) estimate well over a 100 year
supply. Without question, the geographic extent of these deposits
are sufficient for long term supply in large volumes. However,
under the present economic conditions of producing and hauling, the
entire extent of the deposits of quality materials is not available
to the market. These deposits would not be appreciably decreased
by the proposed waterway.
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146. In summary, limestone for crushed aggregates is in abundant
supply in the present areas of operation. None of the producers
interviewed for sm a shortage of these materials in 50 to 100 years.

Houston-Galveston Region

147. Shell reserves for aggregates and for cement manufacture
are located in the Gulf bays (Fig. 8). The life expectancy of the
shell deposits is estimated at 20 to 25 years. The presence of a
waterway would be expected to reduce the reserve figures by five
years. This means that by 1985 about 2 to 7 years of reserves would
be left. These would soon be depleted due to the waterway being in
operation. The total known quantity of shell reserves in present
producing areas is put at 75 million tons by the producers. Based
on life expectancy figures (20-25.years) and present tonnage of
production (6,000,000 plus) the total probable reserves may be on
the order of 150 million tons.

148. Legislation is now pending to restrict removal of oyster
shell from Matagorda and Galveston Bays due to pollution of live
oyster reefs. The outcome at this time is problematical. Should
this practice decrease or cease, new demands would be created. for
coarse base-materials and for raw materials for cement manufacture.

149. There are no sources in the Houston region for limestone
for cement manufacture to replace shell use. In the event a waterway
wer not present, and shell production were restricted, or reserves
were depleted, raw materials for the region would be supplied from
the San Antonio area (Fig. 8). Also, cement would likely be shipped
from San Antonio and Waco. In the event a canal were present and
shell production were restricted, or reserves were depleted, the
Dallas, Fort Worth, and Midlothian deposits (Fig 8) could supply
cement to the Houston market.

150. Life expectancy of reserves in the Waco and San Antonio
areas is estimated -at greater than 100 years. The same is also true
for the Dallas-Fort Worth region.

151. There are no reserves of quality stone for aggregates known
in the Houston-Galveston area. Small quantities, in terms of the total
market for concrete-quality aggregates, are marketed to the region
from San'Antonio, New Braunfels, and the Georgetown-Burnet area
(Locations, Fig. 8). These areas also supply rip-rap, jetty stone,
cover stone, etc., to the market. There is more than a 100-year
supply.

152, In the event shell production were restricted, or reserves
depleted, and a waterway wer not present, gravel to replace shell
would be supplied from the present producing areas in the region.
Stone would also be supplied from the San Antonio, New Braunfels,
Georgetown areas. Stone reserves are available for aggregate use
in Walker, Polk, Trinity, and San Jacinto counties. Gibbs Brothers
and Company (Exhibit D, TIA Report, 1962) estimated reserves of
20,000,000 tons of sandstone in San Jacinto and Walker counties.
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Between Dallas-Houston Regions

153. The location of deposits are enumerated in those counties
which lay south of Dallas County and north of Trinity-Walker counties.
(Fig. 8).

154. Kaufman County.- Reserves of limestone for crushing are
located in the eastern part of the County. Approximately 10,000,000
tons of known reserves are within the County (Table 10). Incaprera
(Open file report, 1959) estimated limestone reserves in the County
at 7,000,000 tons. These materials meet ASTM specifications, for
flexible base and asphaltic concrete aggregates.

155. The life expectancy of the limestone in terms of present
market demand, without the waterway, is estimated at 20 to 30 years.
These figures are based on the 1966 usage ,in the County (about 0.4
million tons) and the estimated reserves. A decrease in life ex-
pectancy of the deposits with the waterway is problematical due to
trucking distances of 25 miles to the river.

156. Ellis County:- Limestone (Austin Chalk) for crushing is
plentiful in the area but the quality of the material is fit only
for road base. The Texas Highway Department is the major user of
this material for aggregate purposes. The material is used for
cement manufacture. Reserves are almost unlimited.

157. Navarro County.- Limestone suitable for concrete aggregate
is known in the south central part of Navarro County (Fig. 8). The
deposit extends from Richland Creek southward for a distance of 10
miles. There are numerous deposits ranging from zero to 20 feet in
depth below the surface over areas as much as 75 to 100 acres in
areal extent. The total quantity of reserves is estimated by a major
company to be on the order of 100,000,000 tons. The life expectancy
of the deposits is problematical due to locations 20-30 miles west
of the proposed canal.

158. Leon County.- Aggregate resources in Leon County are
available as iron-ore rock and gravel, and as sandstone. The total
quantity and life expectancy are unestimable.

159. Freestone County.- Quality sandstone and siltstone are known
from only one locality in the County (Fig. 8). The location is ap-
proximately one-half mile from the River. Reserves are estimated at
10,0 00,000 tons of concrete-quality stone and 8,000,000 tons of rip-
rap. The life expectancy of these reserves would be increased if
the waterway were built. The deposits that .are economically feasible
to produce will probably be depleted before implementation of the
waterway; however, savings realized by waterway transportation plus
new markets along the Coast would make larger volumes of reserves
economical to produce.
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TABLE 10

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

Summary of Stone Reserves Between Dallas-Houston Regions

Location1

Kaufman

Navarro

Leon

Freestone

Anderson

Houston

TOTAL

Tonnage

(millions)

10

100

Unknown

18

48

Unknown

176

Life Expectancy

(years)

20-302

Unknown

Un

I

Unknown

1 Locations, Figure 8.

2Life Expectancy with or without waterway.
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160. Anderson County.- Iron-ore gravel and soft sandstone deposits
are estimated at 48,000,000 tons. These materials are wide-spread at
the surface over about 4,000 acres of the County. The life expectancy
of these deposits is unknown. The materials will likely never be
depleted under present transportation conditions and quality standards.

161. Houston County.- Reserves of low quality stone are located in
the northern part of the county. Total reserves and the life expectancy
of the deposits are unknown.
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LOCATION, QUANTITY OF STONE AND SHELL RESERVES

THAT WILL NEVER MOVE WITHOUT WATERWAY

162. There are no stone deposits suitable for aggregates or cement
in the Dallas-Fort Worth Region that are attributable to never being
moved without a waterway.

163. Shell in the Houston-Galveston region will be depleted with or
without a waterway. The only stone in the region that may never move
without a waterway is located in Walker,. Polk, Trinity, and San Jacinto
counties (Fig. 8). The total accountable reserves are estimated at
20 million tons. Total tonnage is not known.

164. A portion of the high-quality stone reserves in Freestone
County will never move without a waterway. Savings realized by
waterway transportation plus new markets along the Coast would
permit movement of an estimated one million tons per year. Total
reserves depend upon future economics of production and marketing,
but they are conservatively estimated a~t 18 million tons.

165. The Navarro and Kaufman counties deposits (Fig. 8) are
questionably attributable to not moving without a waterway. These
deposits are 20-30 miles from the river.

166. In conclusion, only stone reserves in Freestone County,
and in San Jacinto, Polk, Trinity, and Walker counties are subject
to not being moved without waterway transportation.
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TRANSPORTATION MODES AND TRAFFIC PATTERNS

FOR STONE AND SHELL

167. In the Dallas-Fort Worth Region the major movement of crushed
stone is north-to-south from Wise County, and west-to-east from Parker
and Palo Pinto counties (See, Fig. 9). An estimated 80% of the produc-
tion from Wise County, the major source, is moved by truck, and 207.
by rail. Stone is hauled from Palo Pinto and Parker counties by truck.

168. In the Houston-Galveston Region, shell for aggregate use is
moved by barge to stock pile and then by truck to site of use. Shell
for cement manufacture is also moved by barge. Stone from the New
Braunfels, Burnet, Georgetown, and San Antonio areas (Locations, Fig. 9)
is moved into the region principally (80%) by rail.

169. Essentially all shipments of stone in the Dallas-Houston
interarea are by truck. Materials are shipped 75-100 miles from the
major production site, which is in Freestone County.
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PROBABLE CHANGES IN TRANSPORTATION MODES AND TRAFFIC PATTERNS

FOR STONE AND SHELL DUE TO WATERWAY

Dallas-Fort Worth Region

170. Trucking and rail shipments from the present producing
localities for stone (Fig. 9) will prevail with the waterway in
operation. No large quantity of stone is expected .to move to the
Dallas-Fort Worth area by barge.. However, shipments of store aggregate
from Bridgeport-Chico and from Parker-Palo Pinto counties may bypass the
region. If shipments bypass the region, they will be by barge and the
movement will be from Fort Worth south past Dallas and on to a final
destination. The quantity that would bypass the region on the waterway
is unknown. Transportation of major quantities will depend on the
demands of new markets.

171. No movements of stone for cement manufacture are anticipated.
However, shipments of cement, the finished product, will occur down
river.

Houston-Galveston Region

172. Movement of shell in the region is already by barge. Shell
is expected to be moved northward on the proposed canal. The material
will already be loaded on barges from the processing plant, therefore
will be able to readily compete from a transportation standpoint. The
quantity of shell that will be moved on the waterway is unestimable by
the major operators. Considering the life expectancy of shell deposits,
the quantity should diminish by 1990.

173. The stone requirements are met by rail -and truck from the
New Braunfels, Burnet, Georgetown, and San Antonio areas (Fig. 9).
Stone from these areas, when moved, will still be shipped principally
by rail.

174. There are stone reserves in Walker, Polk, Trinity, and San
Jacinto counties (Fig. 8) that will likely move to the Houston market
with a canal in operation. The quantity expected in 1985 is unestimable.

Between Dallas-Houston Regions

175. The present mode for stone movement in the area is principally
by truck. The only major source is in Freestone County (Location,
Fig. 9).. New traffic patterns will develop by barge if the waterway is
built. The major movement will principally be south to the Houston
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market. The total quantity expected is about one million tons/year
in 1985. The duration of the shipments will depend on reserves
available (See, RESERVES OF STONE AND SHELL: Freestone County).
Transportation of Freestone County stone aggregate via canal to the
Dallas market will be minimal because of the closer availability of
gravel deposits.

176. The movement of stone from Navarro and Kaufman counties is
questionable due to locations 20-30 miles from the proposed canal
(Fig. 9). If movement does occur it will likely be down the canal
because.hauling to the canal then barging to the north would not be
competitive with trucking direct to the'north. There are no limestone
deposits known that would likely be moved for cement manufacture.
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STONE AND SHELL TRANSPORTATION ANALYSIS: MARKET AREAS,

TRUCK-RAIL RATES

177. Two major markets for stone and shell exist within the Trinity
River Basin; the Dallas-Fort Worth and Houston-Galveston metropolitan

regions. The interarea, by comparison, is not a major consuming market.

Dallas-Fort Worth Region

178. Crushed stone is transported by truck and rail from Bridge-
port-Chico, Wise County, and by truck from Parker, Palo Pinto counties
(Locations, Fig. 9). An estimated1 807. of the Wise County production
is hauled by truck, and the remaining 20% is hauled by rail.

179. Data illustrating average lengths-of-haul, transportation modes,
and rates are shown in Table 11. Truck haul-distances for about 95%
of the crushed-aggregate market average 72 miles. The average truck
rate is 2.36c/ton-mile.

180. Rail transportation costs average 1.730/ton-mile from Wise
County to Fort Worth, and 1.630/ton-mile to Dallas. The least-costly
mode is rail, if the sites of origin and destination of the commodity
are situated on a railroad. In this region approximately 907. of the
crushed aggregate production moves by truck; therefore, the least-
costly transportation is essentially that of trucking.

Houston-Galveston Region

181. There are no movements of stone in this region for cement
manufacture. Approximately 800,000 tons of stone for aggregates,
rip-rap, cover stone, etc., were shipped via rail from Burnet, George-
town, New Braunfels, and San Antonio (Locations, Fig. 9). Transportation
rates are shown in Table 12.

182. Trucks are used locally within the area for movements of
low-quality base materials.

183. Shell is moved by barge from dredging sites in the bays to
dock side for unloading. Barge rates are being developed by the Corps
of Engineers, Galveston District.

1 Percentage derived from producers estimates.
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Product

Crushed limestone

of

of

"

"3

TABLE 11

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

Transportation Analysis of Dallas-Fort Worth Region

Origin1  Mode Destination Ave. Dist

Parker County Truck Fort.Worth 45

"s"f Dallas 75

"o"f Waxahachie 80

"f" Corsicana 118

Wise County " Fort Worth 55

"t"t Dallas 75

"t"s Dallas 65

"o"s Dallas 60

Rail Fort Worth 55

"o"f Dallas 75

1Locations, Figure 9.

2Rate in cents/ton-mile. Repetition of origin-destination data represents
different information sources.
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2.2

2.5

2.0

1.9

2.3

2.5

2.5

3.0

1.73

1.63



Between Dallas-Houston Regions

184. Trucks are used exclusively to transport crushed aggregates.
The only location for quality stone-aggregates is in Freestone County
(Fig. 9). Rates are established by independent haulers and are variable.

185. Low-quality stone is produced from other locations (Fig. 9),
and is hauled by truck within the. surrounding area. Again, truck rates
are variable.
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TABLE 12

TRINITY RIVER AND TRIBUTATIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

Transportation Analysis of Houston - Galveston Region

Origin Destination Distance

New

"t

Braunfels

"S (base mat.)

"s "t (aggregate)

"l "1 (base mat.)

"t 33

"3 33

Georgetown (aggregate)

"f (cover stone)

San Antonio

"3

"H

Houston

I"

Galveston

Beaumont

"t

Port Arthur

Texas City

Houston

'1

Galveston

Beaumont
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Rate 2

(miles)

176

176

222

265

265

285

215

190

190

200

220

289

1.92

1.77

2.18

2.40

2.27

2.41

2.08

2.06

1. 84

1.93

2.28

2.39

1Locations, Figure 7.

2Rate, Dollars/per ton.
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REEVALUATION OF NAVIGATION FEATURES
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TABLE A

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT .

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

List of Companies and the Personnel Interviewed

Alamo Cement Company*

Leroy Oneal
W. R. Erby
San Antonio, Texas

Alpha Portland Cement*

Mr. McQuhae, Plant Manager
San Jacinto Building
Beaumont, Texas

Campbell and Sons Sand and Gravel*

Joseph Campbell
521 Beach Street
Fort Worth, Texas

Capital Cement Company

Carl Strating, Plant Manager
San Antonio, Texas

Centex Cement Corporation

Malcolm Alexander
Box 1200
Corpus Christi, Texas

Crushers Incorporated

John H. Van Amburgh, Executive Vice President
400 Stemmons Tower South
Dallas, Texas

* Data obtained by personnel of Corps of Engineers, Galveston District.
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East Texas Stone Company

R. E. Able, President
Corsicana, Texas

Gifford-Hill Company, Inc.

Roy Stanley, Mgr.. Expl. Dept.
2949 Stemmons Freeway
Dallas, Texas

Gulf Coast Portland Cement*

Neal Peckham
6203 Industrial Way
Houston, Texas

W. D. Haden Company

C. R. Haden, President
2243 Milford
Houston, Texas.

Harston Gravel Company, Inc.

R. B. Harston, Jr., President
7000 Midway Road
Fort Worth, Texas

Holsey Bros. Sand & Gravel*

B. J. Holsey
Austonio, Texas

Horton & Horton

George Horton, President
Mr. Hedges, Vice President
Jack Bowen, Sales Manager
621 North Live Oak
Houston, Texas

Ideal Cement*

Mr. Conley, Plant Manager
San Jacinto Building
Houston, Texas

*Data obtained by personnel of Corps of Engineers, Galveston District.

347

97- 086 0-68-23



Industrial Concrete

Jim Blakeman, General Manager
Ridglea Tower Building
Fort Worth, Texas

Lagow Gravel Company

Mr. Lagow, Owner

Seagoville, Texas

Longhorn Cement Company

Mr. Gaines Voight, Vice President
San Antonio, Texas

McDonough Bros.

Paul Koerner

San Antonio, Texas

Nelson Bros. Gravel Company*

Tom Morton, Bookkeeper
Trinity Mill Road
Carrollton, Texas

Palo Pinto Stone Company

D. C. Hopper, President
Dallas, Texas

Parker Brothers & Company, Inc.

C. T. Parker, President
P. 0. Box 107
Houston, Texas

Servtex Corporation

J. G. Rheinlaender
Box 729.
New Braunfels, Texas

* Data obtained by personnel of Corps of Engineers, Galveston

District.

348



Sparkman Gravel Company

Farmers Branch, Texas

Superior, Sand & Gravel, Inc.

D. F. Postle, Vice President
P. 0. Box 892
Bellaire, Texas

Texas Construction Materials Company*

Gordon Jones, Executive Vice President
3816 West Alabama
Houston, Texas

Texas Industries

Cedric Willson, Vice President Engineering

Arlington, Texas

Texcrete Company*

E. W. Christensen
2202 Nance
Houston, Texas

Tex-0-Line Stone Company

D. F. Mooney, Vice President
Box 218
Weatherford, Texas

Thorstenberg Materials Company

Joe Speer, Traffic Manager
1435 Bank of Southwest
Houston, Texas

Trinity Concrete Products

Cecil Cannon, Treasurer
2800 Republic National Bank Building
Dallas, Texas#

* Data obtained, in part, by personnel of Corps of Engineers,

Galveston, District.
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Trinity Portland Division of General Portland

Bank of Southwest
Houston, Texas

Universal Atlas Corporation

Jim Gresham
Waco, Texas

Weather ford Sand & Gravel .Company*

Joe Bennett, Manager
403 Ft. Worth Street
Weatherford, Texas

Wesco Materials Corporation

W. W. Pickens, President
Dallas, Texas

Wesco-Wamix, Inc.

T. M. Mallon, Vice President
Norris Northcutt, Geologist
Stemmons Freeway
Dallas, Texas

Other Sources: Texas Highway Department District Offices, other
independent operators and.sources listed under:
Information Sources, Personal Communication;
Producers in area between Dallas-Houston, Table D.

* Data obtained, in part, by personnel of Corps of Engineers,
Galveston, District.
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TABLE B

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

Producers of Aggregates in Dallas-Fort Worth Region, 1966

Trinity River, Dallas-Fort Worth;
Seagoville

Gifford-Hill Company
Wesco-Wamix
Trinity Concrete Products
Texas Industries
Nelson Brother's Gravel Company
Harston Brother's Gravel Company, Inc.

Campbell & Sons Sand & Gravel
Sparkman Gravel Company.
Lagow Gravel Company

Brazos River, Parker, Palo Pinto, Johnson, Hood Counties

Trinity Concrete Products
Texas Highway Department
Independent Operators
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Producers

TABLE C

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

of Aggregates in Houston-Galveston Region 1966

Columbus-Altair-Eagle Lake, La Grange

Horton & Horton
W. D. Haden
Thorstenberg
Parker Brothers
Superior Sand and Gravel
Texcrete Company

Cleveland, Urbana, Liberty, San Jacinto River

Texas Construction Materials
Thorstenberg
Gifford-Hill Company, Inc.
Horton & Horton
Cleveland Sand and Gravel
Parker Brothers

Texas Highway Department and Independent Operators
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Producers

TABLE D

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONF STUDY

of Aggregates -Between Dallas-Houston Regions 19661

Kaufman County

Producers listed under Dallas-Fort Worth Region, Table B

Ellis County

H. R. Burden Gravel Company
Dixon Sand & Gravel Company
Rabe Sand & Gravel
E. W. Able & Sons (Corsicana, Texas)

Navarro and Henderson Counties

Gif ford-Hill Company (Dallas, Texas)
Holsey Bros. (Crockett,. Texas)
Turkey Creek Gravel Company (Malakoff, Texas)
Cope Gravel Company (Trinidad, Texas)

Houston County

Gifford-Hill, Holsey Brothers

1This list does not include every operator.
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Producers

TABLE E

TRINITY. RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT.

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND .STONE STUDY

of Stone in Dallas-Fort Worth Region, 1966
7 , 1

Bridgeport Chico

Gifford-Hill Company
Wesco-Wamix
Trinity Concrete Products
Texas Industries
Crushers Incorporated

Parker County

Tex-O-Line
Industrial Concrete

Palo Pinto County

Palo Pinto Stone Company

Johnson County

Round Rock Lime Company (low-quality stone)

Texas Highway Department and Independent Operators
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TABLE F

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

Producers of Stone and Shell in Houston-Galveston Reg on, 1966

Houston-Galveston (shell for cement and aggregate)

Parker Brothers
W. D. Haden
Horton and Horton
Independent Operators

Orange, Texas (shell for cement)

Alpha Portland Cement

San Antonio (stone for cement)

Alamo Cement
Longhorn Cement
Capital Cement

Waco (stone for cement)

Universal Atlas

New Braunfels (stone; aggregate, rip-rap, etc.)

Servtex Corporation

San Antonio (stone; aggregate, rip-rap, etc.)

McDonough Brothers

Georgetown-Burnet (stone; aggregate, rip-rap, etc.)

Texas Construction Materials
Texas Crushed Stone Company
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TABLE G

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

Manufacturers of Cement in Houston-Galveston Region 1966

Houston-Galveston

Trinity Portland Cement
Lone Star Cement
Ideal Cement Company
Gulf Coast Portland Cement
Alpha Portland Cement (Orange,Texas)

Waco

Universal Atlas Cement

San Antonio

Alamo Cement
Longhorn Cement
Capital Cement
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TABLE H

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF .NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY

Producers of Stone Between Dallas-Houston Regions. 19661

Kaufman County

Joe Davidson (Terrell, Texas)
Buckner Contractors (Cleburne, Texas)
Wesco Materials (Dallas, Texas)
R. W. McKinney (Nacogdoches, Texas)
Billy McKnight (Commerce, Texas)
R. N. Adams (Kaufman, Texas)
E. W. Able (Corsicana, Texas)
Fred Hall and Sons (Waco, Texas)
M. C. Winters, Inc. (Johnson City, Texas)

Ellis County

E. W. Able & Sons (Corsicana, Texas)
Three Brothers Equipment Corp. (San Antonio, Texas)
Hustin Construction Co. (Dallas, Texas)
Downing Bros. (Waco, Texas)

Rockwall County ,

R. N. Adams Construction Co. (Kaufman, Texas)
M. C. Winters, Inc. (Johnson City, Texas)

Navarro and Henderson Counties

D. P. Frost Construction Company (Wortham, Texas)
East Texas Stone Company (Corsicana, Texas)

Freestone County

East Texas Stone Company

1This list does not include every operator..
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PERSONAL COMMUNICATION, 1967

Alexander, Malcolm, Centex Cement Corporation, Corpus Christi,
Texas.

Barrington, S. M., Public Relations, Sam Houston Electric
Cooperative, Inc., Livingston, Texas.

Blakeman, Jim., Gen. Mgr., Industrial Concrete Company,
.Fort Worth, Texas.

Cabaniss, L. D., Dist. Engr., Dist. 1, Texas Highway Department
Paris, Texas.

Cannon, Cecil, Treasurer, Trinity Concrete Products, Dallas, Texas.

Chapline, Lee P., Mgr., Athens Chamber of Commerce, Athens, Texas.

Cook, Glenn J., Mgr. Houston County Development Foundation,
Crockett, Texas.

Crook. R. W., Dist. Engr., Dist. 2, Texas Highway Department,
Fort Worth, Texas.

DeBerry, B. L., Dist. Engr., Dist. 18, Texas Highway Deaprtment,
Dallas, -Texas.

Eastman, A. W., Materials & Test. Engr., Texas Highway Department,
Austin, Texas.

Feray, Dan E., Goescience Professor, Texas Technological College,
Lubbock, Texas.

Gresham, Jim, Universal Atlas Corporation, Waco, Texas

Hable, R. E., President, East Texas Stone Company, Corsicana, Texas.

Hamilton, Lamar W., Palestine, Texas.

Harlan, H. V., Jr., Dist. Design Engr., Dist. 11, Texas Highway

Department, Lufkin, Texas.

Harston, R. B., Jr., President, Harston Brothers Gravel Company,

Inc., Fort Worth, Texas.

Herrington, Harry, Palestine Ready Mix Comzrete Company,
Palestine, Texas.
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Hopper, D. C., President, Palo Pinto Stone Company, Dallas, Texas.

Horton, George; Hedges; and Bowers, Jack, Horton & Horton, Houston

Texas.

Jones, Gordon, Executive Vice President, Texas Construction Materials,

Houston, Texas.

Keller, Johns G., Dist. Engr., Dist. 20, Texas Highway Department,

Beaumont, Texas.

Koerner, Paul, McDonough Bros., San Antonio, Texas.

Long, Robert E., Supvr. Lab. Engr., Dist. 17, Texas Highway Department,

Bryan, Texas.

McKay, Jack, Mgr., Ennis Chamber of Commerce, Ennis, Texas.

Mooney, D. F., Vice President, Tex-O-Line Company, Weatherford,

Texas.

Mowlam, William V., Registered Civil Engineer and Public Surveyor,

(and Butler, Joe E.), 307 State National Bank Building

Corsicana, Texas.

Munson, George P., Jr., Asst. Dist. Engr., Dist. 12, Texas Highway

Department, Houston, Texas.

Nash, Edward, President, Farmers & Merchants National Bank,

Kaufman, Texas.

Netzeband, F. F., Mining Engineer, Bureau of Mines, Rm. 1908,

Federal Building, Dallas, Texas.

Northcutt, Norris, Geologist, Wesco-Wamix, Inc., Dallas, Texas.

Parker, C. T., President, Parker Brothers, Houston, Texas.

Pickens, W. W., President, Wesco Materials Corporation, Dallas, Texas.

Postle, D. F., Vice President, Superior Sand and Gravel, Inc.,

Bellaire, Texas.

Potter, W. W., Dist. Engr., Dist. 10, Texas Highway Department,

Tyler, Texas.

Rheinlaender, J. G., Servtex Corporation, New Braunfels, Texas.

Speer, Joe, Traffic Mgr., Thorstenbeg Materials Company, Houston,

Texas.
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Stanley, Roy, Mgr. Expl. Dept., Gifford-Hill Company, Dallas, Texas.

Strating, Carl, Plant Mgr., Capital Cement Company, San Antonio, Texas.

Turner, Maurice E., Executive Vice President, Chamber of Commerce,
Walker County, Huntsville, Texas.

Van Amburgh, John H., Executive Vice President, Crushers, Inc.,
Dallas, Texas.

Voight, Gaines, Vice President, Longhorn Cement Company,
San Antonio, Texas.

Wakefield, Julian, County Commissioner, Leon County, Centerville,
Texas.

Willson, Cedric, Vice President of Engr., Texas -Industries,
Arlington, Texas.
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House Document No. 276, 5 vols.
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Publications of the Bureau of Economic Geology: The following
publications were reviewed.

Geological Circular 65-2. Texas Mineral Resources: Problems
and Predictions, Peter T. Flawn.

Bulletin 62. Road Materials of Texas, Jas. P. Nash.

Bulletin 1758. Geological Conditions near Bridgeport and
Chico, Wise County, Emil Bose.

Bulletin 1818. The Geology of Dallas County, E. W. Shuler.

Bulletin 1869. The Geology of East Texas, E. T. Dumble.

Bulletin 1931. The Geology of Tarrant County, W. M. Winton
and W. S. Adkins.

Bulletin 2229. The Geology of Johnson County, W. M. Winton
and Gayle Scott.

Bulletin 2544. The Geology of Denton County, W. M. Winton.

Bulletin 2710. The Geology of Cooke County, Texas, H. P.
Bybee and F. M. Bullard. Petroleum Developments in
Cooke County, E. M. Hawtof.

Bulletin 3224. The Geology of Wise County, Texas,Gayle
Scott and J. M. Armstrong.

Publication 3818. The Geology of Leon County, Texas, H. B.
Stenzel.

Publication 4246. Building Stones of Central Texas, V. E.
Barnes, R. F. Dawson, and G. A. Parkinson.

Publication 4824. Geological Resources of the Trinity River
Tributary Area in Oklahoma and Texas, H. B. Stenzel, A. E.
Weissenborn, and others.

Publication 5724. Geology of Parker County, Texas, Leo
Hendricks.

Publication 5905. Symposium on Edwards Limestone in Central
Texas, in Part.
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Mineral Resource Series:

No. 9. Glass Sands in Leon County, Texas, H. B. Stenzel.

No. 29. Index to Mineral Resources of Texas by Counties,
E. H. Sellars and G. L. Evans.

No. 7. Report on Road Metals Investigation as a Part

of a Mineral Resource Survey in Limestone County,
Texas, I. J. Broman.

No. 10. Report on the Building Stone Deposits in Burnet
County, Texas, V. E. Barnes.

No. 21. Preliminary Report on the Mineral Resources of
Freestone County, Texas, Bruce Whitcomb.

No. 23. Report on the Mineral Resources of Leon County,
Texas, Davis Crow.

No. 24. Report on the Gravel Resources of Henderson
County, Texas, G. L. Evans.

No. 25. Report on the Mineral Resources of Houston County,
Texas, Horrace Harrington.

No. 44. Report on Fluxing Limestone at Palestine Salt Dome,
Anderson County, Texas, J. H. McCammon.

Thess bibliographies of SMU, TCU, University of Texas, Baylor
University, and University of Houston.
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I"' TEXAS INDUSTRIES, INC.
P.O. BOX 400 e ARLIN(TOV. TXAS 7011 " DALLAS 7' 4111 * PORT WORTH OL 1.6311

April 26, 1965

Statement Made by Cedric Willson at Washington Meeting Concerning

Trinity River Canal Project. April 22, 1965.

I am Cedric Willson of Dallas, Vice-President of Engineering

for Texas Industries, Inc. I have been in the portland cement and

concrete business for over 35 years, 25 of which have been in Texas.

This time has been about equally divided between the Gulf Coast and

North Central Texas. Texas Industries, Inc. is engaged in every

phase of the concrete business. We have very substantial operations

in the Dallas-Fort Worth area, as well as a number of other large

cities in Texas, Louisiana and five other states farther inland.

We produce, use, sell and purchase a large volume of sand, gravel

and crushed stone. The availability of these aggregates in specification

quality at a low cost is of major importance to the concrete industry and

the enire construction business.

'-The practical sand and gravel man, whether he be producer, pur-

chaser, or perhaps both, is primarily interested in the cost of Specifi-

cation aggregates delivered at the point of use... the concrete batching

plant or job site. He is not concerned with the transportation cost per se,
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but rather the combined cost of production and transportation which are

of equal importance to him since together they determine the delivered

selling price. Sand and gravel are probably the only commodities whose

production cost as well as transporation will be influenced by construction

of the canal, and failure to take this into account is completely unrealistic.

We produce sand and gravel in both dry-land plants and by pumping

with shallow water dredge equipment. Construction of the canal would

make possible hydraulic production operations for a minimum of 75% of

the sand and gravel in the flood plain of the river at a savings of approxi-

mately one-half over a dry-land plant. Our records indicate this would

amount to about 35 cents per ton, a savings which must be credited to the

canal if a true picture is to be developed.

The cost of transporting up-bound sand and gravel into the Dallas-

Fort Worth area is not complete from the standpoint of producer or pur-

chaser until all transportation costs involved in delivering these aggregates

to the point of use have been considered. In a majority of cases he cannot

stop with the delivery of a barge to the dock or rail car to the svitching

yards or a team track. It must be realized the only meaningful fi-ille to

him is the total delivery cost of these heavy low-value materials to the

concrete plant or job site.

I have estimated the up-bound towing charge at 7 mile per ton mile

which takes into account delays in moving through 'ocks. The pot ible
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delivery combinations and average estimated cost of each bassce on an

80 mile haul by barge, rail or truck into Dallas or Tarrant Counties are:

Basic Costs Used For Estimating

Motor truck 80 miles at 2. 75$ per ton mile 220 cents
Barge tow 80 miles at 0, 700 per ton mile 56 cents
Rail 80 miles (single line) 123 cents
Unload barge to truck 15 cents
Unload rail car to truck . 10- cents
Average truck haul to

plant or job from dock
or track , 10 miles at 3. 000 per ton mile 30 cents

Savings,

Basic Delivery, Cents Per Ton For'
Cents Per Ton By: Barge Movement Over:

Point of Use Is: Truck Rail Barge Truck Rail

off water - off rail 220 163 101 119 62

off water - on rail 220 123 101 i19 22

on water - off rail 220 163 .71 149 92

on water - on rail 220 123 71 149 52

Based on their locations and the facilities at existing batching plants, to-

gether with projections of major concrete marketing areas, I estimate

average savings in transportation to the point of use for the 80 mile move-

ment to be 65 cents per ton. In order co determine tLe true savings in

delivered cost at points of use which properly should be credited to the

canal, the savings in production cost of 35 cents per ton due to a hydraulic,

rather than a land operation must be added to the transportation savings.

Most of the sand-gravel within the flood plain: of the Trinity south of Dallas

can be produced b; the hydraulic operation.
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The Corps qf Engineers traffic study for thc canal indicated no further

down-bound mQvement of sand and gravel after approximately 71, 000, 000

tons had moved into the Houston-Galveston area through 1988, 30 years

after the base year of 1958. Since their construction index showed an in-

creasingly greater potential market each year through the end of the study

in 2070, we must conclude this 71 million tons was their estimate of the

total reserves between Liberty and CM 91, the most northerly point shown

for the down-bound movement.

Our investigations show this to be a most conservative figure and that

the sand-gravel reserves below CM 91 exceed 200, 000, 000 tons. Further,

between CM 125 and CM 91 there is a virtual unlimited supply, specifically

in excess of one billion tons within the flood plain; of the river.

A reasonable estimate of the down-bound towing cost from CM 125 to

Houston is 5 mils per ton mile since there would be very little lockage

delay. The 160 mile tow would cost 80 cents per ton-me and the delivered

cost should reflect the difference in production cost of a hydraulic operation

as compared to a plant on !and which I have estimated to be a savings of

35 cents per tQn.

The constriIction of the canal will assure both the Dallas-Fort Worth

and Houston-Galveston areas a long-time future supply of lower cost, high

quality concrete aggregates. Low cost concrete has great influence on

low cost construction which is so important in the continued industrial and

commercial growth of both areas.

Cedric Willson
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STATEMENT BY: Mr. Roy Stanley

Gi fford-Hil 1Company

February 3. 1967

Brig. General William T. Bradley
Division Engineer, Southwest Division
U. S. Army Corp of Enginars
1114 Commerce Street:
Dallas, Texas 75202

Dear General:

Re: Canalizationof Trinity River in Texas

I am Roy Stanley, Manager Exploration and Testing Department of Gifford-Hill
b Company, Inc., having been with this Company for the past twenty (20) years,
with twenty (20) years prior to this with other companies operating sand and
gravel and crushed stone facilities on and near the Trinity River. I have
tested lands along the Trinity River from Fort Worth to approximately seven
(7) miles South of the City of Liberty, Texas.

It is my responsibility to test and evaluate sand, gravel, stone deposits for
acquisition by Gifford-Hill & Co., inc.

We produce, use, sell or otherwise dispose of sand, gravel, crushed stone to
the construction industry and are at the present time operating production
facilities in Texas, Arkansas and Louisiana, producing washed, screened,
crushed and prepared to specifications aggregates for the industry.

It is also my responsibility to locate and acquire at the most available and.
economical source materials for the market. In this scope we are familiar
with freight rates by rail, trucks, and water.

It is my opinion that a canal. along the Trinity River Basin would be the most
economical method of transportation for the deposits of aggregates undeveloped
along its course. I say this because rail facilities are not available at
reasonable distances from these deposits. The St. Loui s-Southwes tern Railroad
Crossing the Trinity at Trinidad, Texas; The Missouri-Pacific Crossing at Long
Lake, Texas, and Trinity, Texas; Southern Pacific at Urbana, Texas; The G. C.
& S. F. Railroad near Rye, Texas; and Liberty, Texas, and many of the better
sources of these materials are located between these crossing points. In the
event the Trinity River is canalized, all the transportation problems to the
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sand and gravel industry would be solved and the Federal, State, and local
government, in addition to the general population, would be greatly benefited
through the transportation savings thereby effected by such barge transporta-
tion. Sand and gravel is now being moved into Houston from a distance of 80
miles at a freight rate of $1.23 per ton. This same materials could be moved
from the Trinity River Basin from a distance of 168 miles ct-the same cost.
Estimating, we would say that in the 168 miles from Houston, North, aggregate
would be had for transportation to Houston in excess of three (3) billion tons,
with a like amount moving North to the Dallas, Fort Worth market. We base
these figures on testing we have done along the Trinity River from Dallas South
to approximately-five (5) miles South of Liberty, Texas.

We know that practically all Trinity River deposits between Dallas and Fort
Worth have or will be exhausted within the next five years; therefore, the
major portion of the construction materials will move up river from South of
Dallas, Texas to the Dallas-Fort Worth area. We of the industry are well aware
that sand and gravel deposits lying south of Dallas along the Trinity River
will eventually move to the Dallas-Fort Worth metropolitan area regardless of
whether or not the canal is built. However, with the canal we have estimated
below the savings that would be effected by such a waterway. In estimating the
savings by water barge transportation over other methods, we give you the
following for comparison:

Motor Truck 100 mi. - @ 30 per ton mile 300 cents
Barge tow water 100 mi. - @ 5 mills per ton mile 50 cents
Rail 100 mi. - @ published rate 138 cents

Actual transportation savings by different carriers over water barge cost -

Motor Truck 100 miles 300 cents
Water (barge) 100 miles .30 cents,

Savings to Consumer - 250 cents

Rail 100 miles published rate 138 cents
Water (barge) 100 miles 50 cents

Savings to Consumer 88 cents
This will give you the estimated savings to the consumer, which amount in
dollars based on 1/2 the tonnage estimated moveable on a barge canal to Houston,
in excess of.$1,200,000,000 and a like savings for materials moving to Dallas
and Fort Worth. This sounds unrealistic, but with a savings of 88 cents per
ton on a 100 mile haul - is very realistic. -.

I should mention also that lakes to be built along the waterway will
Inundate a portion of sand and gravel deposits that occur.along the Trinity
watershed and that the Corp of Engineers should allow dredging to be done along
the edges of such lakes to remove sand and gravel therefrom.

I mention this because sand and gravel is not now or doubtful if materials will
be deposited again along this stream. All deposits of sand and gravel in Texas
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and Louisiana are alluvial in nature and such deposits when depleted or made
inaccessible to producers by building lakes, takes away forever the materials
needed for the construction industry and will not be replaced without a catas-
trophe or the same conditions that caused the original deposits again occurs.

Therefore, the construction and maintenance of the Trinity.River Canal will
serve the Southwest and South Central Texas for generations to come and will
make construction aggregates available, which is essential to growth economy
of our major cities and effect great savings to our population.

Yours very truly,

Roy Sta k>,
Land Exploration Department
GIFFORD-1iL. & COMPANY, INC.

RS:nch
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TRINITY RIVER AND TRIBUTARIES, TEXAS NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE SUPPLEMENTAL STUDY

SCOPE OF WORK

The original work to be accomplished under con-

tract DACW-64-67-C-0067 is outlined in Exhibit II, pp.

i-ii. Additional work proposed under the same con-

tract is as follows:

(A) Guadalupe River Sand and Gravel Reserves.

To the extent practicable and without field surveys or

soil explorations, obtain and furnish information on the

location of sand and gravel deposits in the Guadalupe

River basin from approximately 10 miles south of Vic-

toria, Texas, upstream to the vicinity of Hochheim,

Texas. The information shall cover deposits suitable

for mining commercially under present market prices,

shall include estimates of quantities in the deposits,

and an assessment of quality of materials in the depos-

its related to use for concrete aggregate, road sub-

base materials, etc.

(2) Supply Sources of Houston-Galveston

Regional market Without Trinity Waterway. Based on the

previously developed information and the additional in-

formation to be developed for the Guadalupe River re-
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serves, forecast the probable supply pattern of the

Houston-Galveston market through the year 2035, as-

suming the Trinity Waterway is not constructed. This

forecast should take into account the known deposits

on the Colorado River above Columbus, the Trinity River

deposits above Cleveland, and the market demands of the

Victoria, Corpus Christi, and Rio Grande areas with

respect to the Guadalupe River deposits. In this

analysis, the influence of barge transportation from

the Victoria area via the Guadalupe River, channel to

Victoria, and the Gulf Intracoastal Waterway to Galves-

ton-Houston, Corpus Christi, and the Rio Grande area

should be taken into account. In the event there are

no appreciable supply sources on the Colorado River

above La Grange, possible additional sources on the

Brazos River or on the Guadalupe River above Hochheim

should be investigated.

(C) Role of Seapoville and Other Nearby Sand

Deposits in Future Sand Market of Dallas-Fort Worth

Area. Information should be developed to determine the

future market role that the remaining sand will have in

supply to the Dallas-Fort Worth market. This determina-

tion should be made separately under the assumption

that the Trinity Waterway will be constructed by 1985

and under the assumption that the waterway will not be
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constructed. If it is found under either or both

assumptions that the Seagoville sand will not supply

the sand market, the pattern of supply through the

year 2035 should be identified and the reasons for

non-use of the Seagoville sand should be set forth.

If it is found that both sand and gravel- would move

by barge from the same Trinity River deposits with the

waterway constructed, the ratio of sand-to-gravel move-

ment should be estimated and discussed.

(D) Chico-Bridgeport Manufactured Aqqreqate.

Information should be developed to demonstrate what per-'

centage the Chico-Bridgeport crushed aggregate, in the

absence of the Trinity Waterway, would capture in the

future aggregate market of the Dallas-Fort Worth area,

when present supply sources of natural aggregates are

depleted.

(E) Use of Crushed Aqgregates vs Natural Aq-

gregates Related to Product Needs. Information should

be developed to indicate the factors influencing the

choice of natural or crushed aggregates in their vari-

ous uses, and, assuming price equality, identification

of specific uses that could best be served by both types

of aggregates.

(F) Crushed Stone vs Natural Aqqregates Related

to Cost of Production and to market Prices of Finished
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Products. (1) Information should be developed on the fac-

tors entering into the costs of production of both crushed

stone and natural aggregates to the point that a meaning-

ful comparison can be made. (2) Information should also

be developed on the factors entering into the prices of

concrete, the primary product of the companies, and (3)

relationship between the various factors influencing these

prices, including cost of production, cost of transporta-

tion, profit considerations, competitive relationships,

and others.
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TRINITY RIVER AND TRIBUTARIES, TEXAS NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE SUPPLEMENTAL STUDY
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INTRODUCTION

This report constitutes a supplement to the original

sand, gravel, and stone study prepared in 1967. Additional

information was developed to revise the reserve estimates

for the Victoria area, and for the area between La Grange

and Columbus, and north of La Grange.

The study includes a discussion of the 1967 produc-

tion, market patterns, and the reserve estimate for sand

and gravel along the Gulf Coast from Victoria to Browns-

ville.

More definitive data are presented on sand reserves

and supply patterns for the Dallas-Fort Worth area, and on

the economics of the sand, gravel, and stone market.

The supplemental report was initiated and completed

in March and April of 1968.
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RESERVES OF SAND AND GRAVEL ALONG GUADALUPE RIVER

FROM BLOOMINGTON TO HOCHHEIM, TEXAS

Contract requirements include the area from about

10 miles south of Victoria (Bloomington) to Hochheim,

Texas. For purposes of discussion the Guadalupe de-

posits are divided into three geographic areas. The

areas are from Bloomington to Victoria, Victoria to

Cuero, and from Cuero to Hochheim (See Fig. 1).

Bloomington to Victoria (South)

Commercial deposits of sand and gravel are sit-

uated along the Guadalupe River from Victoria to the

north side of the Victoria channel harbor. There is

one major producer that entered into production in 1968

on the north side of the channel harbor which is loca-

ted about five miles south of Victoria. Another major

producer is expected to be operating near the harbor

before the end of 1968.

The deposits south of Victoria and around the

city of Victoria yield sand and gravel in ratios vary-

ing from 30O, gravel-70% sand to 70% gravel-30% sand.

Deposits with the high gravel-sand ratios are found

around Victoria. South of the Victoria harbor toward

Bloomington the deposits have high sand percentages

and will not be worked. Based on previous production

history and exploratory work of several operators, the
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deposits south of Victoria to the channel harbor are

expected to yield up to 40,000 tons of recoverable and

salable aggregates per acre. The workable deposits in

the area between the channel harbor and Victoria have

an average 16' of overburden and 20' of sand-gravel.

Total quantity of reserves that are economically pro-

ducible under present-day market prices are concealed

in the reserve figures presented under the following

Victoria-Cuero discussion. Concrete-quality sand and

gravel in all size grades are produced from the Guada-

lupe deposits.

Victoria (North) to Cuero

There are two major producers in the area imme-

diately north of Victoria (Fig. 1). One of the pro-

ducers is expected to move operations south of Vic-

toria in 1968 in order to take advantage of barge

transportation.

The commercially worked deposits north of Vic-

toria yield sand and gravel up to ratios of 70% gravel-

3019 sand. This high gravel-sand ratio north of Victo-

ria is consistent for the area within a 4-mile radius.

The working deposits north of Victoria yield an average

34,000 tons/acre. Overburden averages about 12' in

thickness, an' thr' sand and gravel averages about 16'.
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The following estimate of reserves, economical-

ly producible under present market prices, includes the

reserve estimate for the Bloomington-Victoria (South)

area, and only those reserves within near proximity to

the north of Victoria. The accountable reserves are

estimated at 125,000,000 tons.

Beyond the present producing localities and the

associated reserve deposits, a large quantity of commer-

cial sand and gravel occurs as far north as Cuero.

These deposits are not economical to market outside the

Victoria area under present conditions due to competi-

tive transportation of closer deposits via the Victoria

channel and Intracoastal Waterway. These deposits are

also not produced locally because of the Victoria pro-

duction.

The location and tonnage of reserves in detail

between Victoria and Cuero are admittedly known by one

company. This information was received in confidence

by the consultant. The reserves are accounted for in

the projected supply pattern for the Houston-Galveston

Region. Concrete-quality sand and gravel in all size

grades are available in this zone.

Cuero to Hochheim

There are no major producers with experience in

this area. Some small operators have produced only for
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local consumption and, therefore, widespread detailed data

are not known. According to Texas Highway Department enoi-

neers at Victoria and Yoakum, the deposits are generally

of low quality and in short supply for major production.

Pit-run material has been used for base and sub-base mate-

rials. As far as could be determined, reserves are minimal

for this area in comparison to the region south of Cuero.

Conclusion

Reserves of concrete-quality sand and gravel known

around Victoria and south to the harbor are estimated at

125,000,000 tons. Considering only present demands for sand

and gravel aggregates for the Victoria, Corpus Christi, and

Rio Grande Valley markets (See next section to follow), pro-

duction could be sustained for well over 75 years from depos-

its in the Victoria vicinity. This life expectancy figure

does not include the deposits between Victoria and Cuero that

are outside the Victoria "production-reserve" locations.

Demands will be imposed upon Victoria reserves for

the Houston-Galveston market in 1968 and beyond. Therefore,

the life expectancy of the deposits will be greatly shortened

(See section entitled, Future Supply Pattern of Sand and Gravel

for Houston-Galveston Market to Year 2035, Without Trinity River

Waterway).
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SAND AND GRAVEL PRODUCTION IN VICTORIA, CORPUS CHRISTI,

AND RIO GRANDE VALLEY REGION

Location, Quantity, Quality of Sand and Gravel

Sources of specification-quality sand and gravel

are located (1) near Victoria, (2) alongthe Nueces River

northwest of Corpus Christi, and (3) in the Rio Grande Val-

ley (See Fig. 1). The locations identified represent the

source for about 9 8' of the sand and gravel production for

the region.

The quantity of sand and gravel aggregates produced

in 1967 in the region totaled 2,325,300 tons (Table 1). Vic-

toria production averaged 3 0,- 4 0 4' sand and 60- 70, gravel,

and Nueces production averaged 20'"' gravel and 80"' sand.

The 1967 production for the Rio Grande Valley averaged 80K

gravel and 20'1 sand. The Victoria deposits may be consid-

ered as a major source for gravel and sand, the Nueces de-

posits as a main source for sand, and the Valley deposits

are essentially gravel.

All size grades of gravel are produced at the Vic-

toria and N'ueces locations, with the greatest percentae

of gravel being produced at Victoria. The Rio Grande Val-

ley is quantitatively deficient in sand, and produces all

size-grades of gravel. Concrete-quality aggregates are pro-

duced in all three areas.
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TABLE 1

TRINITY RIVER AND TRIBUTARIES, TEXAS NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE SUPPLEMENTAL STUDY

Sand-Gravel Production for Victoria,

Corpus Christi, and Rio Grande Valley Region, 19671

Location Material Quantity
(short tons)

Victoria, gravel, sand
Nueces River3  sand, gravel 1,573,300

Rio Grande Valley gravel, sand 752,000
TOTAL 2,325,300

1 List of producers in Appendix, Table B.

2 See Figure 1 for locations.

3 Areas combined to protect confidential information.
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Market Demand and Supply Pattern, 1967

The market demand for sand and gravel approximated

2,325,300 tons during 1967 for the area under considera-

tion (Table 1).

The Victoria market (50 mile radius) and areas to

the east consumed 596,300 tons of sand and gravel in the

ratio of 60 gravel and 40% sand. The Corpus Christi area

consumed* 1,017,000 tons of sand and travel in a ratio of

about 60V gravel and 40% sand. The Rio Grande Valley mar-

ket from Laredo to Brownsville consumed 712,000 tons of

sand and gravel in a ratio of 60% gravel and 404 sand.

Major movements of sand and gravel in the Victoria

market (50 mile radius) were by truck, and a small volume

was moved by rail to the area east of the Victoria market

(Fig. 2). Future movements will occur in large volume by

barge to the Houston-Galveston region during and after

1968. Sand and gravel were moved by rail (40%) and truck

(601) from Victoria to the Corpus Christi area. The ratio

of sand-to-gravel movement to Corpus Christi was about 15

sand ano 859 gravel. The gravel was used w-ith sand from

the Nueces deposits. The total tonnage is not given in

order to protect confidential data, however, the quantity

(and shell also) is considered in the report when evaluat-

ing the probable supply pattern for the Houston-Galveston

Region.

*Approximately 725,000 tons of shell
were also produced for aggregates.
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Sand was shipped principally via rail to the Rio

Grande Valley from the Nueces deposits. The sand require-

ment satisfied the use with gravel produced in the Valley.

Gravel was moved via rail and truck from Realitos (Fig. 2)

to the Corpus Christi market to be used with sand from the

Nueces deposits.

Reserves of Sand and Gravel

Reserves of sand on the Nueces River are estimated

at 30-35 million tons from the present localities to the

dam at Mathis. From Mathis to Three Rivers, another 20-25

million tons are available (Fig. 2). There are no deposits

of value known above Three Rivers. Future leased reserves

in the area are in short supply. If the total estimated

reserves are produced, the supply.will be depleted by

1985 to 1990.

Reserves of gravel in the Rio Grande Valley are

sufficient to last well beyond the year 2035. None of the

Valley deposits will be marketed east of Corpus Christi in

the foreseeable future.
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PROBABLE SUPPLY PATTERN OF HOUSTON-GALVESTON

SAND AND GRAVEL MARKET THROUGH THE YEAR 2035

A review of present sand and gravel reserves, pro-

duction, and supply pattern in the region is presented as

a background to developing the future supply pattern. A

portion of the information to follow was developed in the

1967 Trinity River Waterway Sand, Gravel, and Stone Study.

Reserves East of Houston: San Jacinto and Trinity Rivers

Production east of Houston is essentially sand.

The San Jacinto sand is fine and is used in concrete as

an admixture with the sand and gravel shipped from west

of Houston, and is mixed with Gulf Coast shell for road-

base material. The Trinity River sand and gravel are used

in concrete and for road-base material.

Based upon the sand production in 1966 and informa-

tion on reserves obtained from the producers, 15-to 30-years

of reserves are estimated to be in present producing locali-

ties (Exhibit 2, p. 298, par. 39).

Additional sand reserves are known along the Trinity

River (Exhibit 2, Fig. 3, P. 296), but at present are non-

competitive with transportation and production costs in pro-

ducing areas. According to three companies, sufficient sand

reserves are located in the producing areas and to the north

of Cleveland to supply the demand to the year 2035.
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Colorado River Reserves

For purposes of discussion.the Colorado River re-

serves are divided into three geographic areas. These areas

are Columbus-Altair-Eagle Lake, Columbus to La Grange, and

North of La Grange. Producing localities along the Colorado

River were grouped under the title Columbus-Altair-Eagle

Lake and La Grange in the original study.

Columbus-Altair-Eagle Lake. All the present pro-

ducing localities near Columbus and south of Altair-Eagle

Lake are included in this area. Sand and gravel occurs

south to Garwood (Fig. 1) but beyond, the overburden be-

comes a problem in mining costs.

The reserves located in the Altair-Eagle Lake area

and at Columbus are estimated to last for 25- to 30-years

of production. This includes the foreseeable demands

anticipated by the producers. Production in 1966 was esti-

mated at 7,300,000 tons, which included La Grange.

Columbus to La Grange. Substantial reserves are

known north of Columbus but the future availability of the

deposits depends upon the pending Lower Colorado River

Authority dam above Columbus. Substantial reserves are al-

so known around La Grange. It is estimated that another 20

years of production beyond the 25- to 30-years predicted for

the Columbus-Altair-Eagle Lake area could be sustained in

the Columbus to La Grange region. Production is not possible

now beyond the producing localities north of Columbus and at
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La Grange. The reason is due to deposits closer to rail

transportation. The materials will be produced at some

future date if transportation facilities are available.

The 1966 production at La Grange is concealed in the

Columbus total.

North of La Grange. There are no. major producers

operating north of the La Grange vicinity due to lack of

competitive transportation facilities. The only informa-

tion that could be developed on reserves is that large de-

posits are available to the north but the tonnages are un-

known.

Victoria Reserves

Reserves are estimated at 125,000,000 tons at Vic-

toria and south to the channel harbor (See section entitled,

Reserves of Sand and Gravel along Guadalupe River). Large

volumes of reserves are known north of the sand-gravel pro-

duction around Victoria and up to Cuero. The tonnage of

these reserve are concealed, and they are considered impor-

tant to the total supply from this area.

Supply Pattern of Sand and Gravel for Houston-Galveston Mar-

ket, 1966

The Houston-Galveston market used 10,510,000 tons of

sand and gravel in 1966. Approximately 70% was moved west-

to-east from Columbus-Altair-Eagle Lake to Houston and points

beyond.

The other 301 was produced around Houston and areas to
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the east. A large percentage of this was used north and

east of Houston.

There has been no large quantity of gravel and sand

from Victoria marketed to the east of the Victoria market

(50 mile radius) prior to 1968. In 1968, the Victoria de-

posits will supply gravel and sand to the Houston-Galveston

market via the Victoria channel and Intracoastal Waterway.

Future Supply Pattern of Sand and Gravel for Houston-

Galveston market to Year 2035, Without Trinity River

Waterway

The following factors and contingencies must be

considered in developing the supply pattern through 2035.

(1) Demands on the Victoria deposits to supply

a market in the vicinity, and in the Cor-

pus Christi area.

(2) Reserves around Victoria (125,000,000 tons).

(3) Reserves between Victoria and Cuero (Con-

cealed).

(4) Reservesnn Nueces River (50-60 million tons),

and in the Rio Grande Valley Region (available

beyond 2035).

(5) Reserves in the Columbus-Altair-Eagle Lake

area (L275,000,000 tons, including produc-

tion location at La Grange).

(6) Reserves between Columbus and La Grange (20

year supply).
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(7) Substantial reserves north of La Grange.

(8) Reserves of sand east of Houston (available

through year 2035).

(9) Shell production for aggregates (4.5 million

tons/year, Galveston-Houston-Corpus Christi

area).

(10) Possible stone supplies from New Braunfels

area (reserves beyond 2035).

Total reserves accounted for between the Victoria

channel harbor and Cuero, and from Altair-Eagle Lake area

to La Grange are estimated at 700,000,000 tons. This

includes the known reserves that have been delineated plus

the concealed reserves. This figure is minimal because it

does not consider the undetermined quantity of reserves

north of La Grange.

Additional reserves in the form of stone in the New

Braunfels Region are available to supplement and/or re-

place these quality gravel deposits. Considering the stone

reserves plus the gravel, sand, and shell reserves, it is

established 'that coarse aggregate will be available to the

Gulf Coast market through the year 2035. Should shell be

depleted or restrictions imposed, the stone deposits would

assure a supply of aggregates through the year 2035.
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In considering only the gravel and. sand deposits,

if stone were not used, reserves are not sufficient to

supply the Houston-Galveston and Victoria-Corpus Christi

sand and gravel market through the year 203 without ooing

outside the localities delineated in this study alono the

Colorado and Guadalupe Rivers. The total area delineated in

the report will be depleted, without the use of stone,

around 2000 to 200c. Due to increasing transportation costs,

stone will acquire a portion of the gravel market.

Since Victoria and Columbus-Altair-Eagle Lake will

be the major sources for coarse aggregate production in the

future, the life expectancy of these two areas are depend-

ent upon one another. As indicated previously, producers

in the Columbus-Altair-Eagle Lake area claim sufficient re-

serves for 25 to 30 years of supply. Considering the addi-

tional reserves north of Columbus and at La Grange, and

future supply from Victoria, the predicted 2r- to 30-year

production is completely plausible. The oercentaoe of the

market that Columbus will maintain will depend upon increas-

ino costs that will occur in hauling materials that are farther

away from debarkation poir ts to Houston. Victoria will be
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competitive in the Gulf Coast concrete market during 1968

and for some time beyond. This would indicate that Colum-

bus-Altair-Eagle Lake will not capture a greater than present

ratio of the aggregate market (which is in supply-demand bal-

ance), but will decrease its percentage in the near future.

Considering the delineated reserves of L400,000,000

tons (excludes concealed reserves) in the 1968 producing

areas (La Grange, Columbus-Eagle Lake, Victoria), and demands

for aggregates from Corpus Christi to Beaumont-Port Arthur,

these areas are completely capable of supplying the market

beyond 1985.

Producers at Victoria expect to capture about 10% of

the sand-gravel market by 1970. Beyond 1970 to 1985, 10c to

30' of the market is allocated to Victoria. This is a very

conservative figure according to the Victoria producers, and

is optimistic according to the Colorado River producers.

Assuming the Victoria market captures 30 of the

Houston-Galveston market, and sustains the projected demands

for the Victoria and Corpus Christi markets, the production-

reserve locations around Victoria will be productive beyond

1985. With 30' of the future Houston-Galveston market, to

1985, allocated to the Victoria deposits, Columbus-Altair-

Eagle Lake, La Grange will also be productive beyond 1985.

At this point in time, the Victoria vicinity and Columbus-

Altair-Eagle Lake, La Grange area should have at least
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150,000,000 tons remaining. The remaining 150,000,000 tons

of reserves for both areas should be depleted in the early

1990's. This still leaves reserves located between Cuero

and Victoria, part of the reserves between La Grange-Colum-

bus, and north of Columbus. Reserves between Columbus and

La Grange are so far removed from existing rail heads that

stone from the New Braunfels Region will capture some of

market in the 1980's.

As a basis for establishing the projections for

stone, a review of comparative transportation costs for

sand, gravel, and stone is considered. Sand and gravel are

shipped via rail from the Colorado River to Houston for

l.16 to $1.23 per ton. Shipments to Galveston and vicinity

are $1.60 per ton (Exhibit 2, p.316 ).

Stone is shipped via rail from New Braunfels,

Georgetown, and San Antonio to Houston for $1.77 to $2.06

per ton. Shipments to the Galveston vicinity cost $2.08

to 12.28 per ton (Exhibit 2, P-3143).

The transportation advantage for natural aggregates

is 610 to 83% per ton to Houston, and 170 to 680 per ton for

the Galveston vicinity. Some of the deposits between Colum-

bus and La Grange are 10-15 miles from the nearest railroads.

Deposits just north of La Grange are an average 5 miles from

the nearest rail facility. Short-haul trucking costs of

60/ton-mile would make stone competitive with many of the

sand and gravel deposits along the Colorado River.
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To summarize to this point in the discussion, it

is conceived that aggregates from the Cuadalupe and Colo-

rado river deposits are in sufficient supply and can be

competitively marketed into the 1990's. By this time,

crushed stone will have acquired a substantial portion

of the market. During the 1980's to the early 1990's,

the market will be divided between Victoria, Colorado

River, New Braunfels Region, and the Trinity River. Due

to increasing costs to market Colorado River gravel, the

Victoria area will undoubtedly capture a steadily increas-

ing percentage of the market up to 1985-1990. The maxi-

mum sustained percentage is limited by the reserves that

are readily accessible to the Victoria Channel.

Reserves of gravel and sand between Cuero and Vic-

toria will have to supply the Victoria market, Corpus

Christi market, and continue to substitute for the Nueces

sand that is expected to be depleted in the 1980's. If

the area supplies Houston-Galveston, it will have to coin-

pete by rail and/or truck-barge combinations.

The remaining Colorado River-deposits would have

to compete by truck and/or extended rail shipments to the

Houston-Galveston markets. The stone market would be sun-
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plied via rail. The Colorado and Guadalupe deposits, plus

stone deposits, would also substitute for shell if and when

it is depleted (1985-1990) (Exhibit 2, p.331, par. 147).

Looking collectively at the total delineated sand

and gravel reserves, the stone market will be very compet-

itive with the predicted reserves remaining beyond the

1990's. This could extend the life expectancy of sand-

gravel reserves. The predicted demand for aggregates will

be so great, however, that natural aggregates will not be

available to 2035. Without the stone, all sand and gravel

reserves enumerated would be depleted between 2000 and

2005. The next major source would be from north of La

Grange. The market pattern is so speculative during this

period that no distribution pattern is suggested. One must

conclude that stone will share a large part of the 2000-

2035 market due to ever increasing transportation costs for

natural ogregates.
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SOURCES OF SAND FOR FUTURE DALLAS-FORT WORTH MARKET

Seagoville Deposits

Previous study (Consultants Trinity River Waterway

Sand-Gravel-Stone Study, Exhibit 2) indicated that Trinity

River sand (and gravel) deposits west and north of Dallas

will be essentially depleted by 1971-1973 (p. 297, par. 31).

Additionally, prolific sand (and gravel) production at

Seagoville is expected to decline by 1985 (p. 297, par. 32).

No evidence in the previous study (Exhibit 2) or

in the survey made as a part of this supplemental study

has been developed to indicate that a "large" volume of

sand will remain after the available gravel has been de-

pleted. The maximum cumulative tonnage that will be stock-

piled in excess of the marketed gravel is estimated at 5

million tons.

In explanation, Trinity River aggregates average

15<1 to 301/ gravel (plus #4 sieve) with a maximum abundant

grade-size of 3/4-inch material. All Trinity River depos-

its consist of sand-and-gravel, however, the deposits are

predominantly sand.

A concrete market, as Dallas and Fort Worth, re-

quires about 60% coarse aggregate and 40% fine material

(minus #4 sieve). Large grade-sizes are required for con-

struction concrete (41 1/2-inch) and for paving (2 1/2-

inch). Therefore, the deposits cannot supply the necessary
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quantity of larger grade-sizes nor the necessary ratio of

sand-to-gravel. The coarse grade-size requirements and ad-

ditional volumes of coarse aggregate are supplied from Chico

and Palo Pinto crushed stone. The sand requirements are met

essentially from the Trinity River deposits. No "large" vol-

umes of excess sand are produced to obtain gravel, on the con-

trary, Trinity River deposits are produced for the sand and

gravel. This situation has not always existed but exists now

and will for the foreseeable future.

In conclusion, all marketable sand (and gravel) will

be produced at Seagoville with or without a waterway.

Because reserves at Seagoville and areas along the

Trinity River to the north cannot supply all future sand re-

quirements, other sources will be developed. Sand will be

moved from south-to-north, with or without a waterway, from

along the Trinity River south of Seagoville. Reserves are

known along the boundary of Ellis and Kaufman Counties (Exhib-

it 2, Fig. 3, p.296).

Brazos River Deposits

Sand (and gravel) will be moved from the Brazos to

the Fort Worth-Dallas market in increasing quantities within

the next few years. Brazos deposits average 40 '-601 sand.

By the time the Seagoville deposits are depleted, and without

a waterway, the Brazos is expected to capture up to 25 of the

total aggregate market.
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Supply Pattern of Sand for the Dallas-Fort Worth market

to Year 2035

Sand will continue to be moved from the Seagoville

deposits up to time of depletion (1985). After this, sand

will be moved from along the Trinity River in Ellis-Kaufman

counties and Navarro-Henderson counties.

By 1971-1973, the Brazos will have assumed a rub-

stantial portion of the market. By 1980-1985, the Brazos

will have obtained about 251' of the total aggregate market,

of which 401'-60 will be sand. Without a waterway, the natu-

ral agregate market will be split about evenly between the

Brazos and Trinity Rivers. No Dallas-Fort Worth producer is

knowledge enough to predict the total recoverable reserves

along the Brazos but most do feel that marketable reserves

will be limited in production after the middle 1980's. This

is due to transportation and to lack of reserves.

Total reserves accounted for in Ellis-Kaufman counties

approximate 110,000,000 tons (Exhibit 2, p.300). These re-

serves are sufficient to supply the sand market for a period

of only 8-10 years beyond 1985. It is projected that beyond

1995 the Navarro-Henderson counties deposits would be the

closest, economical source for sand along the Trinity River.

In comparing present net costs. of producing and de-

livering sand and crushed stone, and if all other factors

could be equalized, sand could be transported, without a
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waterway, for distances of about 80 miles and still be com-

petitive. This would permit development of sand and gravel

deposits as far south as central Navarro-Henderson counties.

The demand for sand in the year 1995 may be on the

order of 12,000,000 tons per year. The Trinity will be the

main economical source for natural sand at this time. How-

ever, accountable reserves are not sufficient in Navarro-

Henderson counties to supply the demand to the year 2035.

Beyond this time, the three sources would be from farther

down the Trinity and Brazos Rivers, and from crushed stone.

Ratio of Sand-to-Gravel Movement on a Trinity River Waterway

Trinity River deposits downstream will yield from

15'-25 gravel and 754-85< sand. The ratio of sand-to-gravel

movement. will not exceed this on the proposed waterway. The

expected sand-gravel movement is estimated to be not less

than 75" sand and probably on the order of 80' sand and 201

gravel. The reasons for this conclusion are:

(1) The ratio of sand-to-gravel in Trinity River

deposits.

(2) The unavailability of coarse gravel.

(3) Due to some oravel being required for the

East Texas market.
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CHICO CRUSHED STONE

Specific Uses Best Served by Gravel and Crushed Stone

Gravel is preferred in some constructional concrete

because of its workability. The finishing is better and

easier due to the smooth faces on natural aggregate.

Stone is best used in specifications requiring

crushed faces. Stone also best serves requirements for

strength, less impurities, cleanliness, size-grades, and

particle control, and in some lower weight per volume ad-

vantages.

Factors Influencing Use of Gravel or Crushed Stone in

Dallas-Fort Worth Market

No significant quantity of sand is manufactured

from stone to substitute for natural sand because of the

cost factor, and the nearby sand deposits of the Trinity

River. The "screenings" obtained from the crushing pro-

cess are marketed for filler in hot mix and concrete, for

agricultural lime, sub-grade, blocks, etc. The fine

grade-size is a by-product of the production of coarse

aggregate.

In the Dallas-Fort Worth market the primary reason

for the use of crushed stone is the lack'of gravel in

coarse grade-sizes from 3/4-inch to 2 1/2-inch or larger,

and the low quality of the fine grade-sizes of gravel,

1/8-inch to 3/4-inch, that are available. The gravel is
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soft, flat (high length-width to thickness ratios), and

may have adhering films of secondary calcium carbonate.

Availability of specific size-grades and location

of material in relation to ultimate destination often

determines which aggregate is used.

Assuming both materials are available, specifi-

cations may dictate the type of aggregate. Crushed ag-

gregates are required in some of the Texas Highway De-

partment flexible paving specifications. Uses include

pre-coated surface treatment (type B & D aggregates),

and flexible base (Class 1, type A & B). Another use

for crushed aggregates, which for Dallas-Fort Worth is

crushed stone, is in hot mix and hot-mix, cold-laid as-

phaltic concrete paving.

Chico stone is also widely used in grades #1 and

#2 for concrete structures along highways. Concrete

paving and constructional concrete aggregates often in-

clude crushed stone.

In addition to institutional specifications, en-

gineers and technologists may prefer one material or the

other, particularly in finishing concrete. If the speci-

fications can be met with both materials, and they are

available, the cost factor will usually favor gravel.
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Future Role of Chico Crushed Stone

Chico stone is crushed and shipped to the Dallas-

Fort Worth market to meet size and quality specifications

lacking in Trinity River aggregates. The Trinity River de-

posits in the producing areas (1968) are deficient in quali-

ty of gravel and in coarse grade-sizes of gravel (,3/4-inch).

In the absence of a Trinity River Waterway, not all

the future total aggregate market will be captured by stone.

Sand cannot be produced from stone and compete with Trini-

ty and Brazos sand deposits located near present producing

localities. Therefore, the portion captured is essentially

that which will replace gravel not available from the Trini-

ty and Brazos Rivers. The 1966 Chico stone production rep-

resented Z35% of the total aggregate market and L70% of the

total coarse-agqreqate market.

Without a waterway, the stone market is expected to

increase due to increasing transportation costs for gravel.

The maximum increase in the near future would not exceed

the demand for coarse aggregates (L60 of total market).

The maximum increase that would occur represents about an

additional 25"1 of the total aggregate market or /30. of the

coarse-aggregate market. The major producers feel that in

reality, the coarse-aggregate market will not all be re-

placed by stone because of the Brazos River deposits and

the preference of gravel in some concrete uses.
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With a waterway, the stone market is not expected

to decline due to the continued requirement for large

size-grades of quality, coarse aggregate. Future increas-

es in sand and gravel demands from along the Trinity River

will be due essentially only to growth factors. Stone de-

mands will also increase due to growth demands but should

maintain approximately the same ratio of the present mar-

ket.

In conclusion, without a waterway, Chico stone will

not capture all the aggregate market when present produc-

ing localities are depleted. Stone will capture a larger

percentage of the coarse-aggregate market, without a water-

way, due to increased transportation costs from deposits

farther away from present localities. At some future time

when the Trinity and Brazos rivers cannot economically sup-

ply sand and gravel, a portion of the sand market and most

of the gravel market may be captured by crushed stone (See

section entitled, Supply Pattern of Sand for Dallas-Fort

Worth market to Year 2035).
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CRUSHED STONE VS GRAVEL AS RELATED TO PRODUCTION COSTS

AND TO MARKET PRICES OF FINISHED PRODUCT

The factors entering into production costs are re-

stricted in this discussion to those costs necessary to

produce the material ready for market at the plant loca-

tion. It should be understood that a great variation ex-

ists in production costs for sand and gravel because of

the variation in the geology of the deposits. On the

other hand, average production costs for stone are more

comparable for all the producers at Chico because they

are mining from the same deposit under similar situa-

tions. Production costs for stone, and sand and gravel

are inversely related to volume. In comparing cost per-

ton of stone, to sand and gravel, the volumes produced by

a single operation are so different that meaningful costs

are difficult.

Another major consideration is equipment costs.

The basic cost of crushing equipment and plant (crushers,

conveyors, screens, and washers), excluding shovels and

haul units, may vary from $500,000 to over $2,000,000.

The lower costs are for small operations and the higher

costs are for operations as they are in the Chico area.

An average cost-factor presented for a plant is 51.6

times annual tonnage of production. The average produc-
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tion of four operators in the region was about 1,000,000

tons per year for 1966.

Plant costs for sand and gravel were presented

previously at more than $230,000 for a dry-land opera-

tion comparable to what is now being used in the Dallas-

Fort Wiorth region (Exhibit 2, pp.317-320). The immediate

significance indicated is that plants for stone opera-

tions are considerably higher than for sand-gravel opera-

tions.

Factors to Consider in Production Costs of Sand, Gravel,

and Crushed Stone

The following factors are to be considered:

(1) Stripping of overburden

(2) Removal of sand, gravel or stone

(3) Loading and hauling to processing

plant

(4) Plant processing

(S) Stockpiling and loading

Stripping Cost-Factors. Comparative cost-factors

to consider for stone operations at Chico are essentially

that of depth of overburden. The type of materials are

approximately the same for all the operators.

Significant cost-factors for sand and gravel are

related to type of overburden, thickness, relation of over-

burden to water table, and ratio of overburden-to-ore.
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As an example of significant cost variations, a deposit

with a 1:1 ratio of overburden to sand and gravel is

cheaper to produce at ;' than at 10' below the surface.

Mining Cost-Factors. Factors in mining costs of

stone include drilling, blasting, water problems, depth

to stone, and thickness. Important considerations for

sand and gravel include depth, thickness of sand-gravel,

and position of water table.

Loading and Hauling Cost-Factors. Significant

factors to consider in loading and hauling of stone,

sand, and gravel include cost of shovels, draglines,

haul units, and distances between plant and pits.

Plant Processing Cost-Factors. A significant fac-

tor is that of primary and secondary crushing operations

for stone that are not necessary for sand and gravel op-

erations in the Dallas-Fort Worth area. A great variety

of size-grades are producible from stone whereas gravel

sizing is controlled essentially by nature. As mentioned

previously, volumes produced also greatly influence pro-

duction unit costs.

Stockpiling and Loading Cost-Factors. These cost-

factors depend upon whether conveyors or, haul units, or

direct loading is used.

Obviously, all cost-factors have not been mentioned

because of the myriad variation in production procedures
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and the geologic occurrence of raw materials.

Production Cost of Sand and Gravel, and Crushed Stone

Production costs for sand and gravel as presented

in Exhibit 2, pp.317-320, average 74g/ton for three of the

four major producers in the Dallas-Fort Worth Region.

Production costs may vary by J20% or more.

Productiuii costs for crushed stone are presented

as an average obtained from four of the five companies

producing in the Chico area. The average production

cost for crushed stone is $1.00/ton. Approximately

25"-351' of this cost is for stripping, blasting, and

mining; 10'-20', for loading and hauling; and 451-65Z

for plant processing, ready for shipment.

The significance is that on the average, stone

is a higher cost item than sand and gravel. Average

differences are presented as about 260/ton. One must

realize, however, that some stone is produced cheaper

than gravel, and vis-a-versa. These data are presented

only as guidelines and are not absolute for specific

situations or for individual companies.

Cost of Makinq Concrete

To effect a meaningful cost for concrete, a basis

must be established for cost of aggregates, cement,

batching, technology, transportation, and for other di-

rect and indirect costs.
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Aqqregate Costs. To determine an average cost for

concrete, the following combination of plant price of ag-

gregates, transportation, and delivered price of aggregates

is considered.

Material Plant Pricea Transportation Del. Price
$/ton $/ton, V/tan

Stone 1.30b(l.25-1.35)c 1.70 3.00 (2.95-3.05)

Gravel 1.80 (1.45-2.15) (.75-1.00) 2.80 (2.20-3.15)

Sand 1.28 (1.00-1.43) (.75-1.00) 1.60 (1.20-2.00)

aPrices may be discounted 200/ton
upon payment by 10th of the month.

bData outside parentheses represent
straight averages or weighted averages.

cData in parentheses represent minimum
and maximum prices quoted.

Cement Cost. The quoted price for cement is 53.65/bbl.

This price is standard when cement alone is considered.

Cost of Concrete. The batching requirements vary for

concrete depending upon the characteristics and quality spec-

ifications desired. Use of additives, ratios of sand to

gravel and/or stone, ratios of stone to gravel, and ratios

of cement to aggregates and additives are ,among considera-

tions in developing a cost for concrete. Generally, an

average concrete for the Dallas market is 5-sack.
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materials and unit

crete are as follows:

costs representative for con-

Del. Cost

53.00/ton

51.60/ton

53. 65/bbl

52.80/ton

i2.28/ton

93. 65/bb1

Quantity

0.9

0.67

1.25

0.9

0.67

1.25

tons

tons

bbls

tons

tons

bbls

Material

Stone

Sand

Cement

The costs presented for an average yard of concrete

do not include batching, transportation, nor associated di-

rect and indirect costs. These costs plus aggregate-cement

costs do result in a delivered cost for redi-mix concrete

that may exceed the selling price.
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Unit Cost
5/yd concrete

$ 2.70

$ 1.07

S 4.56

TOTAL 8.33

$ 2.52

5 1.07

3 4.56

TOTAL $ 8.15

Gravel

Sand

Cement



Relationship between Cost and Selling Prices of Aggregates,

Cement, and Concrete

The average quoted price for concrete is $14.00/yd.

The actual going rate is somewhere near $12.00-$12.50/yd.

Because delivered costs for concrete may exceed the selling

price, it is obvious that profit considerations are associ-

ated with competition in a vertically integrated aggregate-

cement-concrete market.

Production costs for sand, gravel, and stone have

been discussed previously, and it is to be understood that

production costs vary considerably, especially for sand and

gravel.

The plant price of sand, plus delivery cost commonly

exceed the delivered price. The production cost of 74/ton

plus average transportation cost of 750-$l.00 approximate

the average delivered price of sand ($1.60). It is obvious

that sand is not an item that when marketed alone results in

a profitable operation. In short, sand may be sold at lit-

tle or no margin when marketed with other products.

The plant price of gravel, plus delivery cost are in

line with quoted delivered prices. Also, the average pro-

duction cost of gravel (740/ton) plus average transporta-

tion cost are lower than the average delivered price. The

supply and demand factor for gravel accounts for this favora-

ble balance in the gravel market.

417



The same relationship between plant price and de-

livered price also holds true for stone as well as for

gravel. The profit consideration in the average stone

market is on the difference between production cost and

plant price. Stone is produced in the same locality, un-

der similar conditions, and is transported equivalent dis-

tances by all the major companies. The real advantages

in the stone market are gained through volume, location

of delivered product and in other competitive advantages.

Sand and gravel are produced in various locations

and under many dissimilar situations. Production costs

and transportation are prime considerations in obtaining

a competitive advantage. In comparing aggregate costs

and concrete prices, it is also evident that a vertically

integrated situation is necessary in order for the aggre-

gate-concrete market to exist.

In pricing delivered concrete or delivered prod-

ucts for batching concrete, the profit considerations may

be in sand, gravel, stone, and/or cement. Depending on

the situation, it is not uncommon for a company to rely

on the competitive position in one or more items to com-

pensate for a non-competitive situation in one or more of

the other items.
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In summary, the following advantage-factors are of

prime importance in the concrete market of Dallas and Fort

Worth.

(1) Production costs of sand and gravel.

(2) Relative distance between point of

sand and gravel production and point

of delivery.

(3) Availability of materials.

(4) Cement prices and costs.

(5) Delivered cost of crushed stone.

(6) Batching and transportation costs for

concrete.

(7) Volume.
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TABLE A

TRINITY RIVER AND TRIBUTARIES, TEXAS NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE SUPPLEMENTAL STUDY

List of Companies and the Personnel Interviewed

Heldenfels Brothers

Jim Heldenfels
521 McBride
Corpus Christi, Texas

M. P. Wright, Jr., and
Wright Brothers Materials

M. C. Truesdale
Banquete Plant
Corpus Christi, Texas

Texas Highway Department

Pat Keefe
Resident Engineer
Victoria, Texas

Vernon Matusek
Engineer
Yoakum, Texas

The Fordyce Company

Ed Lee
Belden St.
Corpus Christi, Texas

Other Contacts include:

All major producers of sand and gravel
in the Dallas-Fort Worth area, and all
in the Houston-Region, except Texas
Construction Materials Company, that are
listed in Table A, pP-36.-350, of the
original study.

422



TABLE B

TRINITY RIVER AND TRIBUTARIES, TEXAS NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE SUPPLEMENTAL STUDY

Producers of Aqqregates in Victoria, Corpus Christi, and

Rio Grande Valley Region, 1967

Victoria

Corpus Christi Shell (shell)

General Dredging (shell for cement)

Heldenfels Brothers (sand, gravel, shell)

Horton & Horton (1968)

The Fordyce Company

Nueces River

Heldenfels Brothers

M. P. Wright, Jr.

The Fordyce Company

Rio Grande Valley

Crow Gravel Company

The Fordyce Company

Wright Brothers materials
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TRINITY RIVER AND TRIBUTARIES, TEXAS
NAIVGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY
TRAFFIC ANALYSIS

REGIONAL MARKETS

1. General.- Prospective commerce in sand and gravel represents
a very important element in the Trinity River reevaluation study. In
recognition of the importance of these commodities, a thorough investi-
gation was undertaken to establish the existing supply-market relationships
for the principal areas of consumption, and the probable changes in these
relationships during the economic life of the Trinity River waterway.
Dr. William D. Miller, a faculty geologist of Texas Technological
University, is an eminently well qualified resource analyst, thoroughly
familiar with resource deposits and industry practices in Texas.
Dr. Miller was retained as a consultant to make a special study of the
resources supplying the Dallas-Fort Worth and the Houston-Galveston market
areas and the probable patterns of future supply from both existing and
known deposits that will be worked in the future.. The study included
assessment of quantities, quality, substitute materials, mining practices,
and determinations of the expected life of existing deposits related to
forecast market demands. Additionally, much valuable information was
obtained from responsible officials of the industry and excellent correlation
was noted between the information furnished by the industry and that obtain-
ed by Dr. Miller. The regional analysis concept established in the sand
and gravel consultant' s study provides the basis for the regional market
analysis presented herein. As presented in the consultant's report,
there are two major regional markets, the geographic extent being determined
by the economics of (1) location of materials, (2) manufacturing costs,
and (3) transportation. The two major market areas are the Dallas-Fort
Worth Region of the upper Trinity watershed and the Houston-Galveston Region
adjacent to the lower watershed, with the circle-of-influence radius of
the two major markets extending approximately 75 miles. Each of these
areas was analyzed separately to determine present consumption of sand,

gravel, stone and shell, the present location and life of deposits, future
consumption and reserves in relation to present and future methods of

movement into the marketing areas to derive estimates of prospective traffic
and transportation savings that would be creditable to the authorized

waterway. Figure 1 is a location map showing the two regional market areas

and the locations of resource deposits in production and serving these areas
in 1966-67. Figure 2 shows the locations of the sand and gravel deposits
only serving the areas in 1966-67.
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2. In some respects, the methods used to estimate prospective traffic
and transportation savings for sand, gravel and stone differ from those
used for other commodities in the Trinity River restudy. Estimates of
prospective traffic for sand, gravel, and stone are based on a detailed
analysis of resource-market relationships in each region. These analyses
determined how the overall market demand for these materials can be most
economically supplied from existing or new sources of these materials
over the project life. The market demand for each of these commodities
was analyzed on the basis of conditions expected to prevail both with, and
without, the waterway. Savings attributable to the waterway were derived
from a comparison of transportation charges from the most economical
alternate sources of these materialswith the estimated transportation
charges from sources located on the Trinity River waterway. Estimates of
the chronological sequence of production from various sources of sand,
gravel, stone and shell were developed in order to indicate the pattern
of supply of the lowest cost marketable material to meet quality market
demands throughout the project life. For consistency with the method used
to estimate future prospective traffic and transportation savings for other
commodities on the authorized waterway, estimates of prospective traffic
in sand and gravel are related to estimated potential commerce for the
base year 1966, if the waterway had been in existence at that time.
Estimates for all years subsequent to 1966 are related to the base year
potential by appropriate indicators of future economic activity.

3. The problem in estimating potential base year (1966) waterway
commerce in sand and gravel is complicated by the impending depletion
of the existing primary sources of supply for both the Houston-Galveston
and Dallas-Ft. Worth market regions within the next 30 years. In the base
year 1966, the markets in both areas would have been largely satisfied
from existing supply sources and only minor amounts of Trinity River
deposits could have been classed as potential waterborne commerce, even
had the waterway been in existence at that time.

4. All indications point to depletion of virtually all of the existing
sources of supply of sand and gravel for the Dallas-Fort Worth Region prior
to 1985, the estimated initial year of the waterway project. To estimate
the potential base year 1966 commerce for the waterway, synthetic supply
patterns were developed for 1966 on the basis that no contributions were
made by existing sand and gravel sources in that year. The synthetic supply
patterns were developed to reflect supply from the most economical alternate
sources, including substitute materials where applicable. To provide a
basis for evaluating waterway benefits, supply patterns were developed
both with and without the waterway.

5. The present sources supplying sand and gravel to Houston-Galveston
Region have sufficient reserves to meet the total concrete aggregate demand
through the year 2000. At about that time, extensive changes in supply
sources should occur with or without the waterway project. Further, the
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use of substitute materials, such as crushed limestone for large sized
gravel can be expected, as the gravel production moves to more distant
sources. This shift in production and material is discussed in detail
in paragraphs 15 through 26 herein. The potential waterway commerce for
this region was estimated by considering the Trinity River deposits as a
source of supply in competition with the existing sources of supply through
the year 2000 and the most economic alternate sources beyond to 2035,

HOUSTON-GALVESTON REGION (H-GR)

6. General.- The consultant's report states that in 1966 the H-GR
consumed l7.5 million tons of sand, gravel, shell and stone. Table 1 shows
the 1966 production of each supply source for the H-GR and the percent
of the 1966 production that each source represented0

TABLE 1

SOURCES OF MATERIAL CONSUMED IN (H-GR) IN 1966
(In Tons of 2000 Pounds)

Location of Deposit
Limestone

Local Regional Deposits

Georgetown-San Antonio
Area

New Braunfels, George=
town, Burnet, San
Antonio

Shell

Galveston, Trinity,
Matagorda Bays

Sand, and Gravel

1966
Production

100,000

800 $000
900 9000

3,700,000 (1)
2 1f00000(2)

96100,OOOTons

Percent
of Total

Percent
Totals of Total

1001%

890
100 o0%

60.7%

100 0%

00 90M0 T. 5.1%

6o10MT. 3o4.9%

Colorado River

Columbus, Altair, Eagle
Lake, La Grange

San Jacinto & Trinity
River (Sand)

Baytown, Liberty,
Urbana

Houston Local Area

7,300,000

2,9600,000

500 9000

Used as road base material
Used in cement production

(1)
(2)

1000 10 50MT0,
l7 50M Tr
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196 PRODUCTION &METHODOF SHIWTh

7. Limestone o Table 1 shows that the H-GR used 0.900 inillion
tons of limestone in 1966. Of this amount, o08oo million tons were produced
in the Georgetown-Sanz Antonio Area and shipped to the H-GR by rail for
use as rip-rap, jetty stone, road materials, and aggregate. Limestone
is also used in the production of cement, but with the availability of
low cost shell, its use in cement production currently is limited. The
location of these,' deposits, shown on figure 1, precludes the transportation
of limestone via the Trinity Rivero

8o Shell.- The H-GR used 6.l million tons of shell in 1966o This
market consisted of 24 million tons used in the production of cement
and 307 million tons used in road construction for flexible and cement-
stabilized sub-base o Shell reserves for road base material and for
cement manufacture are located in the Texas Gulf bays and are shown on
figure l Based on the present rate of production, these reserves are
estimated to be depleted by l985o Legislation is pending to restrict
removal of oyster shell from Matagorda and Galve stone Bays to prevent damage
to live oyster reefs0 Should shell dredging be restricted, the demands
for coarse-base-material and raw materials for cement manufacture would
create additional markets for sand, gravel and limestone. The increasing
price of oyster shell in recent years has already resulted in considerable
use of substitute materials for road construction. Shell is now transported
by barge from the shell deposits in the bays to processing sites in the bay
areas0 The shell traffic is not expected to move on the Trinity waterway.

9. There are no sources in the 1WGR for limestone for cement
manufacture tb replace shell use o If shell production should be drastically-
curtailed 9 raw materials or cement for the region would be supplied, most
likely, from the Georgetown-San Antonio Area. However, if the Trinity
River waterway were in operation, it is possible that transportation
savings would permit shipment of cement from the Dallas-Ft. Worth Region
to the Houstoh-Galveston Region for marketing at fully competitive or
even reduced prices0  The development of this traffic is highly specula
tive and was not considered as potential waterway commerce for this study0

10 o Sand and Graveloeise ra10  In 1966, the H-GR consumed 10.50'
million tons of sand and gravel0  Figure 2 shows the location of producing
sand and gravel deposits supplying the region while table 1 shows the 1966
production of each and the percent of the ,1966 production that each source
repre sented0

110  Colorado River deposits.- The deposits located at Columbus,
Eagle Lake, Altair, and La Grange are presently the primary sources of sand
and gravel of sufficient quality to meet all gradation requirements for
concrete aggregate in this region0 In 1966 these deposits supplied almost
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70 percent of the total sand and gravel requirements of the Houston-
Galveston Region as shown in table 1. The 7.3 million tons produced were
shipped by rail within the region to Houston, Galveston, Beaumont, Port
Arthur and Orange, Texas, with the Houston-Galveston metropolitan area
consuming approximately, 85 percent of the total. As discussed in the
following paragraph, the recent opening of the Guadalupe River, channel to
Victoria, navigation project has generated a movement of Guadalupe River
sand and gravel into the H-GR in competition with the Colorado River deposits.
It is likely that by 1970 the Guadalupe deposits will supply a significant
portion of the Houston market and the importance of the Colorado River
deposits will diminish somewhat as the primary source of these materials.

12. Guadalupe River deposits.- These deposits, located primarily
in the area from about seven miles south of Victoria north to Cuero,
did not contribute sand and gravel production to the Houston-Galveston
Regional market in 1966, but were the primary sources of sand and gravel for
the Victoria-Corpus Christi Regional market. The consultant's Supplement
No. 1 to his Sand, Gravel and Stone Study shows that a significant pro-
duction and shipment of sand and gravel to the Houston-Galveston Region
has resulted from the availability of low cost barge transportation via the
Channel to Victoria and the G.I.W.W. A major producer in the area has
begun a gradual shift in sand and gravel production from the Colorado
River deposits to those along the Guadalupe River. Shipments of sand and
gravel from these deposits are expected to contribute about 17% of the
total sand and gravel market to the H-GR region in 1970. This production
represents 25% of the 1966 Colorado River deposits production. The
Guadalupe River deposits will assimilate a. larger percentage of the
Colorado River production as the latter deposits become depleted. Together,
however, the Colorado and Guadalupe River deposits will continue to supply
about 70% of the total H-GR sand and gravel market. To adjust the actual
1966 supply data so that the pre sent and future role of the Guadalupe River
deposits would be taken into account, an appropriate adjustment of the
Colorado River production for that year was made to indicate supply from
the Guadalupe deposits as it would have occurred if the channel to Victoria
navigation project had been open in 1966. Table 1-A shows the 1966
production of these deposits, adjusted as described above.
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TABLE 1-A

ADJUSTED i266 PRODUCTION SUPPLYING
THE HOUSTON-GALVESTON REGION
(Adjusted to reflect role of

Guadalupe River deposits, after
opening of channel to

Victoria Navigation Project in 1967)
(In Tons of 2000 Pounds)

Location of Deposit
Lime stone

Local Regional Deposits

Georgetown-San Antonio
Are a

New Braunfels, George-
town, Burnet, San
Antonio

Shell

Galve ston, Trinity,
Matagorda Bays

Sand and Gravel

Production
Percent
of total

Percent
Totals of total

100,000

800,000
900,000

3,700,000(1)
2, 400 000(2)
6,10oo,00

88.9fo
100,00

60.70
390

100.0%

0 .90M.T. 5.1%

6.10M.T . 3i4.9%

Colorado River

Columbus, Altair, Eagle
Lake, La Grange 5,500,000

Guadalupe River
Victoria 1,800,000

San Jacinto and Trinity
River (Sand)

Baytown, Liberty,
Urbana 2,600,000

Houston Local Area 600,000
10,500,000

(1) Used as road base material
(2) Used in cement production
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13. San Jacinto-Trinity River deposits.- The deposits located along
the San Jacinto and Trinity Rivers supplied about 25% of the total 1966
sand and gravel requirement for the Houston-Galveston Region. The
production at these sites consists primarily of sand. The Urbana-Romayor
area along the Trinity River supplied about 900,000 tons of concrete
quality sand and the San Jacinto River deposits supplied about 800,000
tons of low quality sand. Other deposits located in the Liberty-Dayton
area on the lower Trinity River supplied the remaining 900,000 tons of 1966
production. The sand produced in the Urbana-Romayor area was transported
by rail and truck to the Beaumont-Port Arthur-Orange metropolitan area.
The 0.9 million tons of this material from the Liberty-Dayton area are
located within the tributary area of the previously authorized Channel
to Liberty, Texas, navigation project and, therefore, is not considered
as potential traffic on the Trinity River Waterway.

14+. Houston local area.- The remaining 6 percent of the total
1966 production comprised low quality sand and was produced by independent
operators, in local areas in and around the city of Houston in limited
quantities as needed. The total reserves for these deposits are limited
and considered insignificant for the purpose of this study.

FUTURE RESERVES FOR USE IN H-GR WITHOUT THE TRINITY RIVER WATERWAY

SAND,9GRAVEL, AND STONE

15, General.- The estimated pattern of supply for meeting the future
market demands for the H-GR until the year 2035 is based on (1) projection
of market demands related to the new construction index, (2) estimates
of reserves from each of the producing areas for each material, (3) the
quality of substitute materials and sources and (4) transportation costs
of moving these materials to the major consuming area. The following
figure 3 shows the locations of sand and gravel reserves not in production
in 1967 but that will be of significance to future supply of the two major
market regions. Figure 4 shows similar data for stone and shell reserves.
The data pertinent to these reserves were obtained by the consultant and
largely confirmed by industry sources. No exploration borings were made
in connection with this study, but the data are considered to be the best
obtainable short of such field exploration measures.
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16. The Colorado and Guadalupe River deposits, which presently

supply about 70% of the H-GR's total sand and gravel requirement, have

reserves estimated at about 600 million tons. At the present rate of

supply (70%) and based on projection of market demands related to the new

construction index of the future growth of this region, these reserves will

be depleted by about the year 2000. Beyond this point, sand and gravel

producers will seek alternate sources of sand and gravel or substitute
materials which will economically provide for the region's construction

needs. Each of the existing or new sources of sand and gravel or substitute

materials that will supply the future needs of the region are discussed

in detail in the following paragraphs.

17. Colorado and Guadalupe River deposits.- The deposits located

at Columbus, Eagle Lake9 Altair and La Grange on the Colorado River and

deposits located on the Guadalupe River from seven miles south of

Victoria northward to Cuero will be the primary sources of concrete quality
coarse and fine aggregates for the Houston-Galveston Region. The total
reserves for these deposits which could supply the region are estimated at

600 million tons. The estimates are the best obtainable by the sand and

gravel consultant and from industry sources. They have not been verified
by core boring data. From the standpoint of the overall traffic analysis
of the Trinity waterway, however, the life of these deposits is not a
significant factor. As discussed in paragraph 61, an assumption of unlimit-

ed reserves for these deposits would reduce the estimated benefits for the
waterway by about $16790009 or less than one percent of the benefits from

sand and gravel commerce alone0

18. It is expected that production from the Colorado River deposits
will gradually diminish, as the deposits presently being worked become

depleted and producers are forced to shift operations to more distant

reserves northward along the Colorado or to sand and gravel deposits along

the Guadalupe River0 This shift in production has begun, as evidenced by

the operations recently initiated on the Guadalupe River. Together, the

Colorado River deposits northward to La Grange and the Guadalupe River

deposits northward to Cuero can supply the total market demand of the
H-GR and the additional markets of the Guadalupe River production for
concrete quality sand and gravel untl the year 2000 Even though some
of the deposits have an exce s f sand over that produced for the combined
gravel-sand market9 the mining practices do not conserve the sand excess
and the sand excess is generally not commercially recoverable after the
gravel mining has ceased. Beyond the year 2000, production will shift to
alternate sources for both coarse and fine aggregates0

19. San Antonio-Georgetown area.- This. area supplied the region

with 8009000 tons of limestone -inl 6 as discussed in paragraph 7. The
deposits in this area have an estimated life of at least 100 years and

could supply the H-GR with quality crushed stone in almost unlimited

amounts. Upon depletion of the Guadalupe and Colorado River reserves in

the year 20009 the deposit s of lime tone in this area will become competitive
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in transportation costs with the more distant reserves on the Colorado
north of La Grange and on the Guadalupe north of Cuero and will be in a
competitive position to assimilate a major portion of the region's coarse
aggregate market. An analysis of transportation charges for the San
Antonio-Georgetown area and possible sources on the Colorado River north
of La Grange and on the Guadalupe River north of Cuero, indicates that
with the existing transportation network and competitive transportation
costs, the San Antonio-Georgetown area will be the preferred source of
concrete quality crushed coarse aggregates 0

2®o These limestone deposits will also become the major source of
raw material for cement manufacture0  Presently, oyster shell is used as
a primary raw material in the production of cement in this region. As
discussed in paragraph 8, reserves of oyster shell are sufficient to last
until 1985 unless legislation further curtails production in the interim.
With depletion of the shell reserves in 1985, a new source of raw materials
will be required for cement manufacturing. The source of these raw
materials is expected to be the limestone deposits in the San Antonio-
Georgetown area. However, in lieu of shipments of limestone to the existing
cement manufacturing plants, it is expected that cement production will
shift to this area and cement will be shipped to the market region.
Therefore, in 1985, the limestone equivalent of the 2.4+ million tons
(1966 production figure) of shell used in cement maufacture is allocated
to the San Antonio-Georgetown area.

21. San Jacinto and Trinity River deposlts.- The supply pattern
for these deposits will remain generally unchanged until the year 2000o
At this time there will be a substantial demand for concrete quality sand
as a result of depletion of the Colorado Rive: sand and gravel reserves
south of La Grange and those of the Guadalupe River south of Cuero and the
shift to crushed aggregate from the San Antonio-Georgetown area.

22 Deposits of sand on the San Jacinto River near Baytown and the
lower Trinity near Liberty are not of suitable uality for concrete
specifications and are used primarily as fill eii roan. materials and as
admixtures to high quality sand for some lower spec iication concrete
construction. Sand deposits in these areas are unlimited in quantity,
but low in quality0

23. Quality sand and gravel is located on the Trinity River north
from the Urbana-Romayor area to Oak ood long Lake0a Reserves are estimated
at about 2.5 billion tons, 15% of which is gravel. Because of the high
sand to gravel ratio, the recovery of this gravel is for commercial purposes,
marginal. The sand, however, is of high quality and the deposits located
on Trinity River in the Urbana-Romayor area will be the primary source of
concrete quality sand upon depletion of the sand and gravel reserves of
the Guadalupe and Colorado Rivers. It is estimated that in the year 2000,
the Urbana-Romayor deposits will assimilate lCFfo or 206 million tons
(adjusted base year 1966 amount) of the fine aggregate market previously
supplied by the Guadalupe and Colorado River deposit0
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FUTURE PRODUCTION OF SAND AND GRAVEL FOR USE IN H-GR WITH THE
TRINITY WATERWAY INOPERATION

24o General0n The cumulative total market demand of the Houston-
Galveston Region during the economic life period of the Trinity waterway
(1985-2035) will require transportation of billions of tons of sand,
gravel, stone and/or shell from the sources discussed in the preceding
paragraphs. The construction of the Trinity River waterway will make
available to the H-GR low-cost transportation for a portion of these
materials. As previously discussed, shell is presently transported by
barge to the region and is not expected to use the proposed waterway.
Also, the location of the limestone deposits precludes transportation of
this material via the Trinity waterway. Sand and gravel presently produced
for the H-GR on the Guadalupe River is shipped to the region by barge via
the Channel to Victoria and the Gulf Intracoastal Waterway and will not
utilize the Trinity River waterway. The waterway will, however, make
available to the H-GR substantial amount of fine aggregate reserves located
along the Trinity River and these reserves will serve a portion of the
H-GR sand market0

25. Trinity Rivereposits.- The Trinity deposits located in the
Urbana-Romayor area are presently in production supplying the Orange,
Beaumont and Port Arthur markets, with concrete quality sand and small
size gravel. With the Trinity waterway in place, the concrete quality
sand and small gravel can be shipped to the H-GR by barge at a substantial
savings in lieu of the comparable quality materials that otherwise would be
supplied by the Colorado River deposits south of La Grange and the
Guadalupe River deposits south of Cuero. The Trinity River deposits,
however, do not contain appreciable amounts of gravel above 3/4-inch size,
and the larger size gravel required for quality concrete specifications
would continue to be supplied from the Colorado and Guadalupe River deposits0

260 The portion of the market satisfied with low-quality sand will
not be affected by the waterway, since this material can be supplied in
unlimited quantities from the nearby San Jacinto River and from the
Dayton-Liberty deposits on the lower Trinity, which are tributary to the
previously authorized channel to Liberty project6 The market pattern for
the quality sand and gravel, with the waterway constructed, is forecast
for the basis of providing the region with the lowest-cost suitable materials
for concrete use. The sand and gravel reserves of the Guadalupe River south
of Cuero and the Colorado River rese ves south of La Grange are sufficient
to satisfy the total demand of the region for large gravel and some sand
until the year 2000, When the Trinity waterway is constructed, however,
a substantial part of the quality sand and. some small gravel will be
supplied from the Urbana deposits because of the transportation savings0
With the progressively increasing cost of sand and gravel production on
the Guadalupe and Colorado Rivers in the future as the production moves
farther to the north, the trinity deposit at Urbana is expected to become
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the primary source of concrete quality sand and small gravel, The Colorado
and Guadalupe River deposits would retain the large aggregate production
and some sand and small gravel production which would be produced
incidentally, or as a by-product, with the large gravel production. It
is estimated that about 0.5 million tons (base year 1966) or about 20
percent of the quality sand and small gravel market would be supplied
from this production until the year 2000. The effect of this production,
if continued throughout the project life, is discussed in paragraph 61.
As the production of oyster shell in the coastal bays diminishes, the
Colorado and Guadalupe sand and gravel deposits will furnish substitute
materials for the portion of the shell production that was previously
used as aggregate in road base construction and cement stabilized sub-
bases; while the San Antonio-Georgetown area limestone will substitute for
the shell production which previously was used in the manufacturing
of cement This is the estimated pattern of supply for the market from
about 1985 to the year 2000. Beyond that year, with the economically
marketable sand and gravel reserves along the Colorado south of La Grange
and the Guadalupe south of Cuero essentially depleted, the limestone
deposits located in the San Antonio-Georgetown area then will become the
primary source of coarse aggregate, while the Trinity River deposits in
the Urbana-.omayor area will be the primary source of sand and small
gravel. Thus the combination of these two sources, both with unlimited
reserves, will provide the H-GR with unlimited amounts of high quality
concrete aggregates throughout the remaining project life. Table 2 and
3 show the percentage of distribution of base year 1966 market demands
as they would be satisfied by the respective supply patterns estimated
for the years 1985 and 2000.
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TABLE 2

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY
TRAFFIC ANALYSIS

DISTRIBUTION OF PRODUCTION WITH THE PROJECT CHANNEL IN
OPERATION BASED ON 1966 PRODUCTION FIGURES

(H-R)

Location of Deposit

SUPPLY PATTERN FOR YEAR:

Percent
of total Totals

1985

Lime stone

Local Regional Deposits
Georgetown-San Antonio

Area
New Braunfels, George-
town, Burnet, San
Antonio

Sand and Small Gravel

San Jacinto-Trinity River
Deposits

Baytown, Liberty
Urbana and Romayor

Colorado &'Guadalupe Rivers
Local Regional Deposits

Gravel

Colorado-Guadalupe River
Deposits

La Grange to Columbus-
Victoria to Cuero

Local Regional Deposits

100,000

3,200,000
3,300,000

1,700,000
3,000,000

500,000
200,000

5,400,000

8,400,000
400 -000

o8,00,000

3.0%

3.30M.T. 18.9%

31.5%
55.6%
9.3%
3.6%

100.0 5.40M.T. 30.9%

95.5%
4.:

100.00% 8. 80M.T .
17.50M.T.
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TABLE 3

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY
TRAFFIC ANALYSIS

DISTRIBUTION OF PRODUCTION WITH THE PROJECT CHANNEL IN
OPERATION BASED ON 1966 PRODUCTION"' FIGURES

(H-GR)

Location of Deposit
1966 Percent

Production Tons of total

SUPPLY PATTERN FOR YEAR:

Limestone

Local Regional Deposits
Georgetown-San Antonio

Area
New Brauinels, George-
town, Buriet, San
Antonio

Sand and Small Gravel

San Jacinto'Trinity River
Deposits

Baytown, Liberty
Urbana-Romayor

Local Regional Deposits

100,000

119000®000
1,1009000

1700,000
3,500,000

200,000
$,00000

12,000200V

1,000,000

0009%

Ul.lOM.T.

3105%
614.8%

.00. O

.00.0
100640%

5.40M.T. 30.9%

Gravel

Local Regional Deposits

Totals

2000

Percent
of total

10 0M.T.
17.50M.T -
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POTENTAL TRINITY RIVER WATERWAY COMM.ERCL.JL-GR

270 General 0  As discussed in the preceding paragraphs, the role of
the Trinity River deposits of quality sand and small gravel are expected
to compete in the H-GR market with sources located on the Colorado River
south of La Grange and on the Guadalupe River between Victoria and Cuero
in the initial year of the project, 1985. This competitive situation is
expected to prevail until about the year 2000 when the reserves of large
gravel on the Colorado River south of La Grange and on the Guadalupe south
of Cuero are economically depleted, The Trinity deposits will then become
the principal remaining .source of quality sand and small gravel, with the
need for larger aggregates being supplied by cry bed lime stone from the
Georgetown-San Antonio area0 Law grade sand will be supplied from the
San Jacinto River near Baytown and the lower Trinity River near Liberty
throughout the period

28* Thus, for the initial year of the project 1985, the potential
traffic accepted for rate analysis as prospective commerce for the Trinity
River navigation project is represented by the 3.0 million tons of base
year 1966 potential from the Urbana-Romayor sand and small gravel deposits
along the Trinity River This total includes 0.9 million tons of actual
1966 production at the Urbana deposits t.at moved mostly by rail to the
Beaumont-Port Arthur-grange area market0  The remaining 2.1 million tons is
the sand and small gravel production developed from the analysis of future
production areas and, for bsse year estimating purposes 9 is considered as
equivalent to 1966 production at the Trinity River deposits0  As shown in
table 3, the estimated potential waterway commerce from these deposits
would be increased to 3o5 million tons (on base year 1966 potential) inabout the year 2000 when the deposits containing large gravel on the
Guadalupe River south of Cuero and those on the Colorado River south of
La Grange become depleted and would no longer be worked for sand0

DA -FORT WORTH REGION]D-

29Q General d The consultants report states that in 1966 the
Dallas-Fort Worth Region consumed 12-70 million tons of sand, gravel and
stone0  Figure 1 shows the location of the resource deposits in production
and sup ying t e DWR in 966-67, while figure 2 shows the locations
of the sand and gravel deposits only ser ing the area in 1966-67' Table 4
shows the 1966 production of each resource deposit and the percent of the
1966 production that eacp source represented0

446



TABLE 4

SOURCES OF MATERIAL CONSUMED IN (D-FWR) IN 1966

Lime stone

Chico-Bridgeport Area
Palo Pinto & Parker

County Areas

Local Regional Deposits

1966
Production

3,900,000

1,500,000

300,000

5,700,000

Percent
of total

68.2%

26.7%

5.1%

100.0%

Percent
Totals of total

5.70M.T. 44.6%

Sand And Gravel

Dallas-Ft. Worth-
Seagoville Area'
Brazos River Area

Local Regional Deposits

6,500,000
300,000

200 ,000

7,000,000

1966 PRODUCTION AND METHOD

92.6%
14.4%

100.0% 7.OOM.T.
12.70M.T.

OF SHIPMENT

30. Limestone.- Table 4 shows that the D-WR used 5.70 million tons
of limestone in 1966. This production consists of 3.90 million tons of
hard limestone produced in the Chico-Bridgeport. area and 1.50 million
tons produced in the Palo Pinto-Parker County areas. The remaining 0.30
million tons consisted of soft limestone and sandstone produced by
independent contractors at various small sites for the Texas Highway
Department. About 3.00 million tons of hard limestone were processed into
large size crushed aggregates and used to supplement the locally produced
sand and gravel, in order to bring its quality up to required concrete
specifications. The remaining 2.4 million tons of hard limestone were for
non-concrete uses, including agricultural lime, asphaltic paving, blast
furnace flux, etc. The limestone was transported to the market region by
truck and the location of the deposits precludes transportation via the Trinity
River.
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31. Sand and ravel-neral.- Practically all of the sand and gravel
used in the Dallas-Fort Worth Region has been produced from nearby sources
along the Trinity River. In recent years, with depletion of many of the
local deposits, some sand and gravel has been trucked to the Fort Worth
vicinity from the Brazos River basin north of Waco. Most of the up-river
Trinity sand and gravel deposits contain a mixture of good quality sand
and gravel, with the gravel comprising 15 to 30 percent of the total.
The gravel is somewhat larger than that in the lower river deposits, with
abundant grade sizes up to 3/1-inch material. The concrete market requires
generally about 40 percent fine material, or sand, (defined as passing a
#4 sieve) and about 60 percent of coarse aggregate. The coarse aggregate
may be material grading in size from that retained on a #4 sieve (5
millimeter grain size) upward. to about 2 inches. Most building construction
concrete requires coarse aggregate sizes ranging upward to about l} to
2 inches . The hard limestone of the Chico-Bridgeport area and. Parker-
Palo Pinto counties is crushed.to meet coarse aggregate size specifications,
with virtually all requirements for material larger than 3/h-inch being
provided from this source. The Trinity River deposits provide the D-FWR
with most of its sand and large amounts of gravel for coarse aggregate
ranging downward from 3/L-inch size . Generally, the sand and gravel is
shipped from the deposits on a basis of about 35 percent gravel and.
65 percent sand.

32. Dallas-Ft. Worth-Seagoville area.- This area is, at present,
the primary source of sand and gravel for the D-WR and supplied 92.6
percent of its 1966 total sand and gravel requirement. The gravel produced
in the area between Dallas and Fort Worth was used mostly in the production
of concrete or was sold to independent contractors. The sand was used not
only for production of concrete, but for a variety of non-concrete uses.
The material produced in the Seagoville area was tran ported to the region
by truck.

33. Brazos River area,- In 1966 this area supplied the D-FWR
with only . percent of its total sand and gravel requirement. The
0.30 million tons produced was transported to the region by truck from the
Granbury area. Figure 2 shows the location of existing deposits on
the Brazos River.

34. Local regional deposits.- The remaining 3 percent of the total
1966 production shown on table + was produced in areas in and around the
Dallas-Fort Worth Region in limited quantities by independent contractors,
These reserves are generally in small deposits, with areas of use limited
to the vicinity of the deposits. These materials were not considered as
potential waterway commerce.
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FUTURE RESERVES FOR USE WITHOUT THE TRINITY RIVER WATERWAY

SAND, GRAVEL, AND STONE

35. General.- Without the Trinity River waterway, the deposits
of sand, gravel, and limestone shown in table 4, except for those located
in the Dallas-Fort Worth-Seagoville area would continue to supply the
D-FWR with these materials in the future.

36. The Dallas-Ft. Worth-Seagoville area deposits, which supplied
the region with 92.6 percent of its total sand and gravel requirement in
1966, have reserves estimated at about 109 million tons, including all
marketable sand. Based on a projection of market demands related to the
new construction index of the future growth of this region, these

reserves are expected to be depleted in about 1980, five years prior to the
beginning of project life. Beyond this point, sand and gravel producers
will seek alternate sources of sand and gravel or suitable substitute

materials in the combinations that will most economically satisfy the
region's future requirements.

37. The probable supply pattern for meeting market demands expected
to exist in 1980, upon depletion of the Dallas-1't. Worth-Seagoville area
deposits, was developed by analyzing the various uses of sand, gravel, and
stone, the production costs of each, and the transportation costs of moving
the materials to market outlets. As discussed in paragraphs 3 and 4,
a synthetic base year 1966 supply pattern was developed for this market,
based on 1966 production figures, and the supply pattern expected to exist
following depletion of the Dallas-Fort Worth-Seagoville area deposits in
about 1980.

38. The market demand as presented in this study is based on data

obtained from industry officials as to the various uses and requirements
of sand, gravel and stone. Of the 12.7 million tons of sand, gravel and
stone produced in 1966, approximately 60 percent or 7.70 million tons were
used in the production 'of concrete or concrete products, while the re-
maining 40 percent or 5.00 million tons were used as sub-base materials,
in asphalt paving, as fill material, and in other non-concrete uses.

39. Uses of sand, gravel and stone.- The production of concrete
generally requires that about 40 percent of the total aggregate consist

of sand, while the remaining 60 percent is coarse aggregate. Thus, in 1966
concrete production in the D-FWR required about 3.0 million tons of sand

and 4.7 million tons of coarse aggregate. The larger part of the coarse

aggregate was furnished by crushed limestone. For quality concrete
production, the primary problem of the major producers in this region is
the location of low-cost concrete quality sand. The 5.0 million tons
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required in 1966 for non-concrete uses consisted of approximately 30
percent or 1.5 million tons of sand and 70 percent or 3.5 million tons
of coarse aggregates.

40. Market supply pattern forthD-NRafter 1980.- Upon depletion
of the Dallas-Ft. Worth-Seagoville area sand and gravel deposits in
about 1980, the most economical source of coarse aggregate will be the
limestone deposits located at Chico-Bridgeport, Palo Pinto and Parker County
areas, while the Brazos River deposits and Trinity River deposits south of
Seagoville will be the most economical source of sand. As with the
Trinity deposits now being worked, the deposits south of Seagoville and
those of the Brazos basin contain 15 to 30 percent gravel ranging up to
3/4-inch size and 70 to 85 percent good quality sand. With the prime
requirement for producing 4.5 million tons of sand, about 1.2 million
tons of gravel will also be produced from these deposits, based on 1966
production amounts. Thus, the supply pattern after 1980 would require a
total of about 8.2 million tons of coarse aggregate, including 7.0 million
tons supplied from the major limestone deposits and 1.2 million tons of
gravel produced with the 4.5 million tons of sand from the natural aggregate
deposits of the Trinity south of Seagoville and those of the Brazos River
north of Waco. Each of the new or existing sources of sand, gravel and
stone that would be expected to supply the future needs of this region
after 1980 without the Trinity waterway are discussed in the following
paragraphs.

41. Trinity River deposits.- The consultant's report presents
estimates of sand and gravel located within the Trinity River flood plain.
Estimates of sand and gravel, south from Kaufman County to the Long Lake
area, range from 2.0 to 3.0 billion tons, with "known" reserves estimated
at 1.0 billion tons. These reserves consist primarily of concrete quality
sand and gravel limited in size to 3/4". The Trinity River deposits
represent a substantial source of these materials and will become a primary
source of sand and gravel 3/4 " or less in size. Without the waterway
these deposits should absorb approximately 40 percent of the market pre-
viously supplied by the Dallas-Ft. Worth-Seagoville area deposits. The
location and extent of these deposits is shown on figure 3, while table
5 shows the distribution of amounts equivalent to 1966 production that
would be expected in a supply pattern of 1980 without the waterway.

42. Chico-Bidgeport area.- The consultant, in his report, estimates
the limestone reserves in this area at over 1 billion tons, which, with respect
to the economic life of the Trinity waterway project, represents an un-
limited supply of limestone. This area will continue to supply the D-FWR
with limestone in the future. With the depletion of the present primary
source of sand and gravel (Dallas-Fort Worth-Seagoville) in 1980, the lime-
stone production is expected to increase in order to provide quality aggregate
to compensate for the decrease of gravel production from Trinity River
deposits. As shown in table 4, the total 1966 production of the Dallas-
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Fort Worth-Seagoville deposits was 6.5 million tons of sand and gravel,
including about 2.3 million tons of gravel. The Chico-Bridgeport
limestone deposits are expected to absorb about 55 percent of the gravel
market previously supplied by the Dallas-Fort Worth-Seagoville area deposits.
The location of this area is shown on figures 1 and 4 and the distribution
of production in 1980 is shown in table 5.

43. Brazos River area.- Five existing deposits of sand and gravel
along the Brazos River, southward from Mineral Wells to Cleburne are
shown on figure 2. Although the- total reserves of this portion of the
river are not known, the best estimates of industry officials indicate
a maximum o2 200 to 220 million tons. There are other deposits located
south of Cleburne to Waco (not shown), wherein known reserves are estimated
at 220 million tons. It is assumed that sufficient marketable reserves of
sand and gravel exist to support production through the year 2035. With
the depletion of the Dallas-Fort Worth-Seagoville sand and gravel in 1980,
and without the Trinity River waterway, the Brazos River deposits are
expected to absorb about 2F percent of the aggregate market previously
supplied by those deposits. About 80 percent of this production would
be in the reach from Mineral Wells to Cleburne, while the remainder would
be southward ,of Cleburne. Table 5 shows the estimated distrubution of
production in 1980.

44. Local production in region.- Upon depletion of the primary
source of sand and gravel in 1980, the smaller prodcers of sand, and
gravel throughout the region can be expected to increase production in
order t^ fill the increased demand. This increase is estimated to be
about 12 percent of the 1966 sand and gravel market previously supplied
by thQ Dallas-Fort Worth-Seagoville area. This production would be approxi-
mately the same with or without the waterway.

451



TABLE 5

DISTRIBUTION OF 1966 SAND, GRAVEL AND STONE PRODUCTION IN D-WR
UPON DEPLETION OF DALLAS-FORT WORTH-SEAGOVILLE

SAND AND GRAVEL DEPOSITS IN 1980
(WITHOUT TRINITY RIVER WATERWAY)

(Millions of tons)

Lime stone Gravel Sand
Source 1966 19196 1980 1966 1980

Limestone

Chico-Bridgeport 309 5.2 -
Palo Pinto-Parker 1.5 1.5 - - -

Local Regional 0.3 0.3 - -

Sand and Gravel

Brazos River - - 0.1 0.3 0.2 1.8
Local Regional - - 0.1 ).4 0.1 0.6
Dallas-Ft. Worth
Seagoville - - 2.3 - 4.2
Trinity River

south of
Seagoville - - - 0.5 - 2.1

TOTALS 5.7 7.0 2.5 1.2 4.5 4.5

FUTURE PRODUCTION OF SAND AND GRAVEL FOR USE IN D-FWR
WITH THE PROJECT CHANNEL IN OPERATION

45. General.- The construction of the Trinity River waterway will
make available to the D-FWR low cost transportation for a portion of
the future reserves discussed in the preceding paragraphs. Sand and gravel
from deposits located in the Brazos River basin or stone production from
the Chico-Bridgeport area would not be moved via the Trinity River. With
the Brazos River reserves between Mineral Wells and Cleburne being located
relatively close to Fort Worth and the Western portion of the D-WR, it
is expected that these reserves will continue to serve an appreciable portion
of the market, even with the Trinity waterway constructed., The waterway
will, however, make available to the D-FWR substantial transportation
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savings for the sand and gravel reserves located along the Trinity River
and for the portion of the market served by the Brazos River deposits
southward of Cleburne. It is expected that a major part of the sand and
gravel market supplied by these deposits will shift to the Trinity deposits
when the waterway is constructed,

460 Trinity River deposits0 - Based on a comparison of transportation
costs, it is estimated that the Trinity River deposits will assimilate about
25 percent of the 1980 Brazos River market shown in table 5. Thus, the
Trinity River deposits will absorb about 24 percent of the total base year
1966 aggregate demand of 12.7 million tons and 48 percent of the 6.5
million tons supplied by the Dallas-Fort Worth-Seagoville area deposits
prior to 1980 The remaining 76 percent of the total demand and 52 per-
cent of the former market of the Dallas-Fort Worth-Seagoville deposits will
be served by the Br.zOs River, Chico-Bridgeport, and local deposits in the
region. Transportation of the sand, gravel, and stone into the D-NR from
these sources would be by rail and truck0

470 ,With the waterway constructed, the expected production in
1985 (based on 1966 market requirements) from the various: deposits is
summarize d in table 6.

TABLE 6

DISTRIBUTION OF 1966 SAND, GRAVEL AND STONE PRODUCTION IN D-FWR
UPON DEPLETION OF DALLAS-FORT WORTH-SEAGOVILLE

SAND AND GRAVEL DEPOSIS IN 1980
(WITH TRINITY RIVER WATERWAY -1985)

(Million of tons)

Limestone Gravel Sand
Source196 1919 12 16 1

Limestone

Chico-Bridgeport 309 502 --
Palo Pinto-Parker 15 l05 0o-
Local Regional 003 0 3

Sand and Gravel

Brazos River 0.1 0.2 0.2 1 -4
Local Regional O l 0.04 0.1 O6
Dal1as-Ft Worth-
Seagoville 203 - 42
Trinity River south
of Seagoville o.6 25

TOTALS 507 70 0 2.5 102, 45 405
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POTENTIAL TRINITY RIVER WATERWAY COMMERCE (D-FwR)

L+8.As shown in table 6, the potential waterborne commerce in
sand and gravel from the Trinity River deposits totals 3.1 million tons of
base year 1966 production. In order to obtain representative transportation
charges and savings for the Trinity River deposits attributable to the
proposed project, the probable port areas that would serve the various
production sites over the life of the project were determined. The
locations of the port areas (Trinidad-Chatfield, Cayuga, and Oakwood-
Long Lake) with respect to the D-FWR market area were used as a basis to
estimate the amounts of production that each deposit would supply to the
market area. Based on 1966 production amounts, with the waterway in
operation, it- was estimated that the Trinidad-Chatfield area would
produce 1.82 million tons of sand and gravel plus an additional 0.35
million tons assimilated Brazos River production. The Cayuga area would
assume production of 0.15 million tons for the Brazos River deposits
and the Oakwood-Long Lake area would produce 0.78 million tons. Table
7 presents a summary of potential waterway sand and gravel commerce accepted
for rate analysis.

TABLE 7

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SUMMARY OF POTENTIAL WATERWAY COMMERCE (D-FWR)

Location Commodity 1966 Production (tons)

Trinidad- Chatfield Sand & Gravel 1,820,000

Trinidad- Chatffield Sand & Gravel 350,000

Cayuga Sand & Gravel 150,000

Oakwood-Long Lake Sand & Gravel 780,000

TOTAL 3,100,000

454



TRAFFIC AALYSIS-TRANSPORTATION CHARGES

49. Destination points.- A central destination point was
established for each regional market, Sims Bayou on the Houston Ship
Channel for the Houston-Galveston Region and Grand Prairie for the
Dallas-Fort Worth Region0

500 Houston-Galveston Region.- Five major producers for the Houston-
Galveston region were interviewed to establish the prospective waterway
traffic pattern for sand and gravel movements into the Houston-Galveston
regional market. Presently, these producers supply 90 percent of the total
sand and gravel requirement for the regional market. These producers
have storage, handling and permanent concrete processing facilities on,
or closely connected with, the Houston Ship Channel, where the materials
are stockpiled prior to processing and/or distribution to various market
outlets. All of the producers stated that sand and gravel downbound
movements on the Trinity River Navigation Channel by barge would be
stockpiled, processed and distributed from these facilities. The
producers have adequate storage space and facilities to handle increased
volumes of this traffic throughout the project life. All producers inter-
viewed stated that sand and gravel would be stockpiled at their present
sites to avoid additional transportation charges which would be incurred
by stockpiling sand and gravel at other than terminal sites0 The plants of
three of the producers are located on the barge channel extension of the
Houston Ship Channel upstream of the Houston turning basin, with the upper
plant being about 4 miles from the turning basin. The other two plants are
located on the ship channel at points about 2 and 7 miles, respectively,
downstream from the tiring basin. The distance to the Galveston area for
Trinity River traffic would be about 25 miles less than the distance to
the Houston turning basin. However, the proportion of traffic to this area
would also be much less. The actual destinations for waterway movement
of sand and gravel would be to the several plant locations 0  However, for
estimating purposes, and to avoid computations involving specific plant
locations,, a point on the Houston Ship Channel near Sims Bayou, about 4
miles downstream from the tarning basin, was selected as a point that
would represent the average water transportation distance for termination
of traffic to all of the plants and was used as the destination point for
traffic analysis of the Houston-Galveston regional market.

514 Dallas-Fort Worth Region0- The prospective traffic pattern
for waterway movements into the Dallas-Fort Worth regional market was
established from information obtained from officials of the Dallas-
Fort Worth sand and gravel industry.

52. With the exception of one plant on the Brazos River southwest of
Fort Worth near Granbry,, the major producers, who produce about 95 percent
of the sand and gravel for this region, have storage and handling and perma-
nent concrete processing facilities located on the Trinity River, between
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Dallas and Fort Worth at distances ranging from 15 to 37 miles west of
Dallas. Two of the plants are located near Grand Prairie, about 23
miles west of Dallas. These facilities would be further developed and
enlarged for stockpiling of material received on the waterway as demand
increases. In a manner similar to that used to select Sims Bayou on
the Houston Ship Channel as a central destination point for computing an
average transportation distance to the various plant locations, the central
destination point of Grand Prairie was established as a point for analysis
of traffic to these facilities for the Dallas-Fort Worth Region.

53. Truck rates.- A uniform truck rate scale for sand and gravel
is nonexistent. However, truck rates were established by analyzing all
truck movements and costs shown on the Corps sand and gravel consultant' s
contact sheets. This information provided actual truck costs from
which two types of truck rates were developed; i.e. one a truck rate
based on charges per ton for a specific range of miles; the other, a
truck rate based on charges per ton mile.

54. Direct contacts with major sand and gravel producers and
trucking firms produced truck rate scales which were in general
agreement with those developed by the Corps. Adjustments were made in
both scales (per ton and per ton mile) as deemed necessary to have
reasonable comparability with specific rates or costs for truck haul in
the sand and gravel industry. Further investigations established that
the truck rate scale, which was constructed on a rate per ton mile basis,
provided lower truck costs and is more representative of the actual
rates paid by the industry. This truck rate scale, used in the traffic
analysis, is shown in table 8.

TABLE 8

CONSTRUCTED TRUCK RATESCALE FOR SANDGRAVEL9 AND SONE

Total charge
Mileage Rate/Ton Mile per ton

omi6 Min. Rate $.50

17-30 $.03 $.51-$.90

31-36 $.90

37-75 $.025 $.93-$1.88

456



55. The average break-point from truck movement to rail movement of
sand and gravel was found to be 70-75 miles. This was developed from
industry contact sheets furnished by the consultant and direct contacts
by Corps' personnel with major producers and trucking firms. The sand
and gravel producers and trucking firms verified the break-point between
the two modes of transportation.

56. Rail rates.- Contact sheets from the consultant and direct
contacts made by Corps' personnel with the industry also provided information
on the present rail transportation movement patterns and charges for sand
and gravel. The rail transportation rate information was correlated with
truck transportation rate information to establish probable modes and costs
of movement for selected origin and destination points based on existing
and potential deposits of sand and gravel. There are no existing rail
movements from the assumed origins to the destination points; therefore,
the rail rates which the Corps' overland rate contractor provided are
constructed rates* The rates developed are joint line rates into the
regional market area and are the lowest available for multi-car movements
of sand and gravel with a minimum car capacity of 90,000 pounds. These
rates are shown on table 9 herein.

57. Barge rates.- Information on the location of major sand and
gravel deposits along the Trinity River as developed in the consultant's
report provided the basis for establishing ports of origin from which
sand and gravel would move to the regional markets of Dallas-.Fort Worth
and Houston-Galveston. The shipping ports on the waterway would be
Urbana, Cayuga, Oakwood, and Trinidad. In the analysis of barge movements,
an average ten mile truck haul from the producing point to the nearest
river port was assumed. This movement provides a representative estimate
of total costs required for each movement.

58. Barge charges for sand and gravel were developed by the Corps
of Engineers. The charges used in the traffic analysis of sand and gravel
are shown in table 10.

59. Handling charges.- Sand and gravel producers and shippers through
interviews with the consultant and Corps of Engineers' personnel, indicated
that a handling charge is added to all rail and truck movements of sand
and gravel. This handling charge amounts to $0.10 per ton for loading
and $0.10 per ton for unloading for a total charge of $0.20/ton. For
this traffic analysis an additional charge of $0.10/ton was added for

the transfer of sand and gravel from truck to barge, and from truck to rail.

Therefore, the total handling charge for these movements is $0.30/ton.
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TABLE 9

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

CONSTRUCTED RAIL CHARGES FOR SAND, GRAVEL, & LIMESTONE

Minimum
Weight

Origin Destination Rate (Pounds)

Urbana Sims Bayou H. S. C. $1.28 N. T. 90,000
Midway $1.75 N. T. 90,000
Oakwood $1.97 N. T. 90,000

Victoria I " i " " $1.60 N. T. 90,000

Cuero " " " " $1.79 N. T. 90,000

Hochheim* " i it " $1.83 N. T. 90,000

Gonzales " " "" $1.79 N. T. 90,000

Seguin " " " $1.83 N. T. 90,000

La Grange " " " " " $1.60 N. T. 90,000

Bastrop"" $1.88 N. T. 90,000
Austin " " i" " " $2.02 N. T. 90,000

Marlin" " " " " $1.97 N. T. 90,000

Hearne " " " " " $1.60 N. T. 90,000

Riverside" " " " " $1.23 N. T. 90,000

Trinidad Grand Prairie $1.52 N. T. 90,000

Oakwood " ~ $2.11 N. T. 90,000

Waco " $1.-46 N. T. 90,000

Laguna Park* " "$1.96 N. T. 90,000

Morgan $1.96 N. T. 90,000

Granbury" " $1.28 N. T. 90,000

Santo " " $1.31 N. T. 90,000

Mineral Wells" " $1.23 N. T. 90,000

Cayuga ""$1.60 N. T. 90,000

* No rail service at present time rates are constructed.

NOTE: Tariff Authority for all rates shown is TLFB 84-1 Item 480.

SOURCE: Rate contractor for The Corps of Engineers.



TABLE 10

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

BARGE CHARGES FOR SAND AND GRAVEL

UPBOUND

Destination

Grand Prairie

Grand Prairie

Grand Priarie

Grand Prairie

Grand Prairie

Dallas

DOWNBOUND

Houston

Houston

Houston

Houston

Houston

Beaumont

SOURCE: U. S. Army, Corps of Engineers
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97-086 0-68-30

Rate

$055

$.64

$.79

$059

$053

Origin

Trinidad

Oakwood

Midway

Urbana

Cayuga

Cayuga

Trinidad

Oakwood

Midway

Urbana

Victoria

Urbana

to

to

to

to

to

to

to

to

to

to

to

to

$o95

$.85

$.4

$«55

$l.15

$1.15



ANALYSIS OF BENEFITS

60. Analysis criteria.- The analysis of transportation savings is
based on the following:

a. The regional "destination point" is the representative
storage area for the major sand and gravel producers in each region.

b. A handling charge of $0.20 is included on all truck and
rail movements to cover loading and unloading costs An PAditional
.$0.10 is included in truck-barge and truck-rail movements to cover the cost
of the additional handling.

c. A $0.50 transportation charge was added to all rail, truck,
and barge movements to cover the costs of an average 10 mile truck haul
from the producing point to the nearest rail head or port.

d. In order to determine the minimum savings that would be
required to induce sand and gravel producers to divert operations to
the Trinity River deposits, the major producers in each region were
interviewed. The concensus of the industry representatives was that
several factors must be considered prior to diverting operations to a
new production site. These factors include the various combinations
of transportation and production costs and the capital costs involved
in the physical relocation of the plant. An analysis of each deposit
would be required in order to determine the production costs and
whether these costs, in combination with transportation costs, would
result in competitive market prices for the material produced at a
particular site. The industry personnel indicated that assuming
equal production costs at each site, a transportation.savings of about
$0.50 per ton would be required to defray the capital costs involved
in the actual relocation of the producing plant. Therefore, for this
analysis, truck-barge movement with unit savings of less than $0.50
were eliminated for insufficient savings.

61. Method.- The analysis of sand and gravel transportation savings
via the Trinity River was the computed difference between the total
transportation costs of existing transportation modes and the transportation
costs of truck-barge transportation from producing points to distribution
points in the H-GR and D-FWR. Where there is no existing transportation
mode, a comparison was made on the basis of the most logical alternate
without water transportation. Transportation costs by appropriate modes
were developed for alternate sources of sand and gravel throughout the region
to determine the lowest-cost source of these materials to the markets, to
serve as a basis for estimating waterway commerce from Trinity River deposits.
For the commerce finally accepted as prospective for the waterway, benefits
were computed by multiplying the unit savings per ton by the prospective
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tonnage at each port of movement to obtain the total savings creditable
to the waterway for the base year (1966) traffic. The method used in
determining the transportation savings creditable to the waterway is
illustrated in figure 5. In applying this method to the individual
deposits along the Trinity, savings ranging from $0.61 to $0.97 per ton
were found in waterway movement from deposits in four port areas.
The movements of sand and gravel from the Trinidad-Chatfield deposits
to Grand Prairie were found to have a waterway movement savings of $0.97
per ton while movements for the Cayuga area to Grand Prairie were found to
have savings of $0.87 per ton, when compared to a rail movement from
deposits in the Brazos basin south of Cleburne The movement of gravel from
the Urbana-Romayor area to Houston was found to have a waterway movement
savings of $0.61 per ton, compared with rail from Colorado River deposits
as an alternate source. The estimated barge rate from Victoria to
Houston would indicate a savings of only $0.60 per ton for the waterway
movement from Urbana. However, since the barge rate from Victoria is a
constructed rate, it is considered more appropriate to use the actual
and published rate for the Columbus-Eagle Lake rail movement as an
alternate. Accordingly the $0.61 savings was used to compute benefits from
waterway transportation from the initial year of the project 1985 through
the year 2000, when the Colorado River deposits south of La Grange are
estimated to be depleted. At that time the least costly alternative would
be truck transportation from the Trinity River Urbana deposit. Accordingly,
from the year 2000 to the end of the project life in 2035, a waterway
movement savings of $0.63 per ton compared with truck from the Urbana
deposit was used to compute savings. Computation of savings by this method
is predicated upon economic depletion of the Guadalupe reserves south of
Cuero and those of the Colorado south of La Grange in the year 2000. It
is possible, of course,, that the actual depletion date could be extended
if the Guadalupe and Colorado reserves have been underestimated. To deter-
mine the effect 'that this might have on the economic analysis, a computation
was made assuming unlimited reserves on both the Guadalupe and Colorado,
which would limit transportation savings on the Urbana sand and small
gravel movement to $0.61 per ton throughout the project life. The total
effect of this assumption would reduce the average annual equivalent benefits
by about $167,000, which is considered negligible. Prospective commerce
was accepted for the latter four movements, since the estimated savings
exceeded the $0.50 per ton criterion required to attract the movements
to the waterway.

62. Benefits.- Table 11 shows a s ary of the tonnages of sand and
gravel accepted as prospective commerce, the unit and total savings by
waterway transportation, and the least costly alternate source and/or mode.
The base year 1966 prospective commerce totals 5.2 million tons of sand
and gravel, with total estimated benefits of $4,66,000.
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TABLE 11

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SU&XARY OF 1966 BASE YEAR BENEFITS

Prospective Unit Total Alternate source
Movement commerce (tons) savings savings and/or mode

To H- GR(S_msBayou)

From: Urbana 2,100,000 $0.61 $1,281,000 Colorado River-.
rail

To D-FWR .(Grand Prairie)

From: Trinidad 2,170,000 0.97 2,105,000 Truck-rail
Cayuga 150,000 0.87 131,000 Brazos River/

truck-rail
Oakwood 780,000 1.47 1,147,000 Truck-rail

Totals 5,200,000 $4,664,000
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Figure 5
TRINITY RIVER AND TRIBUTARIES, TEXAS

NAVIGATION PROJECT
REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY
TRAFFIC ANALYSIS

RATE ANALYSIS SHEET Sheet 1 of 6
TRAFFIC SURVEY FOR TRINITY RIVER RESTUDY

Commodity: Sand Annual tonnage: 2,100.000 tons
(short tons)

Origin: Urbana-Romayor Area Destination: Houston (Sims Bayou)

Plant to dock 10 Miles Dock to plant 0 Miles

1) Existing rate ( il) (truck) 7/ *71 8 l7b N.T.

LOWEST AVAILABLE ROUTE

Item Port : Miles : Carrier : Rate per N.T.
H) Rate to 1st port Columbus-Eage Lake 0.5 : :0 

Area
Port-to-port (Via ):R : 1.16

(3) Rate frota 2d port Houston (Sims Bayou)

Constant factor

Handling charge 3 @ $0.10 .30

Switching charge

Other (specify)

TOTAL $ -1.96

TRINITY RIVER ROUTE

Item zrt, : Miles : Carrier Rate per N.T.
()Rate to 1st port :Urbana-Romayor Area : 10 : T : $ 0.50

Port-to-port (Via) :_B 0.55

(5) Rate from 2d port :Houston (Sims Bayou)

Constant factor

Handling charge : 3 @ $0.10 0.30

Switching charge :

Other (specify) :

TOTAL :$ 1.35

REMARKS: Unit Savings Z U-61 N.T.

Authority for rates: Total Savings $ 1,281,000
*Include s aver. 10 mile truck haul

463



COIRADO RIVER ROUTE

Item: Port : Miles : Carrier: Rate per N.T.

(1) Rate to 1st port :
Columbus-Eagle Lake 10 T 0.50

(2) Port-to-port : .
:_(Via________

(3) Rate from 2d port:H() :
. Houston (Sims Bayou)

Constant factor :

Handling charge : 3 @ $0.10 .30

Switching charge :

Other (specify) :__

TOTAL.
GUADALUPE RIVER ROUTE

Item : Port : Miles : Carrier: Rate per N.T.
(1) Rate to 1st port

.Victoria Area . 10 : T : .50

(2) Port-to-port
B(viaB1.15

(3) Rate from 2d port:
C Houston (SimsBayou)

Constant factor:

Handling charge : 3 @ $0.10 .30

Switching charge

Other (specify)

TOTAL -1.95
TRINITY ROUTE

Item : Port Miles : Carrier: Rate per N.T.
(1) Rate to 1st port

Urbana-Romayor

(2) Port-to-port : Area
(via__: T 1.78

(3) Rate from 2d port:
HoustonSimsBaV 2 :_ _____

Constant factor

Handling charge :2 @ $0.10 : .20

Switching charge

Other (specify) :s_
TOTAL * 198.
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Figure 5 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY
TRAFFIC ANALYSIS

RATE ANALYSIS SHEET Sheet 2 of 6
TRAFFIC SURVEY FOR TRINITY RIVER RESTUDY

Commodity: Sand Annual tonnage: 2,600,000 tons
(short tons)

Origin: Urbana:-Romayor Area Destination: Houston Tex (Sims Bayou)

Plant'to dock 10 Miles Dock to plant 0 Miles

( Existing rate truck / *71 1.78 N.T.

LOWEST AVAILABLE ROUTE

Item : Port : Miles : Carrier Rate per N.T.
) Rate to 1st port : Urbana__

Port-to-port : (Via : 1 78

(3) Rate froo 2d port : Houston (Sims Bayou:

Constant factor

Handling charge

Switching charge

Other (specify)

TOTAL

2 @ $0.10

N-I

"

" .20

"

"

" $ 1.98

Item " zrt :"
() Rate to let port :Urbana-Romayor Area :

Port-to-port (Via

(5) Rate from 2d port :Houston(SnimsBayou
Constant factor

Handling charge 3 @ $0.10

Switching charge

Other (specify)

TarAL

REMARKS:

Authority for rates:
*Include s aver. 10 mile truck haul

(1)

ROUTEA

Miles : Carrier : Rate per N.T.
10 T :. 0.50

0 0.55

.30

1.35

Unit Savings .3 N.T.

Total Savings $ 1,638,000*
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TRINITY RIVER ROUTE

Item : Port : Miles : Carrier: Rate per N.T.

(1) Rate to 1st port : :
:Urbana :10 : T ; .50

(2) Port -to -port :
(Via ): R 1.28

(3) Rate from 2d port:
-Houston (Sims Bayou)

Constant factor
Handling charge 3 @ $0.10 .30

Switching charge

Other (specify)
TOTAL -

CQWRADO RIVER ROUTE

Item : Port : Miles : Carrier: Rate per N.T.
(1) Rate to 1st port

: La Grange : 10 : T . 0.50
(2) Port-to-port

(Via)R : 1.60
(3) Rate from 2d port:

:Houston (Sims Bayou)

Constant factor
Handling charge : 3@ $0.10 ; .30

Switching charge

Other (specify)

TOTAL $ 2.40
GUADALUPE RIVER ROUTE

Item Port : Miles : Carrier: Rate per N.T.
(1) Rate to 1st port

: Cuero, Texas . 10 : T : .50
(2) Port -t o -port:

(Via ) : R 1.79
(3) Rate from 2d port:-

:Houston (Sims Bayou) :__
Constant factor :
Handling charge 3@ $0.10 . .30

Switching charge

Other (specify) __

TOTAL
S2.59
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Figure 5 (Cont'd)

TRINITY RIVER ATE TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY
TRAFFIC ANALYSIS

RATE ANALYSIS SHEET Sheet 3 of 6
TRAFFIC SURVEY FOR TRINITY RIVER

Commodity: Sand and Gravel Annual tonnage: 1,820,000 tons
(short tons)

Origin: Trinidad-Chatfield Area Destination: Grand Prairie

Plant to dock 10 Miles Dock to plant 0 Miles

(1 Existing rate (,kL ) (truck) 9i2f.)/ * 9N.T.

LOWEST AVAILABLE ROUTE

Item : Port : Miles : Carrier : Rate per N.T.
23 Rate to 1stport : Trinidad : 10 : T :' .50

Port-to-port :(Via : R 1.52

(3) Rate frota 2d port : Grand Prairie

Const'an factor

Handling charge 3 $0.10 .30

Switching charge

Other (specify)

TOTAL

TRINITY RIVER ROUTE

Item xr : Miles : Carrier : Rate per N.T.
()Rate to let port- Trinidad: 10 : T : .0

Port-to-port (Via Trinity -Y__

(5) Rate from 2d port Grand Prairie

Constant factor

Handling charge 3 $0.10 .30

Switching charge

Other (specify)

TOTAL

REMARKS:

Authority for rates:
*Includes aver. 10 mile truck haul

(1)

$ 1.35

Unit Savings , 97 N.T.

Total Savings $ 1,765,000
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TRINITY RIVER ROUTE

Item : Port : Miles : Carrier: Rate per N.T.
(1) Rate to 1st port

Trinidad

(2) Port-to-port8
(Via*89 T $2.23

(3) Rate from 2d port:
Grand Prairie

Constant factor :

Handling charge : 2 @ $0.10 .20

Switching charge

Other (specify)

TOTAL 2.43
ROUTE

Item Port Miles : Carrier: Rate per N.T.
(1) Rate to 1st port

(2) Port-to-port
: (Via).

(3) Rate from 2d port:

Constant factor
Handling charge

Switching charge

Other (specify)

TOTAL
ROUTE

Item :. Port : Miles : Carrier: Rate per N.T.
(1) Rate to 1st port

(2) Port-to-port :
" Via )

(3) Rate from 2d port:

Constant factor

Handling charge

Switching charge

Other (specify)

TOTAL
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Figure 5 (Cont' d)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY
TRAFFIC ANALYSIS

RATE ANALYSIS SHEET Sheet L of
TRAFFIC SURVEY FOR TRINITY RIVER

Commodity: Sand and Gravel Annual tonnage: X50,OOO tons
(short tons)

Origin: Trinidad-Chatfield Area Destination: Grand Prairie

Plant to dock 10 Miles Dock to plant 0 Miles

(T) Existing rate (*iLZ) (truck)( W ') *89 Miles " 2.23 N.T.
Rail Rate : 1.52

LOWEST AVAILABLE ROUTE

Item Port : Miles : Carrier Rate per N.T.
(2) Rate to 1st port : Trinidad-Chatfield~: 1 : .50

Area
Port-to-port : (Via J : R 1.52

(3) Rate frowo 2d port : Grand Prairie :

Constant factor

Handling charge

Switching charge

Other (specify)

TOTAL

: 3 @ $0.10 .30

2.32

TRINITY RIVE

Item : Port
(&) Rate to let port Trinidad, Tex

Port-to-port : (Via Trinity )

(5) Rate from 2d port : Grand Prairie

Constant factor

Handling charge : 3 @ $0.10

Switching charge

Other (specify)

TOTAL

REMARKS:

Authority for rates:

) *Includes aver. 10 mile truck haul

R ROUTE

Miles :Carrier Rate per N.T.
10 T :$ .50

B .55

.30

$ 1.35

Unit Savings $ ,97 N.T.

Total Savings $ 340,000
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BRAZOS RIVER ROUTE

Item : Port Miles : Carrier: Rate per N.T.
(1) Rate to 1st port :

Morgan, Tex : 10 : T : .50

(2) Port -to -port :
fm: jJ : : R . 1.96

(3) Rate from 2d port:
Grand Prairie

Constant factor :

Handling charge : 3 @ $0.10 .30

Switching charge

Other (specify)

TOTAL$ .

BRAZOS RIVER ROUTE

Item . Port : Miles : Carrier: Rate per N.T.
(1) Rate to 1st port

Morgan, Texas :

(2) Port-to-port
:(Via ) : * 92 : T 2.30

(3) Rate from 2d port:
Grand Prairie

Constant factor

Handling charge : 2 @ $0.10 .2U

Switching charge

Other (specify) :_: _ _2 .5_

TOT'AL $2.50
TRINITY RIVER ROUTE

Item Port Miles : Carrier: Rate per N.T.
(1) Rate to 1st port

:Trinidad : 10 : T : S

(2) Port-to-port :
_(Via_:_ R 1.52

(3) Rate from 2d port:
Grand Prairie

Constant factor
Handling charge 3 @ $0.10: .30

Switching charge

Other (specify) :

TOAL2.32
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Figure 5 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY
TRAFFIC ANALYSIS

RATE ANALYSIS SHEET Sheet 5 of 6
TRAFFIC SURVEY FOR TRINITY RIVER

Commodity: Sand and Gravel Annual tonnage: 150,000 tons
(short tons)

Origin: Cayuga, Texas Area Destination: Grand Prairie

Plant to dock 10 Miles Dock to plant 0 Miles

(1) Existing rate %i%4tiJ (truck) (fI4,ff/ Mileage *111 3 2.78 N.T.
Rail Rate: 1.60

LOWEST AVAILABLE ROUTE

Item : Port : Miles : Carrier : Rate per N.T.
(2) Rate to 1st port : Waco, Tex 10._: ' .50

Port-to-port : (Via : : R : 1.46

(3) Rate froa 2d port : Grand Prairie

Constant; factor

Handling charge :3 @ $0.10 .30

Switching charge

Other (specify)

TOTAL

ROUTE

Item :Prt Miles Carrier Rate per N.T.
(4) Rate to lt port : Cayuga, Texas 10 T : $ .50

B .59
Port-to-port (Via )_-_B_.59

(5) Rate from 2d port : Grand Prairie

Constant factor

Handling charge 3 @ $0.10_ _ .30
Switching charge

Other (specify)

TOTAL

REKMK:

Authority for rates:
*Includes aver. 10 mile truck haul

(1)

$ 1.39

Unit Savings $.H.T.

Total Savings $ 131,000
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BRAZOS RIVER ROUTE

Item Port : Miles : Carrier: Rate per N.T.

(1) Rate to 1st port :
:Waco :_10 _ T : .50

(2) Port-to-port ::
(Via R 1.46

(3) Rate from 2d port:
" Grand Prairie

Constant factor
Handling charge 3 @ $0.10 .30

Switching charge

Other (specify)

TOTAL

BRAZOS RIVER ROUTE

Item : Port : Miles : Carrier: Rate per N.T.

(1) Rate to 1st port
Waco : 116 : T :

(2) Port-to-port
(via): 2.90

(3) Rate from 2d port:
Grand Prairie :

Constant factor :

Handling charge : 2 @ $0.10 .20

Switching charge

Other (specify)

TOTAL $ 3.10
TRINITY RIVER ROUTE

Item: Port : Miles : Carrier: Rate per N.T.
(1) Rate to 1st port

Cayuga, Tex : 10 : T : .50

(2) Port -to-port
: (Via ): R : 1.60

(3) Rate from 2d port:
Grand Prairie :

Constant factor :

Handling charge :3 @ $0.10 : .30

Switching charge

Other (specify)
TOTAL 2.40
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Figure 5 (Cont'd)

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

SAND, GRAVEL, AND STONE STUDY
TRAFFIC ANALYSIS

RATE ANALYSIS SHEET Sheet 6 of 6
TRAFFIC SURVEY FOR TRINITY RIVER

Commodity: Sand and Gravel Annual tonnage: 780,000 tons
(short tons)

Origin: Oakwood-Long Lake Area Destination: Grand Prairie

Plant to dock 10 Miles Dock to plant 0 Miles

1) Existing rate 4I4 (truck) {/ i/ ~y *135 Miles 3.3 N.T.
Rail Rate: 2.11

LOWEST AVAILABLE ROUTE

Item : Port : Miles : Carrier,: Rateper N.T.
()Rate to 1st port : Oakwood : 0;T .5 .0

Port-to-port (Via R 2.11

(3) Rate froto 2d port : Grand Prairie

Constan. factor

Handling charge : 3@ $0.10 .30

Switching charge

Other (specify)

TOTAL $ 2.91

ROUTE

Item Por$ : Miles : Carrier : Rate per N.T.
(4) Rate to 1st port - Oakwood 10 : T : $ .50

Port-to-port (Via B6 __

(5) Rate from 2d port Grand Prairie

Constant factor

Handling charge : 3 @ $0.10 .30

Switching charge

Other (specify)

TOTAL

REMARKS:

Authority for rates:
*Includes aver. 10 mile truck haul

(~l)

:$ 1.44

Unit Savings ' l.47 N.T.

Total Savings $ 1,149,000
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TRINITY RIVER ROUTE

Item Port Miles :'Carrier: Rate per N.T.
(1) Rate to 1st port

Oakwood

(2) Port-to-port
(Via ) :*135 : T : 3.38

(3) Rate from 2d port::
Grand Prairie

Constant factor :

Handling charge : 2 @ $0.10

Switching charge

Other (specify)

TOTAL $ 3.b

ROUTE

Item : Port Miles : Carrier: Rate per N.T.
(1) Rate to 1st port

(2) Port-to-port
:(Via

(3) Rate from 2d port:

Constant factor :

Handling charge

Switching charge

T Other (specify)

ROUTE

Item Port : Miles Carrier: Rate per N.T.
(1) Rate to let port

(2) Port-to-port

(Via
(3) Rate from 2d port;

Constant factor
Handling charge

Switching charge

Other (specify)

TOTAL
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634 Projected reguit nents for sand and gravel.- The projected
requirements f6r sand and gravel in the major consuming regions w4thin
the Trinity River tributary area ,re based on the predicted performance of
th index of value of new construction contracts. The predicted growth
factors were used to estimate the total sand and gravel requirements
of each region throughout the 50-year project life. Table 12 sumqiarizes
the estimates of annual tonnages and transportation savings to be derived
from movement of sand and gravel on the waterway for selected years during
the project life.

TABLE 12

StWARY OF ESTIMATED SAND & GRAVEL ANNUAL TONNAGES
AND SAVINGS FOR SELECTED YEARS DURING PROJECT LIFE

Prospective Base
waterway Transportation year
commerce savings growth

Year (in thousands) (in thousands) factor

1966 5,200.0 (1) $ 4,664.0 (1) 1.000
2.012

1985 10,462.0 9,384.0
3.375

2000 19,238.0 16946,0
4.813

2910 27,434.0 2466.0
6.855

2090 39,0740 34,41960
1.735

9035 66,890.0 58,92loO

(1) Base year tonnage of 5,200,000 and savings of $4,664,000 were
used to coihpute tonnage and savings to the year 2000 and 5,700,000
tons and $5,021,00 savings were used to compute tonnage and
savings from 2000 to 2035. (See par. 28).

64. The total benefits attributable to the waterway project at the
beginning of project life in 1985, as shown in table 13 are estimated
to be $8,859,000. The benefits to be derived from future sand and gravel
traffic during the 50-year project life from 1985 to 2035, were estimated
in accordance with the formula and procedures described in EM 1120-2-118,
Appendix II and Senate Document 97, 87th Congress. An interest rate of
3.25 percent was used to reduce the total future benefits to an average
annual equivalent benefit of $12,804,000 for the project life period.

475

97-086 0-68-31



Summary of benefits.- The total average annual. equivalent
attributable to the Trinity River waterway from savings
from sand and gravel shipments is estimated at, $22,188,000
in table 13.

TABLE 13

SUI@iARY OF BENEFITS

Benefits from
Transportation Savings

Beginning of Project
Life 1985

Future Sand & Gravel
Movements

Total Average Annual
Equivalent Benefits

$ 9,384,00O

$12,8011,000

$22,188,000

66. These benefits are based on the total accepted tonnage .of
5.2 million tons of sand and gravel with transportation savings of
$4,664,000 in the base year 1966. Of this 5.2 million tons, 2.1 million
tons would be transported downbound to the Houston-Galveston Region
concurrently with 3.1 million tons transported upbound to the Dallas-
Fort Worth Region.
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I. SUMMARY - CONCLUSIONS

In summary and conclusion, in terms of potential iron-and steel-
related commodities that would develop as traffic on a multi-purpose
Channelized Trinity, this study has demonstrated the following:

1. The Trinity Economic Impact Area is one of the nation's
fastest developing regions and, lest this growth be stifled, the
area will require increasing transportation facilities to
accommodate and move her goods.

2. The Study Area is now a major iron and steel production
and market axis and promises to more than double in these
activities within the next twenty years.

3. That although oil field iron and steel equipment and
supplies will constitute an important segment of Trinity
Waterway Traffic this category is not now, nor ever will be,
as important as iron and steel for construction, contractors'

goods and manufacturers' needs. These latter are the real bases
for much of the iron and steel tonnage that will move on the
channelized Trinity.

4. The primary steel industries of the Trinity Economic
Impact Area are already impressive and these will double
within the next five to ten years; and, of all the iron and
steel commodities, scrap holds the promise of greatest tonnage.

5. The total of present-day iron and. steel commodities that
could be expected to move on a channelized Trinity is 1,344,512
net tons. By 1985 this corresponding figure will be 2,858,610.
By the year 2000, this figure will be 4,196,111; and by 2035
the figure will be 8,366,618 net tons.

6. The chief iron and steel commodities in terms of future
volume will be: (1) iron and steel for manufacturing;
(2) scrap (ferrous); and, (3) construction and contractors'
iron and steel (see Table 31-A).

7. Total iron and steel tonnage projected for a channelized
Trinity are:

1965 -- 1,376,048
1985 -- 2,789,106
2000 -- 4,073,737
2035 -- 8,467,547

8. The impact area of a channelized Trinity is in reality all
of the Southwest, especially to include Houston. But for
purposes of this study the area has been delimited as shown on
Map 5.
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II, SCOPE OF WORK OR PREFACE

This report is a study of the present movements of iron -and
steel and their products that are consumed in the area of influence

of the Trinity River navigation project, and determination of trans-
portation modes of these commodities that would be developed in the
event that a channelized Trinity River might become a reality.
However, especially in regard to iron and steel products, the
criteria of least transportation cost does not usually dictate how

these commodities will be moved.

In fact, the latter factor is sufficiently acute that most
iron and steel producers are in favor of the status quo. Significantly,
however, most of the great numbers of their customers,, and therefore,
in turn, the ultimate consumers of iron and steel items are more
likely to benefit, cost-wise, from lower transportation costs.
Obviously, these factors must be presented in setting the stage for
an understanding study of possible movements of iron and steel
products on a channelized Trinity River.

The logic behind iron and steel mills' (the basic producers--
not users) resistance to additional water transportation is based
on two main factors. First, and the most obvious, land-locked mills,
or those not in a position to use water navigation dislike seeing their
competitors with a cost advantage. Second, and. probably of far
greater importance, is the equalization factor. Equalization is
deeply imbedded in the philosophy of the steel industry. The
mechanics in principle are. simple. Under the system, iron and steel
prices at any given delivery point are uniform--regardless of where
the iron and/or steel are "shipped from." In practice, however,
primarily in the area of transportation costs, the system can become
complex and difficult for the outsider to understand. This is
especially true today when some mills ship via one mode of trans-
portation and equalize against another. In addition, secondary
competition forces the equalization of small-lot shipments against
high-volume minimum weights.

To illustrate this latter problem, Dallas, Texas, is currently
controlled by Lone Star Steel Company of. Daingerfield,, Texas, on
pipe. This pipe has a mill base of approximately $220 per ton
plus a mark-up of $10.00 per ton, plus truck freight of $9.10 per
ton,, minimum 30,000 pounds. 1  A'barge rate from the Pittsburgh area
of anything less than $19.10 would make Eastern Mills plus the '
barge rate controlling (the current 600-ton barge rate to Houston

1 Railroad Commission of Texas 6-H, IT 220 (137.8 miles).
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is $10.072 and to Corpus Christi, $11.853--this latter might reason-
ably be expected to apply to Dallas). Pittsburgh area truck rates
on iron and steel are prohibitive; the corresponding rail rate to
Dallas is $24 .0 0 4 ($1.20 per C. W. T., minimum 70,000 pounds). Thus,
all mills now must sell in 30,000 pound quantities at a total price
of $239 per ton. If barge rates were established at $11.85, all
mills would sell at $231.85 regardless of how it was shipped to the
customer--barge, rail, or truck--or how much it cost to produce.

Thus, the problem evolves into a simple matter of economics;
iron and steel prices are based on the lowest of mill price, plus
mark-up (if any), plus the lowest cost method of transportation
from the low-cost mill. Secondary competition has forced small-lot
deliveries on high-volume rates with actual movement via higher-cost
carriage. In actual practice, a steel company equalises against
itself and secondary competition in many instances. As a result,
steel companies are not interested in lower cost transportation
which, in turn, costs them in added absorptions.

La ioa ad, , j opposition, , a gera numbers( iron
DAg isdL Mill stomer s ,the Trinity River area g inluecead,,

ka s; hea, isr. eav n reater numbers f customers, . y~f kUaWiu km
A lJ5id. ,9r j( rod cers, homogeneous prdg k t ,a
oliaocolistic industry with administered esgA, Lar angu . .
aerEi their mrkets throu gh the. dium lower-cost transportation.

The significance of these two contrasting groups in regard to
this study has been two-fold: (1) excellent cooperation on the
part of interested iron and steel.users, and (2) a paucity of
cooperation and data on the producers of iron and steel. In total,
however, the report has engendered sufficient data to provide
meaningful projections and the findings are presented in the summary-
conclusion section of Tje Rort.

2ltem 4360, Federal Barge Line, Inc. Tariff 229-N, 3. I.
Stroble, Zo-ls.

jajg., Item 4325.
4 S outhwestern Lines Tariff.
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III THE REPORT

A. Introduction

The organization of the main body of this report is based on
the provisions listed in Appendix A - Iron and Steel Special Study.
Essentially, the report consists of two main sections: (1) Iron and
Steel Products Relative to the Proposed Trinity River Development;
and (2) Iron and Steel Production Relative to the Proposed Project0
Within each section are sub-sections dealing with: (a) interview
information; (b) present sources of supply of iron and steel products
and/or raw materials; and (c) projections of future traffic. And,
within the section on iron.and steel products, there is a sub-section
dealing with the relative use of iron and steel products in the oil
and gas industry as compared with other categories of iron and steel
consumers, such as construction and/or fabricators In addition,
each of the two main sections contain introductory background
material and summary sub-sections on savings in transportation costs
to be obtained in iron and steel couuodity movements using the
proposed waterway as compared with alternative routes and rates.

B. Iron and Steel Products Relative to a Trinity River Navigation
Channel

Background. An important part of this study is to ascertain
and identify the manufacturers using iron and steel in the Trinity
River area of influence, their customers and ultimate users of
their manufactured goods and their sources of supply. And, at the
same time, to identify those industries and people in the Trinity River
Area having an interest in the development of a channelized Trinity
in terms of the area's iron and steel economy. The data presented
in Table 1 indicates that the iron and steel oriented industrial
plants account for 34.9 per cent of manufacturing employment
in all of Texas and 29.8 per cent of all value added by manufacturing
within the state.

The, significance of the above percentages is further enhanced
by the fact that two-thirds of the nearly 3500 iron and steel
oriented plants in Texas are aligned in close proximity to the
Trinity or connecting Intracoastal arteries. Indeed, more than
50 per cent are in the Harris, Tarrant and Dallas Counties-- located
at either terminous of the proposed Trinity River Channel.

In terms of growth, both categories reflected an 80 per cent
increase over the same set of data as reported in the 1954 census
totals. In terms of manufacturing employment, the iron and steel
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related classifications contain five times the number employed in the
"Petroleum Refining and Related Industries," (See Table 3).

The 1963 Census of Manufacturing reflected an 80 per cent
increase in the Houston-Dallas Standard Metropolitan Statistical
Areas in value added by manufacturing over the 1954 census totals.
Even after allowing for inflationary and price trends this is a most
impressive figure and indicates the sizeable and basic stature
of the iron and steel industries at either end and along the proposed
Trinity route.

Water transportation is a principal channel of supply because
of significant cost advantages inherent in Houston's access to
some 60 per cent of the population of continental United States by
the inland waterway system and/or major deep-sea port. Economy
of water transportation extends to all-rail movements from the East
in water-compelled rail rates. that for the most part give Houston
much lower transportation costs than apply from the East to interior
Southwestern points.5

Domestic mills operate their own deepsea vessels for coastwise

movements and utilize proprietary and for-hire barge movements over
the inland waterways. Foreign steel movements into Port of Houston
have increased substantially in recent years.

Importance of import, inbound coastwise and inbound barge
tonnages to the growing status of Port of Houston as a general-
cargo port is indicated in Table 4: Whereas the eight-year span
(1957-1964 inclusive) saw total port tonnage increase by 7.7 per
cent, total foreign tonnage increased by 18.2 per cent, import
foreign tonnage jumped 78.1 per cent, inbound coastwise tonnage
increased 57.3 per cent and inbound barge tonnage over the Inland
Waterways increased 73.3 per cent. Preliminary data for 1965 and
1966 continue these trends.

5ICC Docket No. Mc-C-1891, July 28, 1966.
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TABLI 1

SIGNIFICANCE OF IRON AND STEEL

IN THE

ECONOMY OF THE TRINITY RIVER AREA

Employment

Industrial Plants--all Texas

SIC1

Primary Metals
Fabricated Metal Products (except

ordnance, machinery & Transportation

equipment)
Machinery (except electrical)

Electrical & Electronic Machinery,
Equipment and Supplies

Transportation Equipment

Total Iron and Steel Oriented

Industries in Texas

508,539

27,906

33,180
41,281

25,454-
49,868

177,689

Per Cent

100.0

5.5

6.5
8.1

5.0
9.8

34.9

Value Added by
Manufacturing

$7,053,797,000

381,757,000

312,763,000
501,640,000

295,649,000
609,822,000

$2,101,631,000

Per Cent

100.0

5.4

4.4

7.1

4.1
8.6

29-.6

SOURCE: Escott, Florence. 1965 Industrial Atlas of Texas; Bureau of Business Research, University of Texas,

Austin, Texas, 1965.

1For purposes of offering a conservative picture of the place of iron and steel relative to all industrial

plants such categories as professional, scientific, and controlling instruments; photographic and optical goods;
watches and clocks and miscellaneous manufacturing industries, including ordnance and accessories have been

omitted.
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TABLE 2

PERCENTAGE OF IRON AND STEEL ORIENTED INDUSTRIAL PLANTS

IN ALL OF TEXAS WHICH ARE IN COUNTIES

RIPARIAN TO THE TRINITY RIVER OR INTRACOASTAL CANAL

Industrial (SIC) Category Total No. in No. in Tarrant, Per Cent No. in Riparian Per Cent
All of Texas Dallas and or SMSA Counties

Harris Counties

Primary Metal 222 119 53.6 145 65.3
Fabricated Metal Products, except
ordnance, machinery & Transportation
Equipment 1,404 710 50.1 850 60.5

Machinery, except Electrical 1,188 619 52.1 722 60.8
Electrical & Electronic Machinery,
Equipment and Supplies 298 190 63.8 211 70.8

Transportation'Equipment 381 172 45.1 223 58.5

Totals 3,493 1,810 51.8 2,151 61.6

SOURCE: Escott, Florence. 1965 Industrial Atlas of Texas; Bureau of Business Research, University of Texas,
Austin, Texas, 1965.



TABLE 3

PER CENT OF IRON AND STEEL ORIENTED EMPLOYEES

AND

VALUE ADDED IN TEXAS, 1965

No. of Value Added
S.I.C. Group Employees By Manufacture

1. S.I.C. 20 Food and Kindred Products 74,971 $ 923,362,000
2. 22 Textile Mill Products 6,461 37,089,000
3. 23 Apparel and Other Fabric Products 40,150 208,611,000
4. 24 Lumber & Wood Products (Except Furniture) 17,515 105,617,000
5. 25 Furniture and Fixtures 10,662 76,392,000
6. 26 Paper and Allied Products 11,506 148,740,000
7. 27 Printing and Allied Industries 3C,154 286,840,000
8. 28 Chemicals and Allied Products 44,037 1,653,810,000
9. 29 Petroleum Refining & Related Industries 35,587 956,140,000

10. 30 Rubber and Misc. Plastic Products 6,839 97,695,000
11. 31 Leather and Leather Products not available not available
12. 32 Stone, Shell, Clay and Glass Products 25,078 301,392,000
13. 33 Primary Metal Industries 27,906 381,757,000
14. 34 Fabricated Metal Products 33,180 312,763,000
15. 35 Machinery 41,281 501,640,000
16. 36 Electrical & Electronic Machinery 25,454 295,649,000
17. 37 Transportation Equipment 49,868 609,822,000
18. 38 Professional, Scientific Instruments, etc. 4,784 50,077,000
19. 39 Miscellaneous Manufacturing, including

ordnance and Accessories not available not available
20. Total 33, 34, 35, 36, 37 S.I.C. 177,689 2.101,631,000

21. State Totals 508,5391 $7,053,797,0001

SOURCE: Ibid., Table 2, and Directory of Texas Manufacturers, 1965. 1 Not equal to sum of items listed.



TABLE 4

PORT OF HOUSTON TONNAGE (NET TONS)

1957 1960 1964 1965

Port total 54,945,531 57,132,659 59,152,653 not
Foreign 10,987,953 9,901,299 12,985,786 available
Import Foreign 2,130,291 2,929,500 3,794,205
Inbound domestic
deepsea coastwise 887,534 1,318,416 1,395,861

Inbound domestic
internal (barge) 4,371,081 5,726,534 7,575,978

SOURCE: Waterborne Commerce of the United States, Calendar Year,
1957, 1960, 1964 (Part 2); Department of the Army, Corps of
Engineers

Specifically as to iron and steel products, the three categories
of inbound water receipts (barge, coastwise and foreign) are
tabulated in Table 5 on a five-year comparison, 1960 vs. 1964, and
by the three main categories of product descriptions (semi-finished
products, finished products, pipe). Nineteen hundred and fifty-seven
figures cannot be compared because Corps of Engineers statistics
for that year do not have a specific break-out of only pipe
tonnages. Pipe receipts are shown only for general information and
to indicate the sharp decline in their relative importance in the
Trinity influence area; and, at the same time, the sharp increase in
other iron and steel categories.

Growth of Houston's inbound waterborne tonnages of the steel
here involved may be quickly observed from Table 5, noting that
principal increases occurred in the coastwise and foreign receipts.
Finished steel products coastwise rose 40 per cent and foreign
33 per cent, totaling some 680,000 tons in 1964. Barge finished
products declined 10 per cent to a 1964 total of just over 380,000
tons or a combined total of finished products of about 1,060,000
tons. Semi-finished products received in 1964 more than doubled,
to some 173,000 tons.

The only segment of decline in this set of data is the drop
in rolled, finished steel mill products arriving in Houston ex
Domestic Internal Barge, and a comparable drop in Iron and Steel
Pipe. There are several events which account for this drop in
barge movements and make it clear that there was no drop in the
area's total need for iron and steel products (see Tables 17 and 18).
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TABLE 5

HOUSTON STEEL RECEIPTS BY WATER, IN NET TONS

Domestic Internal (barge)

1960 1964

Iron & Steel semi-finished products 31,930 68,892

Rolled, finished steel mill products 426,721 383,050

Iron & Steel pipe 311,754 181,071

1965

not
available

Domestic Deepsea Coastwise

Iron & Steel semi-finished products 3,960 16,358

Rolled, finished steel mill products 126,190 176,477

Iron & Steel pipe 7,091 26,250

Foreign

Iron & Steel semi-finished products 48,179 88,316

Rolled, finished steel mill products 378,947 504,612

Iron & Steel Pipe 94,205 126,234

SOURCE: Waterborne Commerce of the United States, Calendar Year 19 60,
1964 (Part 2); Department of the Army, Corps of Engineers.

Some of the decline was due to an enormous increase in imported
iron and steel beginning in 1960 and 1961 (see Tables 16 and 17).
National imports jumped from 3.4 million tons in 1960 to 6.4 millions
in 19646 and as Houston's share of this nationwide increase in iron
and steel imports (12,747,627 net tons in 19667) was approximately

6American Iron and Steel Institute, Charting Steel's Progress,
1962, p. 38 and 1966, p. 38.

7American Iron and Steel Institute, Annual Statistical Report,
1966, p. 42.
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10 per cent (1,202,640 net tons in 19668) this percentage applied
to 1960 and 1964 represents an increase of imports of some 300,000
net tons--certainly sufficient to depress Domestic Internal Barge
traffic inbound into Houston. A sizeable share of this 300,000 tons,
in 1964 plus a large share of the flood of imports in 1965, 1966 and
1967, would likely move to interior points by barge, especially
the Ft. Worth-Dallas areas, if a Trinity Channel were in existence.

In addition to the sudden surge in imports in the 1960-61
period at about the same time Bethlehem began volume coastwise
movements of iron and steel products from Sparrows Point, Maryland,
to Houston (and other Gulf Coast Points' preempted barge movements
from Bethlehem's inland mills to the Houston Port0 Although there
is no published data on this movement it is significant and in
excess of 250,000 net tons yearly.9

Then to further affect barge movements of iron and steel during
this period wasa shift in the marketing techniques used by U. S.
Steel0 During this period U. S. Steel took a 4 per cent ($8 to $9
per ton) mark-up off of their Oil Country Tubular stocks. This then
made it cheaper to buy from stocks in 30,000 pound lots rather than
from the producing mill in 600 ton, or larger, quantities0  Thus,
the new smaller, quantities ordered, lend themselves to rail and/or
truck transportation rather than barge. In addition, even those large
firms which had formerly ordered large shipments (such as the major
oil companies) now draw from a fewer number of stock points along the
Gulf Coast other than Houston and from such inland points as Hobbs,
New Mexico; Odessa, Texas; or Oklahoma City, Oklahoma, rather than

maintain their own inventories0

Still other technical factors reinforced the decline in
barge traffic. Some of these, such as the jump in multiple-well
completions, are relatively minor in and of themselves, but
collectively work to help explain the drop in Domestic Internal
Barge tonnage received in Houston from 1960 to 1964.

But, emphatically, the total market for Iron and Steel products
reaching the Houston terminous of the proposed Trinity Waterway
continued to risesharply (see Tables 17 and 18) during this period.

8Ibid, op 470

9This tonnage consisted of 120,290 for the first five months
of 1966, Harris County-Houston Navigation District preliminary figure
for 19660
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Nineteen hundred and sixty-five port figures are available but
not yet in Corps of Engineers classifications. Records of the
Statistical Section, Harris County Houston Ship Channel Navigation
District reveal that in calendar year 1965 the port unloaded steel
tonnages (including pipe) totaling 1,060,346 net tons. For 1966,
the corresponding port total for Houston was, as pointed out above,
1,202,640 net tons.

High per-capita consumption of steel is a characteristic of
the Houston and Dallas-Ft. Worth area, especially the former with
its heavy-industry economy. Steel is a basic material for the
Trinity influence area's capital-intensive industries--natural
gas, non-electrical machinery, construction, petroleum and coal tar
products, air conditioning equipment, chemicals and allied products.
Also, both industrial and non-residential construction have combined
to keep Houston third in the nation in recent years in value of
construction activity. Dallas and Ft. Worth are not far behind.
Most of the area's steel is utilized in manufacturing, by hundreds
of firms in scores of industry classifications. To illustrate
this diversity, Table 6 shows typical representative industry-group
users of steel and the number of Trinity-area firms in some of the
categories, grouped by Standard Industrial Classification (SI.C.)
codes observed by the Bureau of the Census. Obviously, the 500-600
firms shown do not comprise the entire business community, but
indicate the wide range of categories of steel-using industry
groups.

The City of Houston's population on January 1, 1966, was
1,142,000; population of Harris County was 1,544,000 and of the
five-county Standard Metropolitan Statistical Area, 1,765,000.
Houston, sixth largest city in the nation, is the fastest-growing
major city, and is more than doubling its population every twenty
years.10 Its economy.is significantly steel-oriented.

The Dallas-Ft. Worth area-wide population on January, 1964, was
1,821,468.11 Thus, counting the 300,000 people along the Trinity
route, there are nearly four million people immediately affected by
the Trinity project--especially as the project, in turn, affects the
cost of such basic items as iron and steel.

1 0 Houston Chamber of Commerce, Population Estimation
Committee.

llDallas-Ft. Worth, Regional Transportation Study, U. S.
Department of Commerce and Texas Highway Department, p. 8.
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TABLE 6

SOME REPRESENTATIVE HOUSTON AREA INDUSTRY-GROUP USERS OF STEEL

S.I.,C Industry
Code Group

Typical
Products

No. of
Firms

8
13
28
66
11

18
10
57
70
30

8
4

43
28
96

25
4
7

19
5

3731
3391
3441
3443
3552

3461
3713
3444
3449
3481

3531
3493
3494
3561
3533

3499
3537
3491
3498
3536

16 3321
3322
3323

4 3411
10 3452

Foundries gray iron
malleable iron, steel
foundries
Metal cans
Bolts, nuts, etc.

R.R. brake shoes;
castings; manhole
covers; grate bars
metal containers
studs, threaded bars

SOURCE: Manufacturers' Directory, 1965-66; Houston Chamber of Commerce,
copyright, 1965.

Houston, as supplier of steel to much of the Southwest, sells and
delivers structurals, reinforcement and other construction steel,
and finished fabricated components to many kinds of projects in the
area that would be served by the Trinity Channel. Locks and dams on
river flood control-navigation projects; manufacturing plants in rural
areas; highway construction projects; electric power generating plants;
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Ship building & repairing
Iron & Steel Forgings
Fabricated Structural Steel
Fab. plate work-boiler shops
Farm machinery & eqpt.o

Metal stampings
Truck & bus bodies
Sheet metal work.
Architectural & Misc. metal v
Misc. Fab. Wire Products

Construction machinery
Steel springs
Valves, pipe fittings
Pumps, compressors, eqpt.
Oil field mach. & eqpt.

Fabricated Metal Products NEC
Industrial trucks, tractors,
Metal shipping barrels, etc.
Fabricated pipe; fittings
Hoists, industrial cranes, et

ships, barges
flanges, forgings
structurals
boilers, towers, vessels
shredders, machinery

signs, stampings
dump bodies, trailers
carports, ducts

work steel bldgs,, reinf. ste
fencing, mesh, ties

draglines, blades, tampe
vehicle springs
hangers, valves
air compressors; pumps
oilfield equipment

cotton ties, skids
etc. lift trucks; trailers

steel drums
nipples, tubing

:c. overhead cranes

el
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public works projects; public and private airports or landing strips;
rural school building, and construction of defense installations are
representative of current construction activities requiring quantity
deliveries of iron and steel products.

Particularizing for illustration: Houston firms have supplied
and are supplying many thousands of tons of steel to various lock-
and-dam site locations on the Arkansas Verdigris River project
including the White River, and similar materials are now being procured
locally for construction on the Toledo Bend Reservoir project in
Louisiana and Texas. These continuing shipments obviously bear no
relationship to oilfield materials so that, as pointed out above,
much of the recent growth in iron and steel activities in the Proposed
Trinity influence area is not tied to the future of the petroleum
per se.12

Still another reason for a decline in barge iron and steel
traffic is the Transportation Act of 195813 which, in effect, allows
rail carriers to set mill-to-point prices without consideration of
competing carriers (even though the Interstate Commerce Commission
is still charged with determining what is a reasonable rate).14 At
the same time, the data of Table 5 shows the strong upsurge in
shipments of semi-finished iron and steel and continuing strong
movements of other iron and steel categories. And, especially
heavy increases are shown in the amount of iron and steel reaching
the Southern Terminous of the proposed Trinity River route by
Domestic Deepsea Coastwise and from Foreign sources. Collectively,
these categories have doubled in tonnage in the short span from
1960 to 1964--the period in which Houston has emerged as one of the
nation's important iron and steel centers0

Again, Table 6 reflects the wide range of iron and steel user
categories in the Trinity area and its hinterland. Here again, with
the immediate past and expected continuing decline .in oilfield
iron and steel shipments, it is significant to note that there are
categories not related to oilfield activities. For the most part,
these other categories are related more directly to population
(than to the oilfields ,ae s e). In fact, many of the market research
experts of the major iron and steel producers consider population in-
mass as "the" important measure of estimating an area's market

12oci., ICC Docket0

13Transportation Act of 1958 (Sec. 5, adding a new par. (3) to
Sec. 15a of the Basic Transportation Act).

14 Ibid.
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potential for their products 1 5 In this regard, the burgeoning
populations of both Houston and the Dallas-Ft. Worth areas are
growing at a rate which places them fourth and sixth, respectively,
in the nation (See Table 7). And, based upon this rule-of thumb,
that iron and steel markets and population growth coincide, iron and
steel markets in these two respective termini points on the proposed
Trinity Channel are growing at an annual corresponding rate of
approximately 4.42 per cent, and 3.83 per cent, respectively. When
averaged with the overall population average rates of growth of 2.2,
it is assumed that the population of the Trinity area of influence
will be something in excess of 202 per cent.

In summary of this discussion setting the background for a
study of what iron and steel commodities might move on a channelized
Trinity River, it is clear that a vast and burgeoning iron and steel
industry and market already exists; and, it is equally clear,
that the Trinity Influence Area is one of the fastest growing
basic economies in the entire country. Thus, in light of the
kaleidoscopic expansion of both iron and steel needs, as will be
developed later in the study, and growth in production capabilities,
(both in terms of volume and in kinds of iron and steel products)
estimated projections based on the present and past experiences of
iron and steel movements within the area, are by necessity most
conservative.

C. Present Trinity River Area Iron and Steel Commodity Origins,
Traffic, and Markets.

Present Movements of Iron and Steel Products. A survey of 230
iron and steel-oriented firms in the Trinity influence area reported
commodity movements of 4,518,902 tons by all modes of transportation.
And, of this total, the shippers interviewed expressed an interest
in possibly moving 1,186,312 (combine totals in Tables 9 and 12) tons
via a channelized Trinity Waterway--of this tonnage, 945,592 would
be upbound cargoes, 240,720 would be downbound0

That there already exists a keen interest in barge service on
iron and steel goods at the Houston terminous of the Trinity Route
is indicated by the barge receipts and shipment data shown in Table 8
A combined total of shipments and receipts of 625,760 tons moved

15lnterview, Lawrence B. Jones, Chairman of the Board, Mosher

Steel Company, March 30, 1967.

16Corps of Engineers, Galveston, Texas, survey of 230 firms
using or selling iron and steel in the economic influence area of

the Proposed Channelized Trinity Waterway.
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TABLE 7

RELATIVE RATES OF GROWTH

DALLAS AND HOUSTON METROPOLITAN AREAS

Population 1960 1950 Percent Incr.

METROPOLITAN AREAS Rank Population Population Increase Increase Rank

Miami, Florida
San Diego, Calif.
L.A.-Long Beach, Calif.
Houston, Texas
Denver, Colorado

Dallas, Texas
Atlanta, Georgia
Washington, D.C.-Md.-Va.
Patterson-Clifton, N.J.
Seattle, Washington

Kansas City, Mo.-Kans.
Mpls.-St. Paul, Minn.
Milwaukee, Wis.
Detroit, Michigan
San Fran.-Oakland, Calif.

Baltimore, Md.
Cleveland, Ohio
Chicago, Illinois
Buffalo, N. Y.
St. Louis, Mo.-Ill.

Cincinnati, Ohio-Ky.
Philadelphia, Pa. -N.J.
Newark, N.J.
New York, N.Y.
Pittsburgh, Pa.
Boston, Mass.

25
23
2

16
26

20
24i

10
18
19

22
14
17

5
6

12
11
3

15
9

21
4

13
1
8
7

935,047
1,033,011
6,742,696
1,243,158

929,383

1,083,601
1,017,188
2,001,897
1,186,873
1,107,213

1,039,493
1,482,030
1,194,290
3,762,360
2,783,359

1,.727,023
1,796,595
6,220,913
1,306,957
2,060,103

1,071,624
4,342,897

1,689,420
10,694,633
2,405,435
2,589,301

495,084
556,808

4,367,911

806,701
612,128

743,501
726,989

1,464,089
876,232
844,572

814,357
1,151,053

956,948
3,016,197
2,240,767

1,405,399
1,465,511
5,177,868
1,089,230
1,719,288

904,402
3,671,048
1,468,458
9,555,943
2,213,236
2,410,572

439 ,963
476,203

2,374,785
436,457
317,255

340,100
290,199
537,808
310,641
262,641

225,136
330,977
237,342
746,163
542,592

321,624
331,084

1,043,045
217,727
340,815

167,222
671,849
220,962

1,138,690
192,199
178,729

1
2
3
4

5

88.9
85.5
54.4
54.1

51.8

45.7
39.9
36.7
35.5
31.1

27.6.
28.8
24.8
24.7
24.2

22.9
22.6
20.1
20.0
19.8

18.5
18.3
15.0
11.9
8.7
7.4

6
7

8
9

10

11
12
13
14
15

16
17
18
19
20

21
22
23
24

25
-26

SOURCE: U. S. Department of Commerce, Bureau

O'
0
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TABLE 8

BARGE MOVEMENT OF STEEL PRODUCTS

HOUSTON SHIP CHANNEL

1962-1966

In short tons

RECEIPTS1

639,669

629,867

637,126

509,057

460 ,7603

SHIPMENTS2

89,463

132,648

179,913

238,751

165,000

The principal products
steel tubular goods.

moved were steel plates and shapes, and

2Including small local (intra-channel) shipments.

3 The reasons for this decrease under 1965 levels have already
been discussed on pages and

SOURCE: Port of Houston, Harris County, Houston Ship Channel
Navigation District, Mr. Vince Williams, Administrative
Assistant, Interview, May 1, 1967.
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in 1966 alone. For the most part these tonnages consisted of plates,
shapes and tubular goods.

In analyzing the potential traffic for a channelized Trinity,
Table 9 shows the total "Up-Bound Tonnage by Origin Areas" as seen
feasible by the shippers surveyed. Houston's position as the
preeminent supplier of much of the iron and steel moving into the
Dallas-Ft. Worth area is reflected in this table--425,363 tons
currently originates there. Logically, much of this tonnage
could move by water. The Pittsburgh-West Virginia and Chicago-
Gary Producing Districts are the next origin areas in terms of
volume of tonnage that might feasibly reach destinations via a
Trinity Waterway.

TABLE 9

RECAP OF FEASIBLE UPBOUND TONNAGE
BY ORIGIN AREAS

ORIGIN AREA Total Net Tons

Alabama 30,267
Pittsburgh-Ohio-West Virginia 282,224
St. Louis-Granite City 45,045
East Coast 56,288
Chicago-Gary 89,685
Houston 425,363
Miscellaneous 16720

Total Net Tonnage 945,592

See footnote no. 16, p. 499,

These areas are followed in order of tonnage by East Coast points,
St. Louis-Granite City, and Alabama points. Alabama origins are
relatively small in terms of the total tonnage that shippers are
available to generate for water movement to the Upper Trinity area.
Similarly, there are a few other miscellaneous points of origin for
commodities that could feasibly move into the Dallas and Ft. Worth
areas by water. A further breakdown on Up-bound Commodity Origins
for the Trinity Project are shown in Tables 10-A through 10-G.
Others are suggested by the volume and kinds of imports--moving
chiefly through Houston (and thus for purposes of this study are
shown as having a Houston origin).

502



TABLE 10-A

FEASIBLE UPBOUND TONNAGE BY DESTINATION
FROM ORIGINS IN HOUSTON

AND COMMODITY

DESTINATION CITY NET TONS

Oklahoma 268
Ennis 2,170

Burleson 1,250
Wichita Falls 600
Paris 1,500
Tyler 1,200

Grand Prairie 1,800
Dallas 295,241

Ft. Worth 69,264

Hurst 6,000
Garland 4,200

Centerville, Texas 3,650

Lubbock 6,420

Euless 750

Grapevine, Texas 1,200

Gainsville, Texas 450

Carrollton, Texas 12,000

Denton 4,800
Arlington 12,600

TOTAL 425,363

COMMODITY NET TONS

Rail 400
Plate 58,474

Coil 11,320
Sheet Steel 31,945
Wire Rods 5,500

Pipe 44,382

Tubing 1,000
Structural Steel 125,353

Bars 27,630

Forgings 2,665
Rebars 600
Wire 2,170
Rods 12,500
Chain Link 1,500
Steel Shapes 42,250

Steel Coils 42,724

Steel Castings 450

Angles 6,000
Buckets 2,500

Pipe Scrap 6 000
TOTAL 45,36

Seefootnote no. 16, p. 499.

503



TABLE 10-B

FEASIBLE UPBOUND TONNAGE BY COMMODITY AND DESTINATION

FROM ORIGINS IN PITTSBURGH-OHIO-WEST VIRGINIA

DESTINATION CITY NET TONS

Dallas 14,274
Ft. Worth 204,450
Grapevine, Texas 1,000
Arlington, Texas 48,700
Lubbock 3,000
Oklahoma 1,000
Waxahachie 1,600
Burleson 100
Paris 5,000
Grand Prairie 3,100

TOTAL 282,224

COMMODITY NET TONS

Steel Sheets 9,711
Pipe 12,030
Plate 33,650
Structural Steel 190,583
Bar 4,000
Coil 2,500
Steel Shapes 2,550
Angles 24,000
Tin Plate 1,200
Tubing 2,000

TOTAL 282,224

See footnote no. 16, p. b99.
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TABLE 1OC

FEASIBLE UPBOUND. TONNAGE BY DESTINATION AND COMMODITY

FROM ORIGINS IN CHICAGO--GARY AREA

DESTINATION CITY NET TONS

Dallas 28,028
Garland 5,760
Ft. Worth 44,047
Carrollton 1,500
Waxahachie 1,600
Burleson 3,200
Paris 1,500
Kaufman 2,400
Grand Prairie 1,050
Tyler 600

TOTAL 89,685

COMMODITY NET TONS

Structural 21,640
Bars 6,960
Plate 20,450
Steel Sheets 11,402
Coil 18,233
Steel Shapes 6,750
Forging 2,000
Tin Plate 1,200
Pipe 1,050

TOTAL 89,685

See footnote no. 16, p. 199.
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TABLE 10- D

FEASIBLE UPBOUND TONNAGE.BY DESTINATION AND COMMODITY

FROM ORIGINS IN EAST COAST AREAS

DESTINATION CITY NET TONS

Arlington 3,300
Ft. Worth 20,393
Dallas 10,515
Grapevine, Texas 3,080
Waxahachie 600

Carrollton .7,500
Ennis 4,000
Mineral Wells 2,500
Kaufman 1,800
Grand Prairie 2,600

TOTAL 56,228

COMMODITY NET TONS

Tin Sheets 3,300
Pipe 2,550
Plate 12,534
Structural Steel 11,868
Steel Shapes- 6,180
Steel Sheets 3,816
Coil 560
Steel Plate 6,980
Forging 1,000
Steel Tubing 7,500

TOTAL 56,228

See footnote no. 16, p. 199.
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TABLE 10-E

FEASIBLE UPBOUND TONNAGE BY DESTINATION AND COMMODITY
FROM ORIGINS IN ST. LOUIS-GRANITE CITY AREA

DESTINATION CITY NET TONS

Ft. Worth 15,500
Dallas 23,875
Carrollton 1,800
Grapevine, Texas 1,200
Ennis 2,170
Grand Prairie 500

TOTAL 45,045

COMMODITY NET TONS

Plate 8,000
Steel Sheet 4,875
Coils 6,860
Structural Steel 1,500
Steel Shapes 1,200
Bars 15,000
Pig Iron 5,200
Steel Plate 240
Wire 2,170

TOTAL 45,045

See footnote no. 16, p. 1499.

507

97-086 0-68-33



TABLE 10-F

FEASIBLE UPBOUND TONNAGE BY DESTINATION AND
FROM ORIGINS IN ALABAMA POINTS

DESTINATION CITY

COMMODITY

NET TONS

Arlington 6,500
Dallas 11,867
Carrollton 1,500
Grapevine, Texas 2,400
Ft. Worth 6,200
Grand Prairie 600
Tyler 1,200

TOTAL 30,267

COMMODITY NET TONS

Tin Sheets 6,500
Bars 1,200
Steel Sheets 7,663
Steel Shapes 3,400
Pig Iron 5,200
Tin Plates 5,470
Structural Steel 834

TOTAL 30,267

See footnote no. 16, p. 1499.
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TABLE 10-G

FEASIBLE UPBOUND TONNAGE BY DESTINATION AND
FROM MISCELLANEOUS ORIGINS

COMMODITY

DESTINATION CITY NET TONS

Dallas 6,420
Grand Prairie 300
Paris 10,000

TOTAL 16,720

COMMODITY NET TONS

Coil 1,110
Water Heaters 2,700
Pumps and Compressors 1,610
Forging 1,000
Tubing 10,000
Steel Sheets 300

TOTAL 16,720

See footnote no. 16, p. b99.

509



TABLE 11

RECAP OF FEASIBLE UPBOUND TONNAGE BY COMMODITY

Origins: Alabama, Pittsburgh-Ohio-West Virginia, St. Louis-Granite
City, East Coast, Chicago-Gary, Houston, Miscellaneous Points

COMMODITY NET TONS

Angles 30,000

Bars 54,790

Buckets 2,500

Chain Link 1,500
Coil 83,307

Forgings 6,665

Pig Iron* 10,400
Pig Scrap------
Pipe uO,012
Plates 140,328
Pumps and Compressors 1,610

Rail 400
Rebars 600

Rods 18,000

Steel Castings 450
Steel Shapes 62,330

Steel Sheets 69,712
Structural Steel 351,778

Tin Plate 7,870

Tin Sheets 9,800

Tubing 20,500

Water Heaters 2,700

Wire 4,340

Pipe Scrap 6,000

TOTAL 945,592

See footnote no. 16 ,-p. 499.
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The kinds of iron and steel cargoes that are most likely to
move upbound on the Trinity are shown in Table 11. Structural steel
is first with 351,778 tons; plate is second with 140,328 tons.
Coils and sheets with tonnages of 83,307 and 69,712 tons, respectively,
are in third and fourth place followed by steel shapes with 62,330
in fifth place and pipe in sixth place with 60,012 tons.

The predominance of Dallas and Ft. Worth as up-bound destinations
for Trinity-barged iron and steel products is also shown in Table 9;
and, except for a relatively few scattered and isolated industrial
plants in an arch from Lubbock on the west to Texarkana on the east,
most of the Trinity's area of influence is concentrated in the Dallas-
Ft. Worth area. Indeed, the opening of water traffic into Tulsa's
port will help to reinforce a dependence on local mills in most of
the Oklahoma City and Tulsa iron and steel markets, and, in time,
to eastern mills (or to the Pueblo, Colorado, mill).

Similarly, the survey showed that most of the down-bound Trinity
barge traffic will be destined for Houston--in fact, over 75 per
cent will be consigned either to Houston industries (see Table 12),
or for possible export (see Table 13). Still other shipments will
enter international trade through other gateways than Houston.

Other down-bound destinations are listed in Table 12.

The chief down-bound commodity is scrap. Approximately 75 per
cent or 162,200 tons, of the total 240,720 tons of all surveyed
commodities that could be shipped downstream, falls in this category.
Pipe, in terms of total tonnage, is a relatively poor second with
only 26,020 tons moving toward Houston. In third place, tonnagewise,
is structural steel totaling 20,700 tons. Most of this is basic
structural forms for ultimate use in construction.

Within the 1,186,312 tons for which shippers have indicated an
interest in the Trinity, are additional -potential tonnages--mostly
downbound tonnages. These are potential downbound traffic movements
and fall chiefly in the categories of oil-field goods and scrap.
Scrap will be considered further under the major heading of this
study entitled "Iron and Steel Production." The other category,
oil-field related iron and steel, has long been an important iron
and steel commodity moving in the industrial traffic of the southwest.
That this, in a relative way, is no longer the case becomes an
important consideration of this study and is discussed next.
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TABLE 12

FEASIBLE DOWNBOUND TONNAGE BY DESTINATION AND COMMODITY
Origins: Amarillo, Arlington, Daingerfield, Dallas, Ft. Worth, Sand

Springs, Oklahoma, Enid, Oklahoma

DESTINATIONS NET TONS

Houston 220,096
Chicago 5,480
Detroit 2,000
Kansas City 4,200
Cincinnati 480
St. Louis 500
Birmingham '2,000

Gulf Coast Points ,964

TOTAL 240,720

COMMODITY NLT TONS

Structural Steel
Scrap Iron and Steel
Pipe
Contact Steel
Steel Containers
Steel Castings
Fabricated Steel
Well-Drilling Equipment
Non-Ferrous Metals
Steel Shelving
Steel Vessels

See footnote no. 16, p. 99..

20,700
162,200
26,Q20

800
396

1,560
15,480
6,000
1,200

400
5,964

240,720TOTAL
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TABLE 13

FEASIBLE TONNAGE OF EXPORTS BY DESTINATION AND COMMODITY

DESTINATION NET TONS

Unknown Destination 6,800
Mexico 104,400
Japan 1,Q00

TOTAL 113,200

COMMODITY NET TONS

Well-Drilling Equipment 6,000
Scrap Iron and Steel -----

Undifferential Scrap 106,400
Sheet Steel 800

TOTAL 113,200

See footnote no. 16,p. L99.

1. Relative Use of Iron and Steel Products in the Oil and Gas
Indust. In the past perhaps no economic indicator would have
been more symbolic of the Trinity's future tonnage than crude oil
demand and production (see Table 14). The Trinity area's reliance

on the industry is a national legend and supplying oil-field equipment
and know-how are major employment categories in the Dallas-Ft. Worth

and Houston Trinity Waterway Terminous areas. The legendary
importance of petroleum production to a Trinity project's success,
as this success relates to the movement of iron and steel products,
colors and even clouds projections of future iron and steel tonnages

likely to move on this proposed waterway.

In fact, oil country goods is now, and long has been, a
relatively declining factor in the total burgeoning Iron and Steel
markets of the Southwest. That a continued relatively high level of

exploration and production of petroleum is a significant factor in

iron and steel projections cannot be denied. On the other hand,
and as was pointed out in the previous discussions of feasible Trinity

Waterway traffic, and as will be further developed in the next sub-
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TABLE 13-A

FEASIBLE TONNAGE OF IMPORTS BY DESTINATION AND COMMODITY

DESTINATION CITY NET TONS

Ft. Worth 1,750
Dallas 36,900
Garland 2,000
Grand Prairie 600
Galveston 1,000
Denton 4,800

Bryan 2,170
Houston 54,545

TOTAL 103,765

COMMODITY NET TONS

Structural Steel 57,195
Steel Coil 12,400
Pipe 2,000
Rebars 2,000
Sheet Steel 600
Bars (Steel) 500
Structural Shapes 12,000
Tubing 1,000
Wire Rods 5,500
Steel Plate 8,400
Wire 2,170

TOTAL 103,765

See footnote no. 16, p. "I99.
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TABLE 14

PETROLEUM 1 DEMAND IN TIlE UNITED STATES AND PRODUCTION IN THE UNITED STATES,WEST SOUTH CENTRAL REGION,2 AND TEXAS, .1900-1959, and PROJECTED 1960-2020

(Millions of barrels)

United
States Production

Domestic United West South Central
Year Demand States Region Texas

1900 --- 64 1 1
1905 --- 135 45 281910 --- 210 68 9
1915 --- 281 142 25
1920 457 452 244 981925 727 791 415 150
1930 927 951 630 302
1935 984 1,036 b62 405
1940 1,327 1,409 814 515
1945 1,773 1,826 1,131 807
1950 2,375 2,1564 1,366 923
1955 3,088 2,766 1,795 1,212
1959 3,439 2,891 1,788 1,151
1960 3,532 2,901 (2,9154) 1,776 . 1,094
1965 -~~ --- --- 1,081
1970 4,747 3,560 (3,2075) 1,734 1,068
1980 6,380 3,317 1,520 936
1985 --- --- --- 887
1990 7,777 3,091 .1,333 821
2000 9,480 2,880 1,169 720
2010 11,560 2,683 974 600
2020 14,090 2,500 812 500
2030 19,000 2,300 720 420
2035 26,000 2,150 660 390

1Crude Oil and natural gas liquids.
2Texas, Louisiana, Oklahoma, and Arkansas.
3Reproduced from C. P. Blair; Economic Growth Projections For the

Dallas, Ft. Worth and Houston Trading Areas. Bureau of Business Research,
The University of Texas, Austin, 1961 with additions as noted under 4, below.

4Statistical Abstract of the United States, p. 716.
51964 Data which corroborates Blair's projection through that year.

Thus, gives credence and confidence in the total projections to date.
SOURCES: 1900-1955, U. S. Bureau of Mines. The 1959 and 1960 estimates

are based on data from The Oil and Gas Journal, LVIII (January 25,
1960), pp. 143, 157, 179; LVIIITOctober 31, 1960), p, 56; and
World 0i1, CLI (October 1960), p. 26.
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sections of the study dealing with construction and manufacturing, it
is now clear that oil field activities no longer are the dominant
control..of the bulk of iron and steel movements in the Dallas-Ft. Worth
and Houston Trading Areas. And, indeed, oil field needs in the south-
west appear destined to be even less of a relative force in tomorrow's
iron and steel movements.

Even so, and although Texas' proportion of national production
of U. S. crude oil production has declined from 44.2 per cent in
1947 to 35.5 per cent in 1964, when gas field operations are added
Texas still accounts for almost one-half (46.6 per cent)7 of the
nation's total.

A composite index of oil country iron and steel goods serves to
highlight a continuing important volume of iron and steel moving
into the area to serve the oil fields of the area (see Table 15). As
this table indicates, there has been a relative falling-off of Texas
bound oil country oriented iron and steel with the national index
standing at 111 and the Texas index of 86 from 1947-49 average levels.
However, these figures do not reflect imported pipe and other oil
country goods and, as was pointed out earlier, these exceeded
125,000 net tons in 1964 (see Table 5) and are reported to be at
more than double that level for the years 1965 and 1966.18 Thus, if
corrected to reflect the imports of oil country related iron and
steel products of the last three years, the index would be changed
from 86 to at least 101.

17In 1966, Texas produced 35.3 per cent of the nation's crude,
52.1 per cent of its gas and 52.4 of its LPG products. Petroleum
Facts and Fiaures, pp. 40-42.

1 8Vincent Williams, Houston-Harris County Navigation District,
Interview, March 30, 1967.
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TABLE 15

INDEX OF
STEEL FOR THE OIL AND GAS INDUSTRY

of
THE TRINITY RIVER INFLUENCE AREA

1947-49 Average of 3,980,000 net tons = 100

U. S. U. S. Texas Texas Texas
Year Total' Index Per Cent of Total2  Index

U. S. Total

1947 44.1
1948 3.98 100 43.6 1.74 100
1949 43.1
1950 5.34 134 42.6 2.27 130
1951 5.19 130 42.1 2.18 125
1952 4.51 113 41.6 1.88 108
1953 5.45 137 41.1 2.24 129
1954 4.70 118 40.6 1.91 110
1955 5.44 137 40.1 2.18 125
1956 5.58 140 39.6 1.21 127
1957 6.49 163 39.1 2.54 146
1958 3.41 85 37.3 1.27 73
1959 4.69 118 36.8 1.73 99
1960 3.90 97 35.9 1.40 80
1961 3.90 97 35.2 1.37 79
1962 3.90 97 35.4 1.38 79
1963 3.70 93 34.9 1.29 74
1964 4.20 106 34.3 1.44 83
1965 4.20 106 34.7 1.46 84
1966 4.40 111 34.0 1.50 86

lIn millions of net tons. Source: American Iron
Institute's Charting Steel's Progress During 1956-1966.

and Steel

2Percentage used 1947 to 1958 based on retrograde projection of
57 to 66 data. From 1957 to present based on the Formula developed in
Appendix B.
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In turn, the data in Appendix B reflects Texas' percentage of
the national total of oil country-oriented iron and steel products
and the data was calculated as follows:

By year Texas Crude Production (CT)-QJ
National Crude Production (C)

plus Texas Gas Production (GT) 2
National Gas Production (GN)

Texas LPG Production (LT)3
plus National LPG Production (LN)

l+Q2 + Q3  1
3,P

Texas Well Completions (WT) 2
plus National Well Completions (W )

plus Texas Crude Oil Run by Refineries (RT)P3National Crude Oil Run by Refineries (R )

pl+ p2+ p3 PT
3

PT = Percentage of Texas share, which was developed as shown in
Appendix B and applied to determination of the composite Index
shown in Table 15.

Any real estimate of iron and steel movements in the study
area must be based on all kinds of iron and steel products. It
has already been shown that the area has developed a sophisticated,
complex iron and steel industry to supply over 26 S.I.C. categories
and over 500 firms. Table 16 develops an index for all iron and
steel products, nationwide. This index stands at 141.0 with imports.
The comparable index for Texas is 169.4 (Table 17) and 121.4 for
the Trinity River Area of Influence (Table 18).

Table 18 provides an index of net tonnages for all kinds of
iron and steel moving into the area tributary to the Trinity Channel
Project. This is the logical basis for tonnage projections after
additions and/or allowances for such other categories as scrap
imports and exports have been made. Thus, when national growth factors
are used in making this, so as to preclude possibility that the
unusually high Trinity River Influence Area growth might not hold up
for the long-point-of-view, then these national growth factors must.
be considered to be conservative and the projections developed through
them are minimum bench-mark calculations.
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TABLE 16

NATIONWIDE SHIPMENTS
of

ALL IRON AND STEEL PRODUCTS

1960-19661

Imported
Year Net Tons Iron & Steel Index2

Net Tons3

1960 68,865,052 3,400,000 101.7.
1961 64,972,009 3,200,000 95.9
1962 69,359,977 4,100,000 102.4

1963 74,516,370 5,400,000 110.0
1964 82,102,380 6,400,000 121.2
1965 91,719,276 10,400,000 135.14
1966 88,302,651 10,800,000 130.4

(with imports added)

1960 69,205,052 98.5
1961 68,172,009 97.0

1962 73,459,977 104.5.
1963 79,916,370 113.7
1964 88,502,380 125.9

1965 102,119,276 145.3

1966 99,102,651 141.0

1Source: AIS 14 reports of
Institute.

the American Iron and Steel

21960-62 average of 67,732,346 net tons = 100
added 1960-62 average of 70,279,013 = 100.4

and with imports

3Source: American Iron and Steel Institute, Charting Steel's

Progress 1960-1966.

519



TABLE 17

TEXAS SHIPMENTS
OF

ALL U. S. IRON AND STEEL PRODUCTS

1960-19661

With
Year Net Tons Index Imports Added Index4

1960 2,758,936 98.4 3,262,936 98.6
1961 2,892,091 103.2 3,388,091 102.4
1962 2,759,032 98.4 3,273,032 98.9
1963 2,834,575 101.4 3,457,575 104.5
1964 3,459,745 123.4 4,409,745 133.3
1965 3,463,918 123.6 5,213,918 157.6
1966 3,354,009 119.6 5,604,009 169.4

1 Source: AIS 14 reports of the American Iron and Steel Institute.

21960-62 average of 2,803,353 net tons = 100.

3Estimated iron and steel imports through Houston, Texas City and
Galveston based on Houston-Harris County Navigation District data,
interviewed with Mr. Vincent Williams, March 30, 1967.

41960-62 average of 3,308,019 net tons = 100.

520



TABLE 18

TEXAS AND OKLAHOMA DESTINED
IRON AND STEEL PRODUCTS LIKELY TO MOVE INTO

TRINITY WATERWAY AREA OF INFLUENCE

Total Texas I & S Total Oklahoma I & S Trinity River
Year Domestic Marketl Domestic Market1  Total Domestj I AeS Index4

Market 2

1960 2,758,936 + 464,236 = 3,223,172 670,14205 97.2

1961 2,892,091 + 532,711 = 3,424,802 712,359 103.3

1962 2,759,032 + 537,807 = 3,296,830 685,743 99.5

1963 2,834,575 + 491,289 = 3,325,864 691,780 100.3

1964 3,459,7453 + 612,296 = 4,072,041 846,985 122.8

1965 3,463,918 + 640,435 = 4,104,553 853,747 123.8
1966 3,354,009 + 671,656 = 4,025,665 837,338 121.4

1Source: AIS 14 Reports of the American Iron and Steel Institute.
2
220.8 per cent of Texas and Oklahoma total. The 20.8 per centfigure was calculated by using the Trinity River Influence Area Iron andSteel Market area net tonnage as determined from American Iron and SteelInstitute as prepared for Mr. Lawrence B. Jones of the Mosher Steel Co.

This figure, 857,312 net tons is 20.8 (rounded) per cent of thetotal AISI reporting Member's Iron and Steel Shipments to Texas andOklahoma for the same year (1965).

3Based on expansion of 9-month figure for the year, 1964.

4 Index based on average of 1960-62, or 689,507 net tons.
5
As AISI reporting members account for only 85 per cent of ironand steel shipments in this area data are conservative and can be

increased accordingly.
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Although Texas' proportion of national production has declined
from 44.2 per cent of total U. S. crude oil production in 1947
to 35.5 per cent in 1964 (see Table 14), oil field iron and steel
equipment and supplies continue to loom as important cargos on
the Trinity due to: (a) petroleum import quotas, (b) relative
decline in competition of other fuels; (c) decline in stocks; and
(d) stabilization of, and improvement in, demand.

(a) Petroleum Imqport uotas. A major factor arresting the
decline in oil-field activity has been the progress made in
ameliorating the petroleum import situation. Although the level
of petroleum imports is not expected to decline, an improved
balance between domesticproduction and demand and imports is
already in evidence. For example, in 1947 imports of foreign crude
oil and products constituted 7.4 per cent of total U. S. demand;
by 1964 this ratio had increased to 20.4 per cent.19 The growth in
petroleum imports was so great and rapid that mandatory quotas were
imposed in 1959. Since 1959, imports have increased but 27.3 per
cent whereas in the previous five-year period (1954-1959)
imports had increased 69.2 per cent.20 Even with the relative
improvement, these petroleum imports are in strong measure re-
sponsible for Texas' decline from a level of 21,460 new wells in
1956 to 13,152 in 1964 (see Table 19). However, even these data
presented in Table 19 reflect a slight recovery in 1964 over 1963.

(b) Relative Decline in Competitive Position of Other Fuels.
A second factor which will help check further declines in
petroleum, both in actual production and statistically, is the
expectation that competitive fuels and improvements in refinery
techniques have had their effect on statistics and have run their
course in limiting oil-field activity. For example, now all of the
major U. S. markets have been exposed to natural gas, and supposedly
the bulk of the users who will change over from oil to gas have
done so. Also, most of the impact of the compact automobile has been
felt and petroleum statistics should not be so adversely affected
by additional increased percentages of the small car ownership in
total car registrations. Similarly, the diesel-jet revolutions
have swept the transportation industry, and it appears that there
will be a respite, however brief, in changes within these segments

1 9American 'Petroleum Institute, Petroleum Facts and Figures.
1265, p. 35.

2 0Houston Planning Commission, Metropolitan Houston Long-Range
Economic Judy Industry Report, No. 102, Houston, Texas, December
T'7T~. 8:.
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TABLE. 19

TOTAL WELLS DRILLED IN TEXAS AND ALLOWABLE PRODUCING DAYS BY YEARS
c0

00
0)

0

0)

co

P

Year

1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959

1960
1961
1962
1963

1964
1965
1966

.Number of
Wells Drilleda

9,283
12,172
13,619
16,509
16,615
16,812
16,948
18,843
19,970
21,460
21,173
17,721
18,123
15,174
14,259
14,297
12,900
13,152
12,741
11,109

Number of
Producing Daysb

324
366
238
230
276
259
236
194
194
190
171
122
123
-104
101
97

102
103

aExcludes service wells.

bNumber of days during the
to produce.

DATA SOURCE:

year that prorated wells are allowed

The Railroad Commission of Texas, Annual -Reports of.the Oil
and Gas Division and American Petroleum Institute, Petroleum
Facts and Figures.

TABLE SOURCE: Houston Planning Commission, Metropoli'tan Houston Long-Range
Economic Study, Industry Report 102, Table. 9.



of the petroleum market. And, the present refinery techniques which
allow the refiner to convert 100 barrels of crude into 102.2 barrels
of products (as compared with an average product yield of 100
barrels in 1950) are not likely to further depress future petroleum
demands nor statistics.

(c) Reduction in Stocks Accomplished. A third factor which
caused the sharp break in petroleum production in the middle fifties
was the reduction in the amount of crude oil stored as refinery
feed stocks. In the 1930's, refineries maintained on the average
a five-months' supply of crude in tanks and pipelines; by 1940 this
inventory had dropped to 74 days and in 1950, to 42 days. Today,
crude stocks are down to a 20-to-25-day supply. As this stock has
been used, it amounted to a sizable loss in production.

(d) Stabilization and Relative Improvement in Demand. A
fourth reason for a leveling of petroleum production rather than a
continued decline is the stabilization and relative improvement in
demand. In terms of prices the average wellhead price of gas has
increased from 6.5 cents per million cubic feet in 1950 to 15.9 cents
per Mcf in 1954, or an increase of 144.6%; and, the price of crude
oil per barrel for the same period has increased 13.6 per cent
($2.57 to $2.92).22

Thus, the combined impact of these factors on Trinity Area
iron and steel shipments is to help hold them at, or close to or
slightly declining from, present levels through the year 2035,
rather than the much sharper decline in effect from the middle
fifties to the early sixties. By 2020 production is expected to
hold close to 2.5 billion barrels which will represent 18 per cent
of demand, with the rest being satisfied by imports, shale oil and
synthetic fuels.23

Overshadowing these factors, in terms of the Trinity's future
iron and steel movements, will be the aforementioned impact of
offshore developments and, due to a continuing dominant role in
domestic production, the total output of the Inland Texas, Gulf-Coast
and Inland Louisiana-Arkansas fields--many iron and steel needs of

21Ibid., p. 6.

22Ibid., p. 9.

23Resources for The Future, Inc., The. Future Supply of Oil and
Gas, The John Hopkins Press, Baltimore, 1958, pp. 7-63.
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these fields are served by the oil-field manufacturers and suppliers
of the Dallas-Ft. Worth and Houston areas. The total demand in
the U. S. is expected to increase at a compound rate of about 4
per cent. This compares to an annual compound rate of 4.1 per cent
for the period 1947 to 1964.24 In turn, to identify these compound
growth rates with specific Trinity area iron and steel production is
unrealistic. Oil-field goods come into the area from mills all over
the country, some of that coming in is new, but much is used. It
comes in by, and goes out by, truck, rail, barge, deep water, and in
the case of drill bits and other specialized equipment, even by air.
These goods move by private, contract and common carriage. No
records are adequate to realistically relate petroleum production
with barge shipments of iron and steel. But, based on experience
and the above data, logic suggests that oil-field iron and steel
needs are likely to equal or approach petroleum demand, except for
short periods when a new product may be introduced. In projecting
oil-field related iron and steel shipments the index developed in
Table 18 constitutes a sound record of activities to date. In any
event, the amount of oil field related iron and steel that is to
move on the Trinity is likely to remain a function of the present
level of specialties and capabilities of oil field iron and steel
producers and users in the proposed Trinity Waterway service area.

These specialties and capabilities are, in turn, most likely
to remain a function of petroleum production in Texas25 thus, if
the 1965 volume of oil country goods in the Trinity Influence Area
was 176,100 het tons (see Table 20) then this figure is the logical
take-off point to develop the data shown in Table 20 for each of
the bench mark years as stipulated in projecting potential oil
country related iron and steel volumes for this study.

2. Relative Use of Iron and Steel Products in the Construction
Industry (of the Trinity'- Economic Impact Area). Construction
is a major branch of economic activity, paying more than a billion
dollars in personal income in Texas. Nearly 45 per cent of this is
concentrated in the Dallas-Ft. Worth and Houston Terminals of the
proposed Waterway. Construction is a major factor supporting the
state's economy. Construction in the Trinity area cities is heavily
weighted by the development of new industrial plants. Over one-
fourth of all Texas' non-residential building permits are given in

2 4louston Planning Commission, OP. .. , p. 41.

25lnterivew with J. E. Ubben, Oil Country Iron and Steel
Statistician, American -Petroleum Institute, Dallas, Texas,
October 20, 1967.

526



TABLE 20

PROJECTION OF OIL FIELD IRON AND STEEL TRAFFIC

WHICH SHIPPERS HAVE STATED LIKELY WOULD

MOVE ON THE PROPOSED TRINITY WATERWAY

Year Volume in Net Tons

1965 176,1001
1970 173,9772
1980 152,4742
1985 144,4922
1990 133,7412
2000 117,2882
2010 97,7402
2020 81,4502
.2030 68,4182
2035 65,1602

1
Letter quoting American Iron and Steel Institute dated.

9 December 1966 provided a total of 149,707 tons. However, this
represented only an estimated 85 per cent of the total oil country
iron and steel goods for the area--the remaining 15 per cent would
be accounted for by the non-American Iron and Steel Institute members
and/or non-reporting A. I. S. I. members. Thus, if 149,707 tons
represents 85 per cent, 176,100 approximates 100 per cent. (See Appendix C.)

2 Using 176,100 net tons as the tonnage of
iron and steel products and the Texas production
and assuming that the volume of oil country iron
will be a function of production, the proportion

oil country related
column in Table 14,
and steel products
.For 1970 or

1764,00bs
1081-- or 16 2.9 = -- dJ rTF7i ' the above value s wer'e

calculated by, for example 1980, 17.1
1081

or x " 152,474 tons.

x or x = 162.9 x 936
936
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Houston; another 18 per cent are given in the Dallas-Ft. Worth area.
Highway construction radiating from these two centers, civic centers,
new airports, freeway construction, utilities work in recently
annexed areas all add to the potential market. Houston alone expects
to add over 60 million square feet in highrise office buildings
by 1985; Dallas-Ft. Worth will add about 60 per cent of this amount,
or over 36 million square feet. Based on conservative rule of thumb
estimates of 20,000 tons for every 1 million square feet, this amounts
to 1,440 bargeloads of steel for this construction category, not to
mention myriads of other needs. For example, there is approximately
1 1/2 tons of iron and/or steel in every home ahd 1 ton in every apartment.
And, new transit systems are under consideration in each of the Trinity's
major terminal cities.

Construction throughout the entire state is high. The index of
construction tables (Table 21) is based on building permits issued.
That these are vast and likely to require structural iron and steel
in bargeload quantities is shown in Table 22. These figures are
closely related to construction put in place i allowance is made for
a lag in performing the work. In any event, construction authorized
is a leading index of what structural iron and steel will be moving
on the Trinity.

In 1966 structural iron and steel up-bound tonnage was by survey
351,778 tons: down-bound was 20,700 tons.26 In view of the change
in index of over 40 points in the last ten years, this tonnage can
conservatively be expected to exceed 492,489 tons annually by 1985
with little or no foreseeable decline in the rate of growth in the
long-range so that by the year 2000 there would be a minimum of some
900,000 tons annually that could feasibly be barged on the Trinity.
That these figures are impressive is clear when it is considered
that these tonnages are only for "structural steel" and do not include
reinforcing bars or plates--many of which are used in construction.

Highway construction is another major use category of steel
well suited to waterway movements. Of some $185 million annually
spent in Texas27 on highway construction, nearly 12 per cent is
spent on iron and steel products (see Table 23). Assuming that

26Corps of Engineers Survey of Shippers in Trinity Economic
Impact Area.

27Apportionment of Federal-Aid Highway Funds and Allocation of
other Funds administered by the Bureau of Public Roads (1967 Highway
Report) shows $184,926,924 for fiscal 1966, and $196,187,447 during
calendar year 1964.
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TABLE 21

TOTAL CONSTRUCTION AUTHORIZED
IN TEXAS

(1957-1959 = 100)

Annual Average IndexYear

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963

,1964
1965

SOURCE:

TABLE 22

CONSTRUCTION AUTHORIZED IN THE
PROPOSED TRINITY WATERWAY TERMINAL CITIES

High Year

1962
1959
1962

- Construction
Value Authorized

$246,286,818
58,386,105

337,782,338

SOURCE: Chart Book of Texas Business, Bureau of Business
Research, The University of Texas, Austin, 1964.
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59.1

59.0

59.9
81.4
87.2
78.4
86.8

104.1
109.6
105.5
112.1
124.2
121.3
130.6
129.0

Chart Book of Texas Business, Bureau of Business
Research, The University of Texas, Austin, 1964,
p. 28.
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Ft. Worth
Houston



TABLE 23

FEDERAL HICHNAY DATA

PERCENTAGE DISTRIBUTION OF TIIE-COSTS OF MATERIALS AND SUPPLIES,

LABOR, EQUIPMENT OWNERSHIP, OVERHEAD AND PROFIT

FEDERAL-AID PRIMARY PROJECTS REPORTED AS COMPLETED

Calendar Year 1964

ELEMENTS

Table PT-2A
Issued 1965

FEERLAI RIAR YSE

FEDERAL-AID PRIMARY SYSTEM

INTERSTATE NONINTERSTATE ALL PRIMARY

Rural' Urban Total Rural 'Jrbmn Total Rural Urban Total

Percent Percent Percent Percent Percent Percent Percent Percent Percent

Cement
1  5.7 3.2 4.8 4.3 3.4 3.9 5.2 3.3 4.4

Aggregat s Purchased2  10.9 6.2 9.1 12.0 7.-9 11.2 6.7 9.4

Bitumens 1.5 0.2 1.0 3.1 0.8 2.0 2.0 0.5 1.4

Lumser 0.6 1.0 0.7 0.3 1.0 0.7 0.5 1.0 0.7

Timber Piling 0.1 0.3 0.2 0.1 0.2 0.1 0.1 0.2 0.2

Cor ated Steel Culvert Pipe 0.9 0.3 0.7 1.2 0.5 0.9 1.0 0.4 0.8

Steel4.j 5.8 5.1 2.6 - 4.6. 3.6 40 5.3 4.5

Structural Steel 4.0 9.2 5.9 1.6 5.0 . 3.2 7.4 4.9

Ready-mix Concrete 3.8 6.2 4.7 2.7 6.7 4.0 3.4 6.5 4.7

Premixed Bituminouu Paving
Materials 2.6 1.6 2.3 4.7 3.2 4.0 3.3 2.3 2.9

Concrete Culvert Pipe 1.?. 1.3 1.3 1.4 2.4 1.9 1.3 1.8 1.5

Clay Pipe 0.2 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.1

Miscellaneous Steel 1.0 2.3 1.5 0.7 1.5 1.1 0.9 2.0 1.3
Fencing 0.8 0.? 0. 0.4 0.2 0.3 0.7 0.2 0.5

Guardrail 1.0 0.7 0.9 0.9 0.6 0.7 0.9 0.5 0.8

Rail 0.4 0.5 0.4 0.2 0.5 0.3 0.3 0.5 0.4

Petroleum Products
5  

4.8 2.3 39 5.3 2.6 4.0 4.9

Explosives 1.3 0.2 0.9 0.9 0.3 0.6 1.2 0.2 0.8

Materials not reported 4.0 12.1 6.9 6.5 8.6 7..5 5.0 10.4 7.2

Total Materials 49.5 53.7 51.0 43.0 1+9.6 49.3 49.3 51.9 50.4

Labor 24.9 26.8 25.6 25.5 28.3 26.8 25'1 27.4 26.1

Equipment ownership, overhead
and profit 25.6 . 19.5 23.4 25.5 22.1 23.9 25.6 20.7 23.$

TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

1
Does not include cement in ready-mix concrete or in concrete culvert pipe.

2Does not include aggregates in ready-mix concrete, pre-mixed bituminous paving materials or concrete

culvert pipe. The cost of producing aggregates by contractors in addition to "aggregates purchased" is distributed

in "petroleum products," "labor" and "equipment, overhead and profit.'

3
Does not include bitumens in pre-mixed bituminous paving materials.

4Does not include reinforcing steel in concrete culvert pipe.

SFuels and lubricants for equipment and trucks.

SOURCE: Hi Statistics, 1964.
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these products cost an average of $250 per ton,28 the highway program
alone in Texas would use 740,000 tons of steel annually. Of this
tonnage, some one-fifth, in terms both of the kinds of products
and the spatial relationships involved, could be transported on a
channelized Trinity29 Translated to 1,000 ton bargeloads this is
some 148 bargeloads.

2 8 Interview, B. J. Davis, Assistant Traffic Manager, Republic
Steel Corporation, February 13, 1967, Quoted as a rule of thumb
value per ton on this type of iron and steel conodity--includes all
costs to ultimate consumer including transportation.

29 This is based on a generalized assumption that 20 per cent

of Texas highway construction will take place in the Dallas-Ft. Worth
hinterland areas. The logic behind this assumption is based on
population and area. In any event these data do not enter into the
calculation of the final projection but they do lend support to
the projections made.
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In Texas, a conservative estimate is that of sums spent on
residential construction some 9 per cent is for iron and steel
products; and, if the average value in Texas residential construction
holds (see Table 24), then. $700,000,000 in value of residential
construction will produce demand for $63,000,000 in iron and steel
production. At $300 a tongs this sum represents. 210,000 tons.
Because of product nature and -spatial relationships in regard to new
residential. construction, only a fraction of this is likely to be
moved by barge. In contrast, however, the construction and contractor's
steel for non-residential construction is more likely to be barged.
In Texas the ratio of new residential to non-residential construction,
as a percentage of total new construction is in theorder of 45
per cent niew residential and 55 per cent ion-residential (see Table'25)'
Thus, to the. 210,000 tons above, approximately 257,000 tons of construc-
tion and contractor' s steel for non-residential construction would have
to be added. Thus, 467,000 tons of steel in these categories would
be. used, annually in Texas. Of the total, about one-third is produced
as contractors' steel and, as will be pointed-up in the next section,
Dallas is'a heavf user of these basic materials.. Dallas is a main
supplier of these products not only throughout Texas but to the entire
Southwest and in the case of certain products, such as air condition-
ing equipment, the entire nation. Probably as much as 20 per cent of
the 467,000 tons would lend itself to water movement. This would be'
approximately 93,400 tons.

In any event, the construction and contractors' category of steel
products consumed in the proposed Trinity Waterway impact area for
industrial plants; commercial, residential and public buildings; bridges;
stadiums; dams; and highways constitutes a major iron and steel market.
When such contractor's products, such as plumbing, central heating and
central air conditioning equipment, doors and windows (using steel
components) are added, the Trinity route could constitute an important
savings that, because of the nature of these products, reach a broad
segment of population. And with the wave of population that is reach-
ing the family-forming age category, this will be especially critical
in the years ahead,

Another set of factors are of significance. Texas' population is
growing at an average annual increase of 2.2 per ce t for the years
1950-1965, one of the highest rates in the nation. 3  So this figure's

30 Davia, 20'cit.

31 American Iron and Steel Institute. Chartin Steel's Progrdes
Durin 65, p. 28.

32 Statistical Abstract of the United States, 1966, p. 11.
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TABLE 24

TEXAS RESIDENTIAL CONSTRUCTION

(Values in thousands of dollars)

One-family Two-family Apartment Grand
Year units units units total

Value Number Value Number Value Number Value Number

1958 $669,226 61,558 $ 7,568 1,250 $ 53,695 9,827 $730,489 72,635

1959 677,690 60,134 7,970 1,324 41,671 7,716 727,331 69,174

1960 544,195 47,040 6,080 989 35,430 7,109 585,705 55,138

1961 585,190 49,581 8,224 1,066 80,041 13,390 673,455 64,037

1962 587,057 47,075 8,519 1,250 187,856 32,986 783,432 81,311

1963 558,218 42,010 13,534 1,809 239,760 39,213 811,512 83,032

1964 563,858 40,931 14,808 1,982 209,584 32,829 788,250 75,742

1965 557,218 38,370 16,908 2,159 138,227 21,233 712,353 61,762

1966 474,632 30,794 12,082 1,376 136,573 20,970 623,287 53,140

(Nine-year average, $695,090)

SOURCE: Stanley A. Arbingast, Texas Industrial Expansion, 1966, Texas
Business Review, Bureau of Business Research, The University
of Texas, February 1967, p. 42.
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TABLE 25

NEW RESIDENTIAL AND NONRESIDENTIAL CONSTRUCTION
AS PERCENTAGE OF TOTAL NEW CONSTRUCTION,

TEXAS, 1957-1966

New New
residential nonresidential
(per cent of total new construction)

57.4

65.0

63.0

54.1

57.6

59.3

62.2

56.2

52.1

45.1

42.6

35.0

37.0

45.9

42.4

40.7

37.8

43.8

47.9

54.9

SOURCE: Stanley A. Arbingast, Texas Industrial Expansion, 1966, Texas
Business Review, Bureau of Business Research, The University
of Texas, February 1967, p. 42.
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use in projecting construction and contractor's iron and steel consump-
tion and, in turn, waterway use is conservative. That construction
is at higher than normal levels in terms of population is suggested
by the fact that the per cent of total employment in the Southwest
(mostly in the Trinity Influence Area) is, considerably higher than is
the construction share of employment for the entire United States
(see Table 26).

Collectively, construction and contractors' iron and steel
demands support the contention that the volume of tonnage determined
by the survey that was available for barge movement in 1966 was both
reasonable and, again, perhaps somewhat conservative. Based upon
population growth, the lowest rate of growth factor that can be applied
to the 1966 survey-developed tonnage data in the projection of future
waterway volumes is 2.2 percent.

3. Relative Use of Iron and Steel Products in the Manufacturing
Industry. The relationship of the proposed Trinity Water Route to
the manufacturing industries of the area of influence is shown on the
accompanying map of Texas: Value Added by Manufacture by County:
1963 (Map 2) sets the stage for this section of study. The over-
whelming dominance of the entire region's manufacturing activities
with the Dallas-Ft. Worth area at one end of the proposed Waterway
and the Greater Houston-Intracoastal Canal area at the other end
reflects the strategic orientation of the Trinity to serve the'iron
and steel users in these key industrial complexes of southwestern
United States.

The definition which is given to iron and steel products using
manufacturing-industries in the area are: 34-Fabricated Metal Products;
35-Non-electrical Machinery; 36-Electrical Machinery; 37-Transportation
Equipment; and, 38-Instruments: So defined, this group of industries,
when combined with primary metals, constitutes the largest segment
in the Texas economy. For example, in Dallas alone more than one-
half of all plants and nearly three-fourths of all manufacturing
employees are in this category; and, as shown in Table 3, out of
508,539 employed statewide- in manufacturing in 1965, 177,689 were in
these metal-using categories. Similarly, in terms of value added
by manufacture, these categories are high and exceed even the chemicals
and allied products category by some $463 million during the 1958-63
period ($2,108 million for iron and steel product oriented industries
to $1,645 million for the chemical and allied products). In brief,
the metals industrje s of the Trinity influence are relatively large and
basic to the present and future economy of the entire Southwest.
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TABLE 26

DISTRIBUTION OF EMPLOYMENT BY MAJOR INDUSTRY
DIVISION, SOUTHWEST AND UNITED STATES,

1920-1960

(Percent of total employment)

Agriculture ;
forestry;
fisheries Mining

Con-
struct ion

Manu-
facturing

All
other

Absolute
total

Total* (thousands)

1920: S.W.
U.S.

1930: S.W.
U.S.

1940: S.W.
U.S.

1950: S.W.
U.S.

1960: S.W.
U.S.

48. 5
26.3

41.1
21.9

34.3
18.9

19.5
12.4

9.5
6.7

2.4
2.6

2.1
2.0

3.0
2.0

3.3
1.6

3..3
1.0

-15.7------

4.7

4.6

8.2
6.1

7.6
5.9

10.1
23.7

13..1
26.0

15.7
27.1

*Detail may not add to 100.0 due to rounding.
*For 1920 and 1930, the total is persons 10 years or older gainfully

the total is persons employed.

employed; for the other years,

SOURCES: Census of Population, 1920, 1930, 1960.

SOURCE OF TABLE: Stephen L. McDonald, 'Economic Development and Change in the Structure of Employment and

Income Sources in the Southwestern States Since 1920." Texas Business Review, December,

1965.

Year/area

U'

33.4
40.3

40..0
47.2

47.9
50.8

55.9
53.9

63.9
59.3

100.0
100.0

100.0
100.0

100.0
100.0

100.0
100.0

100.0
100.0

3,838
41,6141

4,661

48,830

5,210
56,435

5,966
64,639
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The Primary Iron and Steel Production Industry will be the
subject of the next section of this study, but it is significant to
emphasize that to date Texas metal-consuming industries hays
greatly outrun the primarmetallurgical industries, large as they
are. Tpe metal economy of the proposed Trinity route is one of iron
and s'ee l use, rather than basic production.

There are a large. number of' foundries in the proposed Trinity
Waterway's expected impact area. While some of these are. small, older
grey-iron foutdrie s without special skills, others are large and well-
organized undertakings, as are, for instance, the two large foundries
in Lufkin, just 40 miles from the Trinity. These two are Lufkin
Foundry and Machine Company (a national manufacturer of pumping
equipment and large gear trains) and Texas Foundries (primarily a
pearlitic malleable iron producer). Other Trinity area foundries are
licensed producers of spheroidal 'graphite iron castings and others
specialize in steel castings, non-ferrous castings, die-castings and
centrifugal castings.

In regard to the corresponding strength on the primary fabrication
side, such as the conversion of ingots and other large sections to
slab, billets and so on, a different picture becomes clear. Outside
of the two primary steel mills, such capacity hardly exists at all in
the Trinity' s impact are a. Thus, water traffic might wefl prove to
have a special attraction for those industries requiring "the-next-
step-basic iron and steel forms."

On the steel side, however, capacity to make large wrought
shapes does exist outside of the Armco and Lone Star Steel Companies.
Firms such as Cameron Iron Works and LeTourneau, have very large-
size equipment and. several of the main out-of-state . steel producers
have subsidiary operations in the Trinity area for the fabrication of
plates into large pipes and for. structural engineering, including ship
building. Also, it should be pointed out that the Dallas-Ft. Worth
section of the Trinity area 'has'some of the largest undertakings in the
aerospace field. Of these, special.mention' should be made of the
Convair plant of .General Dynamics, the Chance-Vought plant of Lin-Temco-
Vought, and the Bell Helicopter plant. In addition, there is the very
large ,firm of Texas Instruments with a plant at each end of the pro-
posed Trinity artery. And, although all of these plants may not use
water shipments directly, they are among the world's most sophisticated
users of iron and steel products, aid, representing the .apex of the
metallurgical -age, as they do, their mention serves to emphasize that
the Trinity area is a unique iron 'and. steel-using complex that in
consumption runs the gauntlet from the most basic iron and steel forms
to include the most' refined and close tolerances to be found in the
industry, The number and sizes of these firms were presented in an
earlier, section of the study under the heading of "Background."
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In predicting future barge movements of iron and steel on the
proposed Trinity Waterway, especially in view of the basic nature and
dominant role of the Trinity area's iron and steel industries, are
value added by manufacturing and employment.

Value added manufacture.--Value added by manufacture is projected
to multiply6.69 times in Texas (from $6,783 million in 1962 to
$46,600 million in 1990). This growth for Texas compares impressively
with the 4.45 rate projected for the United States (from $189,072
million to $840,760 million). The higher growth in Texas is a result
of two forces which combine to determine the projected figure. First,
the growth in. manufacturing productivity in Texas from 1950 to 1963
was greater than that in the nited States. In fact, not only was the
growth rate greater, but the3 absolute level of productivity in Texas
in 1963 (the latest census year) was 21 per cent higher than that of the
United States.

Manufacturing employment.--The Trinity area compares even more
favorably with the United .States in expected growth in manufacturing
employment. From 1964 to 1990 the projection is that Texas manufactur-
ing employment will grow in excess of 115 per cent, while the nation's
manufacturing employment is expected to grow 51 per cent (see Table 27).
(On the other hand, employment in other sectors--agriculture, mining,
and forestry--is expected to continue a relative decline in both Texas
and the nation).

From these two sets of data it is clear that a rate of growth
that will quadruple present levels by 1990 is conservative indeed.
This rate would be especially conservative in view of the findings
of Bruce and others that by 1990 the value added by primary metals
production in Texas will be 13 times the 1962 figure.35 Thus, in terms
of iron and steel that will be needed by the Trinity area manufacturers,
based on value added, will increase six fold by 1990 (see chart next
page) and based on employment will increase four fold.

33 Grady B. Bruce, "The Future of Texas: An Overview," Texas

Business Review, 1966, p. 134.

3 4 Ibid.

35 Ibid., p. 135.
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CHART 1.

VALUE ADDED BY MANUFACTURE, US. AND TEXAS
1950-1963, WITH PROJECTIONS TO 1990

(In 1957-69 dollars)
Unite States

(Billion. of dollars)
Texas

(Billions of dollars)
1,000 100

So- 80

600 ---- --- - -30

soo so

wvu 4

200 A--------------- 20

160 Is

l60 16

140 14

120 12

100 10

80 -- - - - - - - -g-

60 6

40 4

20 1
1950 1960 1970 1980 1990

Source: Blair, op. cit.
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TABLE 27

MANUFACTURING EMPIDYMENT, UNITED STATES AND TEXAS,
1939-1964, WITH PROJECTIONS TO 1990

(In thousands of persons)

Year United States Texas

1939 10,278 179

1947 15,545 297

1955 16,882 446

1960 16,796 490

1964 17,272 538

1970 18,999 642

1975 20,571 745

1980 22,281 863

1985 24,112 1,001

1990 26,107 1,160

SOURCE OF DATA: 1939-1964, United StatesP Bureau of Labor Statistics,
U. S. Department of Labor; 1939-1947, Texas, U. S.
Census of Manufactures; 1955pJL964, Texas, Texas
Employment Commission.

D. Trinity Area Primary Iron and Steel Production

Although the present rated steel capacity of the Trinity Impact
Area is small when compared with the Youngstown-Pittsburgh area or the
South Chicago-Gary region, the area is among the top ten producing
regions in the nation and is spectacular for itz rite of growth.
Thirty years ago the rated capacity was under 5,000 tons; by 1959
the capacity had risen to 2,381,450 tons with two "main plants:
Armco Steel Corporation, in Houston, and the Lone Star Steel Company,
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in Daingerfield, rated at 1,108,000 and 550,000 tons, respectively.
Today,. each of these two plants approaches 2 million tons annually
and there is new construction underway which will enable the two plants
to exceed these annual tonnages. In addition, announcements by U. S.
Steel, Des Moines-Pittsburgh and other firms of new plant construction
within the Trinity influence area will approximately double present
capacities .within the next five years. Thus, in discussing tonnages
from primary metal plants as these relate to the proposed Trinity pro-
ject, all production figures could be doubled as that capability will
be realized before the Trinity could possibly be opened to traffic.

The larger of the two integrated steel plants, that of the
Armco Steel Corporation, was set up as a result of a survey undertaken
in 1936 which emphasized the market demand in Texas for steel plates
and structural shapes, and. also the abudance in the State of steel-
making scrap. The first idea was to lay down only a steel mill, but
with the development of an emergency situation in 1941 the Federal
government encouraged the building of coke ovens and a 25-foot hearth
diameter blast furnace . The first steel was teemed in 1942 and the
first hot metal in 1944. By that stage, $4.0 million had been expended
on the plant, but continued additions. have since been made, e.g.,
the five open-hearth furnaces have been increased to eight, and much
has been added by way of rolling mill equipment.' The plant, which is
the largest steel plant west of the Mississippi, occupies a 650-acre
site with a--mile frontage on the Ship Channel sixteen miles from
downtown Houston. It receives coking coal by rail and/or barge from
Oklahoma, Arkansas, Aabzama and West Virginia (and formerly by boat
from Eastern coalfields);.pelletized iron ore comes by boat from
Seven Islands, Canada (see Map 3) fields and from Durango, Mexico and
by ship from South America (Brazil, Chile, etc.); limestone is available
from Texas quarries, but at times has been substituted by oyster shell
dredged from the Gulf; fuel, in the forms of oil and natural gas, is
drawn by pipeline from Texas fields. The blast furnace is normally
operated on pelletized ores blended with the foreign ores with a
60+ per cent iron content. Soon only pelletized ores will be used.

The plant in 1961 comprised 62 coke ovens, one blast furnace
with four stoves, eight 105-ton open-hearth furnaces, one 36-inch
blooming mill, one 26-inch billet mill, one 21 -inch .structural mill,
one 14-inch merchant mill, one 13-inch plate mill, together with wire
drawing facilities, nail machines, etc.; adjacent is the plant of a
joint subsidiary with the A. 0. Smith Corporation for the fabrication of
pipe. An expansion scheme since carried out has embraced a new unit
which includes two 100-ton electric furnaces, 16 soaking pits, a
150-ton per hour slab heating furnace, a ,60-inch combination slab
and plate mill, capable of rolling plates 12feet wide and 50-feet
long, and a plate heat-treetment line, which is 450 feet in length and
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allows both hardening and tempering as continuous operations, and is
essential to the production of the proprietary high tensile steel
SSS-l00 which has a minimum yield point of 100,000 psi, and a tensile
strength of 115,000 to 135,000 psi. As well as supplying plate to
the pipe mill, the Houston plant produces bars, plates, structurals,
wire, rods, fences, and reinforcing bars. A specialty is dished ends
for pressure vessels. About 10 per cent of Sheffield Division's
production is in special and alloy steels.. Two subsidiaries are the
National Supply Division, a major source of supply for the petroleum
industry, and Southwest Steel ductst, which fabricates requirements
of the construction industry.

Although located at a disadvantage in regard to the Proposed
Trinity Waterway, especially if a Red River Channel is completed,
a second plant is important because of 'its influence and impact
on area-wide iron and steel movements.

The establishment of a plant at Lone Star near Daingerfield
in Morris County was a wartime measure financed by the Federal
Government. An ore beneficiation plant, coke ovens and a 1,200-ton-
per-day blast furnace had been built, but had not become operational,
when World War II came to an end. At the end of the war, the Lone
Star Steel Company was set up to take over the plant and operate it
as a specialized project for the Texas petroleum industry, as well. as
acquiring the ore lands and Oklahoma coal mines. It took over in
January, 191+8. Proposals to add steelmaking facilities were shelved
and, in fact, the addition was not made until 1953.

The company owns or leases 53,000 acres of ore-bearing land within
30 miles of the 'plant, where limonite and siderite ores occur within
30 feet of the surface. At the neighboring beneficiation plant the
ore is crushed, washed, gravity separated, dried, when it has about
45 per cent iron, and calcined in a 300-foot long kiln. Fines are
sintered. Oklahoma coal feeds a battery of 78 Koppers-Becker ovens
and yields 1,200 tons of metallurgical coke a day, which. serves to
smelt the iron ore 'in an efficient operation. The blast furnace is
tapped 4 times a day; the record day yielded 1,407 tons of hot metal.
A part of the hot metal is diverted .to a centrifugal cast iron pipe
foundry which produces 80,000 tons a year of non-oil field 4- to 12-inch
i.d. pipe.. The remainder, together with steel scrap, feeds five open-
hearth furnaces which handle 250-ton charges in 8 to.12 hours, and
yield in aggregate 800,000 tons of ingots a year. The ingots are
broken down on a two-high reversing mill to slabs 4- to 7-inch thick

36 Eric H. Bucknall, "Texas Metals, Metal Industries and Metallurgy,"
Texas Business Review, TheUniversity of Texas, 1965, p. 9.
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and further rolled to skelp from 1/8- to 1/2-inch thick on a four-hill,
mill. 'Skelp constitutes the feed of pipe mills, where it is levelled
and side-trimmed before entering the roll-forming stands and being
welded longitudinally. All pipe is normalized before inspection and
finishing. The plant includes a stretch-reducing mill which is capable
of reducing pipe from 6 7/8- to 1/2 inch nominal, with automatic control-
over wall thickness. Apart from the specialized products referred to,
the Lone Star plant produces, some reinforcing bar from the side and
end trimmings of slabs, plates and skelp. The plant is valued at more
than $160 llion and employs about 3,000 workers when operating at
capacity. i

In addition to these two major steel mills there is additional
production at other Trinity area firms, such as Texas Steel in Ft.
Worth, among others. Most are foundries with electric furnaces, and
all of these firms consume thier own product except for LeTourneau
at Longview which from time to time sells some of its 100,000 tons annual
output.

Adding to this already impressive production level is United States
atel Corporation announcement that their firm is to begin construction
in 1967 of a major steel-producing facility on an 8500-acre .site at
Cedar Point in Chambers County. The site has access to the proposed
Trinity Waterway and the Houston Ship Channel, Both access channels
will have to be dredged. Initially, the plant will consist of two
electric furnaces, a 160-inch plate mill and auxiliary features.
Ingots from the electric furnaces are produced, primarily using scrap.
Heat-treating facilities and continuous casting equipment are expected
to add to a wide range of products. In describing the new Houston-area
plants President Leslie B. Worthington's news releases said, "We expect
this to become one of the great steel-producing complexes in the nation...
if not the world." Based on this statement, the size of the site,
and an initial investment in excess of $150 million, this plant should
eventually double basic iron and steel production in the Trinity area.

And, to these impressive totals are announcements of other new
iron and steel plants: Armco is starting construction of its third
electric furnace and new wider rollers are to be added early in 1968.
Ultimately their plant is expected to attain an output of 4,500,000
tons annually, 'Of special significance to the barging of iron and steel

37 Ibid., p. 10.

38 Houston Post, June 15, 1965.
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is Armco's current installation of a new barge unloading and
shipping facility, separate from the present deep-water dock39

The Pittsburgh-Des Moines Steel Company has announced that
they have purchased a site at Liberty, on the Trinit for a major
facility. Details have not, as yet, been announced. Similarly,
Bethlehem Steel Corporation has begun construction of a new $1,500,000
steel-fabrication plant for the production of reinforcing bars. This
new, plant is 15 miles east of Houston and, accessible to barge traffic.
All of these announcements are but recognitions of the Trinity Area
as a focal point for primary metal operations.

In regard to the production of basic iron and steel, water
transportation is limited to the movements of: (1) iron ore;
(2) coal; (3) fluxing materials; (4) scrap; (5) pig iron; and
(6) steel mill products.

1. Iron ore. Iron ore from Armco is now coming in pelletized
form from Seven Islands, Canada. This Labrador ore is nearly 65 per
cent iron content. At present, some South American ore is mixed,
after sintering, if necessary. But, in the immediate future, Armco
expects to rely4itirely on pelletized Labrador ore; thus, no barging
appears likely. Similarly, the new U. S. Steel and other recently
announced mills are expected to use scrap or South American ores and
thus generate little or no inland water traffic.

The Lone Star mill does use pelletized Texas ore, of which there
are sizable reserves (see Map 3),. However, this ore occurs as siderit
and limonite materials and reserves are estimated at 200 million tons,
and, typically, the beneficiation of these ores takes place at the
northern end of the field, most distant from the proposed Trinity.
Thus, there is little 1Ope for present and future barge requirements.

39 Houston Magazine, April, 1966.

Stanley A. Arbingast, "Texas Industrial Expansion, 1966,"
Texas Business Review, University of Texas, Austin' February, 1967,

Stanley A. Arbingast; Graham Blackstock; Betty Sue Hoe Texas.
Industrial Expansion, 7, Bureau of Business Research, University
of Texas, Vol. XVII, No., April, 1967, p. 6.

42 Interview with Mr. Joe E. Maddok, Assistant Manager, Blast
Furnace, Armco Steel Company, May 4, 1967.

43 Bucknall, 22. cit., P. 3.

546



Other ore deposits, such as the Llano and Iron Mountain magnetities,
are too distant to give .serious consideration to as a source of Trinity
barge traffic, at .least in the foreseeable future.

2. .Coal. Coking. coal has been, and still is, the chief deterent
to primary iron and steel production in the Trinity influence area.
At present Armco' s coking coal comes from the Claremore, Oklahoma-
Ft. Smith, Arkansas area (see Map 3) which, in turn, is enriched with
higher grade coking coals, from the Tait' s Gap, Alabama and Huntington,
West Virginia areas. Coal from the later two sources reaches Houston-
ex-barge, and the Alabama coals are being phased-out in favor of the
West Virginia coals from Armco-owned mines. The problem of obtaining
high quality coke is serious in the Trinity ea 'and at least one firm
uses rail, from the St. Louis, Missouri area. A barge rate of $3.25
a ton is in effect from Huntington,,West Virginia to Houston.' The
same rate would be logical for a St. Louis-Ft. Worth shipment via a
channelized Trinity River. Thus, it is conceivable that some coke
would become Trinity Waterway traffic. At one time, some coke did
reach Houston coastwise via the Chesapeake and, OhiQ and Norfolk and
Western docks in the Newport News and Norfolk, Virginia area. It is
doubtful that. this traffic will be revived in competition with the
extremely low, rail-barge, rates now in existence from the Southern
Illinois, West Virginia, Kentucky and Alabama fields.

Because of the coke situation, it is most likely that electric
furnaces, natural gas processes, H-iron or residual H-processes and
such other techniques as the use of an iron-powder catalyst all will be
studies and/or tried for application in the Trinity area.. None of
these different processes will add to the volume of heat sources
(coal. or coke) being barged.

3. Fluxing Materials. Texas limestones and dolomites are used
as. flux along' with boiler scale and in-plant scrap. By weight this
flux is about one-third that of coke required (in the blast furnaces)
and the relatively short rail-haul from the near Austin, Texas area
suggest that little or no urging of these materials is feasible.
Similarly, fluorspar does not warrant barging ad what little that is
needed for the open hearth furnaces will be railed in from Mexico.
However, in the event of international friction, the fact that the main
domestic sources of fluorspar are close to the Ohio River in Southern
Illinois and Kentucky, might in an emergency produce an occasional
bargeload.

4. Scrap. Scrap iron and steel (and other metals as well),
promises to become one of the major commodities likely to be barged on

1 cKinley Iron Works, Ft. Worth, Texas.
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a channelized Trinity. Right now Armco is using from 50,000 to 60,000
tons of iron and steel scrap a month. Most of it comes from within
a 100-mile radius, nearly all from within 250 miles. However, the new
U. S. Steel facility will treble this requirement and enlarge the
territory required to generate such a volume of scrap. Compounding
the effects of this development are the heavy overseas movements and
multi-needs of the numerous aforementioned primary iron and steel
plants.

Of importance in a study of possible movements of scrap on the
proposed Trinity are the following definitions of the mpjor grade cate-
gories.

(1) No. 1 heavy me steel. This may be not larger than 5
feet by 2 feet b at least one-quarter inch thick. This type of
purchased scrap, usually of obsolete material, is obtained from heavy
.capital goods such as structural shapes, tank plates, ship sides,
boilers, and bars.

(2) No. 2 hea melting steel. This is essentially the same as
No. 1 exceptthat it can be as thin as one-eighth inch. This class
is subdivided into two size groups, one up to 5 feet by 2 feet, the
other up to 3 feet by 1 1/2 feet. Automotive slab (see item 7 below),
a recently developed form into which old automobiles are processed,
is often classified in this category0

(3) Nu. b - in. This consists of loose light material, mostly
new but including some obsolete (except old auto body and fender stock),
which may not exceed 1 foot in any dimension.

(4) No. 1 bundles. These are made qp principally of prompt indus-
trial scrap, and consist of sheet clippings compressed mechanically
into bales or bundles weighing not less than 75 pounds per cubic
foot. This is a premium scrap because it is made up of new material
of known composition, free from contaminants and usually free of rust.

(5) No. 2 bundles. These consitute a less expensive item and are
made up of old black and galvanized material, often auto bodies, com-
pressed to a density of, not less than 75 pounds per cubic foot. Tin
or lead coated material or enam led stock may not be included. Although
the auto body sheet material is of good quality steel, a problem arises
from contamination resulting from incomplete removal of parts in which
nonferrous metals or nonmetallic materials are present. The tern No. 2
bundles will be used in this report as inclusive of both No. 2 bundles
and bundled No. 2 steel, an essentially similar material, which is
described in the following paragraph.

45U. S. Department of Commerce, Iron and Steel Scrap Consumtion
fr0blems,+ Superintendent of Documents, U. S. Government Priniting Office,
Washington, D. C., March, 1966, p. 5-6.
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(6) Bundled No. 2 steel. This is a comparatively new and
growing type of steel scrap, a variant of the No. 2 bundle. It is
an automobile bundle including the frame. As compared with the
No. 2 bundle, it tends to be higher in metallic return and lower
in contaminants, because the frame is lower in contaminants than
the body.

(7) No. 2 automotive slab. This is another comparatively new
type of steel scrap--often classified as a form of No. 2 heavy
melting steel scrap--into which old automobiles are increasingly
being processed. The method, of processing is to partially compress
the stripped automobile, and then to slice it with a shear into a
number of slabs. In contrast with No. 2 bundles, much of the
nonmetallic dirt is eliminated by this process. Furthermore, the
smaller size of the pieces makes it physically more acceptable
for use in electric furnaces than No. 2 bundles.

(8) Shredded (or fragmented) scrap. This is a new type of scrap
which has not yet been included in the commonly used specification
lists. It consists of small pieces of chopped up automobile bodies
and similar materials, from which dirt, other nonmetallic materials,
and nonferrous metals have been largely removed. These pieces
generally range from one-half inch up to 8 inches in length or width,
although a small proportion (less than 10 per cent) may range up
to 12 inches. The thickness is dependent on the nature of the part
of the car from which cut.

Qualitywise, shredded scrap is much superior to most No. 2
bundles, bundled No. 2 steel, or automotive slab, the other forms
in which this type of scrap material is processed. As yet it is
produced by only a few companies, and consumed by only a few iron
and steel producers. The annual production of shredded scrap is
well over 1 million tons, most of which is accounted for by one
large producer. It is particularly well adapted for use in electric
furnaces, where virtually all of the current supply is utilized.

(9) Steel turning and iron bor s. These are the residue, from
various machining and fabricating operations in converting iron and
steel into capital and consumer goods. They are primarily used in
blast furnaces. However, sometimes borings are briquetted for charg-
ing into gray iron foundry cupolas. A method was recently developed
for using borings in sintering.

(10) Several grades of steel and cast iron used primarily by
iron and steel foundries: crop(ends) from billets, blooms, bars,
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and forged material; structural shapes and plates; cast steel
(includes broken car wheels); hard steel (auto rear ends,
crankshafts, front axles, springs, and gears); cupola cast
(broken motor blocks and similar cast-iron material); charging
box scrape and heavy breakable cast.

Not all available scrap is consumed, principally because of the
presence of certain nonferrous metal and other impurities, which,
if too large in amount, give un sirable characteristics to the resul-
tant steel and foundry products. Most grades of scrap can be used
with care but "No. 2 bundles." This category of scrap includes
automobiles undercoatings, door handles, paint, copper fuel lines and
other car accessories. Some steelmakers will not use No. 2 bundles
under any conditions. New hammer mills may change this in the near
future; and, if such a mill is put on the Trinity in the . Worth-
Dallas area, this could generate a sizable barge volume. ((

When viewed with these categories and user requirements in mind,
it becomes clear why much usable scrap "stays at home". That is,it,
is consumed within its originating territory (see Map 4+). In the
territories shown the following generalizations apply:

Colorado Fuel and Iron (Pueblo) 30.4 sc ap
Border Steel (El Paso) 100% scrap
Armco (Kansas City) 100% scrap
Laclede (Alton) 100% scrap
Granite City Steel (Granite City) 20-30% scrap
Armco (Tulsa) 100% scrap
Armco (Houston) 30-40% scrap

soon less than
25-30% scrap

Lone Star Steel (Daingerfield) 20-30% scrap
Texas Steel (Ft. Worth) 100% scrap

Most of these plants use from 10,000 to 12,000 tons of scrap. a month.
Little is shipped great distances except for export when scrap is scarce.

In the past the only water movement out of the Trinity area of
influence was to Laclede Steel, Alton, Illinois;;and, then this moved
only during periods when scrap was scarce. Houston sldom goes beyond
Waco and Madisonville to the north, the Saline on the east, and

46 . cit., pp. 9-10.

7 Interview, Mr. Philip Aronaff, Stelmet Corporation, Houston,
Texas, May 17, 1967.
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San Antonio toward the west. (Thus, most of Houston's scrap hinterland
is not oriented to the Trinity.) At times, scrap has come to Houston
from such distant points as Oklahoma City.

However, the new U. S. Steel plant and a Trinity Waterway would
reshape much of the scrap marketing patterns throughout the entire
Southwest. And, if as suggested earlier, a hammer mill to upgrade
No. 2 bundles is established in the Ft. Worth-Dallas (on the Trinity)
then, indeed, the volume of crap barged would be a most significant part
of that waterway's traffic, especially downbound. And, an increased
use of automobile bodies for such conservation uses as fish spawning
grounds in the Gulf, or to stem beach or stream-bank erosion would add
to the total tonnage to move by barge.

In any event, there is already a heavy movement of scrap to
Houston for export, some 162,200 tons of potential downbound traffic
was reported in the industry ,survey, (see Table 12). Significantly,
no upbound scrap possibilities were found in the survey. In fact,
as most tonnage potential is upbound items, scrap would be an ideal
backhaul commodity.

One large hammer mill on the Trinity alone would produce some
336,000 tons of No.. 2 bundles, 80 pounds to the cubic toot annually.9
This amount when added to the present 162,200 tons in which shippers
have indicated an interest in barge traffic, plus a 2.2 per cent
(based on population growth rate) annual growth increment will produce
586,650 net tons by 1985 and 683,374 by the end of the century (see
Table 28). Without a large hammer mill on the Trinity, the comparable
figures will be 250,650 and 347,374 tons, respectively.

5. Bullets and Pig Iron. In the Trinity influence area billets,
for the most part, are processed integral to the mills in which they
are produced. Little barging of billets is expected on the Trinity.
There is little, if any, billet traffic into Houston at present. That
there might be some in the future is conceivable, depending on the
construction of rolling facilities at processing warehouses in the
Ft. Worth-Dallas area.

On the other hand, some pig iron is likely to move by barge.
In fact, 21,600 tons of pig iron were listed by industries as possible
Trinity traffic (see Tables 11 and 12). And, still other firms suggested
that they, too, would be interested in bringing in pig iron if low-cost.
water transport were made available. 5 0 With the advent of new mills,

48 .0cit.

49 cit.

50A Ft. Worth, Texas Iron Works.
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processors and concentration on pelletized iron ore, more and more pig
iron is likely to become amenable to barging (see Table 29).

TABLE 28

PROJECTIONS OF POTENTIAL (SOUTH DOWN]-BOUND) FERROUS-SCRAP TRAFFIC
ON A CHANNELIZED TRINITY: 1966-2035

Based Rounded Rounded
on to With a Large Riparian to

Present Nearest Hammer Mill on the Trinity Nearest
Year Interests 1000 tons (336,000 ton annual ton capacity) 1000 tons

1965 158,646 tons 159 (Not yet constructed)
1966 162,200 162
1970 176,951 177 512,951 tons 513
1975 197,292 197 533,292 533
1980 219,969 220 555,969 556
1985 245,254 245 581,251 581
1990 273,,446 273 609,446 609
2000 339,923 340 675,923 676
2020 525,288 525 861,288 861
2035 728,050 728 1,064,050 1,064

Figure determined by Corps of Engineers Survy of 1966 movements
projected backward to 1965 using the 2.2 per cent growth-rate. Com-
pound interest rate applied of 2.2 per cent annually. Bases of growth-
rate--population rate-of-growth.

6. Steel mill products (other than billets ands iron). Due
to problems of equalizing prices against lower transportation costs,
competition and a conviction that lower-cot transportation on the
Trinity is not in their best interest, data on steel products moving into
the upper Trinity Area from the mill companies, per se, is difficult to
detail.

The American Iron and Steel Institute provided the Trinity River
Improvement Association a total figure of .857,312 net tons for shipments
of steel mill products in 1965 into the market area delimited on Map 5.
Of this amount, 149,707 tons was oil field goods leaving a balance of
707,605 net tons. The Corps of Engineers survey listed a total upbound
net tonnage of 945,592 (see Table 9).
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Of the nine mills reporting 85 per cent of the AISI tonnage,
the Corps of Engineers identified 245,105 tons which were shipped
into the Trinity Impact Area and for which hippers had expressed an
interest in moving these products by water. These 245,105 net tons are
close to 35 per cent of the tonnage shipped into the market area shown
on Map 5. Taking into consideration the 300 to 600 ton bargeload
minimums required for water movement and a need to move many shipments
faster than is possible by water and the fact that most shippers are not
immediately on water, this 35 per cent figure takes on real significance
as an indication of the number of shippers interested in having a
channelized Trinity. That indicates this tonnage will grow at a rate
relatively faster than the population growth rate of the area has
already been discussed. And, that the steel mills, too, recognize a
growth situation is evident in the already announced new plants to be
built and the updating and expansion of present facilities.

Thus, in summary of this section, insofar as the Trinity's future
is related to iron and steel, there is a conserva ve 215,105 tons of
mill product moving into the Trinity Impact Area, "'which could be I
expected to move by water . Then, if this sum is expanded at the growth
rate of 2.2 per cent by the time that such a project could be completed
(1985) there would be the market demand for 487,706 tons or more than a
bargeload per day of mill shipments that could, if the rate structure
permits, move up the Trinity (see Table 29).

5 khe nine steel companies listed are: Armco Steel Corporation,
Bethlehem Steel Company, Granite City Steel Company, Inland Steel Company,
Jones.Laughlin Steel Corporation, Northwestern Steel and Wire Company,
Republic Steel Corporation, U. S. Steel Corporation, and Youngstown
Sheet and Tube Company.

52Based on the AISI statement that 227,11+7 net tons which the Corps
of Engineers survey determined moved into the Market area on Map 5 was
but 85 per cent of the total pf all mill products moving into the area
which could then be considered as reasonably adaptable to barge ship-
ment.

ChartingSteel's Progress During , American Iron and Steel
Institute, p. 13.
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E. Summary Estimating Future Levels of Probable Iron and. Steel Traffic
Using a Channelized Trinity.

In summary, the total future of iron and steel in the Trinity
River Economic Impact area is expected to increase at a rate above the
national current average 3.7 for steel ingot production and even
exceed th 5.4 per cent rate of growth for shipments of steel mill
products. Rates of growth used in this study were intentionally
conservative and in review are:

Iron and Steel Category

Oil Field Related. Iron & Steel

Iron and Steel Prdducts for the
Manufacturing and Construction
Industries

Ferrous Scrap
Mill Products

Average Annual
Growth Rate Used.

Based on production projections

2.2
2.2

Rate varies as follows:
3.5 per cent through 1985;
3.0, 1985-2000; 2.2, 2000
to 2035.
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Administration, U. S. Industrial Outlook, 1967, U. S. Government Printing
Office, Washington, D. C., December, 1966, p. 100.



TABLE 29

PROJECTION OF STEEL MILLS' PRODUCTS SUITABj FOR MOVING
BY BARGE ON A CHANNELIZED TRINITY

Volume
Rounded to

Year Volume Nearest 1000 tons

NOTE: 1965 total actually exceeds
1965 1966 as actually surveyed based 252,380 net tons 252
1966 on the following calculations: 245,105 245
1970 21+51052 4+ 281,261l 281
1975 "9 3366,052 334
1980 89,9953 92,6665 396,750 397
1985 2From 1966 survey 471,214 1+71
1990 3AISI Table 13, Net shipments of 51,266 51+6
2000 steel products--all grades, 1966 734,137 734
2020 1965 equivalent of 1966 survey 1,13+,1+73 1,13+
2035 data 1,572,379 1,572

51965 data as explained in
footnote 3, above

For source of these data see' text discussion and footnotes 52 and 53
p. 72 . (Per cent increase compounded annually--again see text previous=
paragraph.)

The total tonnage surveyed and found to be of interest to iron and
steel shippers in terms of moving them on the Trinity is calculated at
1,185,888. Conservative growth factors to be applied to project these
tonnages have been developed throughout the study and are footnoted
(see Table 30). Based on the factors developed in this study, various
segments of the economy will grow at different rates. The projections
presented here are recommended for use in calculating cost and engineer-
ing factors on the proposed waterway and indexes for the proposed rates
of growth are shown in Table 31.

In brief, the iron and steel economy of the Trinity Impact Area is
so sound and brisk that today there are some 1,207,927 net tons that would
move on a channelized Trinity. Most conservatively by 1985 this total will
be 2,108,588; by 2000,2,790,867; and, by 2035, it will be 5,349,548.
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TABLE 30

PROJECTIONS OF IRON AND STEEL TRAFFIC VOLUMES
FOR A CHANNELIZED TRINITY RIVER

Mill Products4  Total Projected
Year Oil Field Goodsl Scrap3  in 1965 Survey All Others5  Volume

1965 176,100 158,646 252,380 620,8016 1,207,927
1966 175,6762 162,200 245,105 602,907 1,185,888
1970 173,977 512,951 281,264 657,740 1,625,932
1980 152,474 555,969 396,750 817,642 1,922,835
1985* 144,492 581,254 471,214 911,628 2,108,588
1990 133,741 609,446 546,266 1,016,418 2,305,871
2000 117,288 675,923 734,137 1,263,519 2,790,867
2020 81,450 861,288 1,134,473 1,910,504 3,987,715
2035* 65,160 1,064,050 1,572,379 2,647,959 5,349,548

N1 *Project Years.

1Based on Tables 14, 15 and 20. This traffic is approximately 90 per cent upbound.
2Estimated as one-fifth of the decline from 1965 to 1970.
3Based on Table 28. This traffic is 100 per cent downbound.
4Based on Table 29. This traffic is at least 95 per cent upbound.
5Based on Galveston District, Corps of Engineers, 1966 Survey of Trinity River Area Inventory. See

Tables 9, 10, 11, 12, and 13. "All Other" tonnages were projected based on a long-range population growth
of 2.2 per cent compounded annually. For an explanation of "All Other" category see footnote 4 of Table
31. That this is conservative and can be supported see text accompanying Tables 21, 22, 23, 24, 25, 26,
and 27. This traffic is approximately 80 per cent (79.6 per cent) upbound.

6 Calculated as follows:
602,907 - X (1965 share in this category)

1966 AIS et Shipments of Steel Products - 1965 AISI Net Shipments of Steel Products
(89,995 thousands of net tons)7 (92,666 thousands of net tons)7

7
AISI Annual Statistical Report, 1966, Table 13.



TABLE 30-A

PROJECTION INDEXES OF IRON AND STEEL TRAFFIC VOLUMES

FOR A CHANNELIZED TRINITY RIVER

All Total Projected

Year Oil Field Goods Scrap Mill Products All Others Volume

Less Oil Field Goods

1965 100.0 100.0 100.0 100.0 100.0

1970 98.8 323.3 111.4 105.9 134.6

1980 86.6 350.4 157.2 131.7 159.2

1985 82.0 366.4 186.7 146.8 174.6

1990 75.9 384.2 216.4 163.7 190.9

2000 66.6 426.0 290.1 203.5 231.0

2020 46.2 542.9 449.5 307.7 330.1

2035 37.0 670.7 623.0 426.5 442.9

V7l
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But, as this report is an attempt to produce logical projections
a most conservative approach is not necessarily the best available
projection. Conversely, it would serve no useful purpose to calculate
projections on the high-side. Obviously a compromise is preferred--
but even this should for reasons of defensibility and possible argument
be on the law side. Such a project is shown in Tables 31 and 31-A.
These figures are the ultimate conclusion of this study and their
adoption, for the reasons and logic developed within the study, are
urged for incorporation within the fuel study. A recap of these
projections is shown in Chapter I, Summary-Conclusions of the study.
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TABLE 31

PROJECTIONS OF IRON AND STEEL TRAFFIC VOLUMES FOR A CHANNELIZED TRINITY RIVER

SHOWING ALL MILL PRODUCTS AS REFLECTING RATES OF GROWTH

IN EXCESS OF POPULATION GROWTH RATES

All Total

All Mill Products Projected

Year SOil Field Goods' Scrap2 Mill Products3 Less Oil Field Goods All Others4  Volume

1965 176,100 158,646 (981,096)5 804,9965 236,3065 1,376,048

1966 175,676 162,200 (952,817) 777,141 229,495 1,344,512

1970 173,977 512,951 (1,093,380) 919,403 259,653 1,865,984

1980 152,474 555,969 (1,442,322) 1,389,848 332,377 2,430,668

1985* 144,492 581,254 (1,831,799) 1,687,307 376,053 2,789,106*

1990 133,741 609,446 (2,123,558) 1,989,817 425,468 3,158,472

2000 117,288 675,923 (2,853,178) 2,735,890 544,636 4,073,737

2020 81,450 861,288 (4,409,067) 4,327,617 892,448 6,162,803

2035* 65,160 1,064,050 (6,110,968) 6,045,808 1,292,529 8,467,547*

'See footnote 1, Table 30.

2See footnote 2, Table 30.

3A11 mill products surveyed and inventories as follows, but less oil field related: Upbound--angles,

30,000 net tons; bars, 54,790; coil, 83,307; pig, 10,400; pipe, 60,012; plates, 140,328; rebars, 600; rods,

18,000; shapes, 62,330; sheets, 69,712; structural, 351,778; tubing, 20,500; and, wire, 4,340. Downbound--

structural, 20,700; and, pipe, 26,020. Projected at 3.5 per cent compounded annually, 1965-1985; 3.0 per cent

1985-2000; and 2.2 per cent, 2000 to 2035. Ninety-five per cent of this total is upbound.

40ther than mill-type products includes processed, shaped or manufactured items beyond the basic mill

form which the Corps of Engineer surveyed and inventoried which might, 
or might not, increase at rates above

the metropolitan population growth rate, but which definitely will move 
at or in excess of statewide population

growth levels. Hence, 2.5 per cent, compounded annually is arbitrarily assumed 
to be a compromise between the

3.5 rate developed in the text dealing with employment and value added, and the more conservative, minimum,

population projections of 2.2 per cent compounded annually.

5For method of calculation see footnote 6 of Table 30.
*Project years.
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TABLE 31-A

INDEXES FOR PROJECTIONS OF IRON AND STEEL TRAFFIC VOLUMES FOR A CHANNELIZED TRINITY RIVER

SHOWING ALL MILL PRODUCTS AS REFLECTING RATES OF GROWTH

IN EXCESS OF POPULATION GROWTH RATES

All Total
All Mill Products Projected

Year Oil Field Goods Scrap Mill Products Less Oil Field Goods All Others Volume

1965 100.0 100.0 100.0 100.0 100.0
1970 98.8 323.3 114.2 109.9 135.6
1980 86.6 350.4 172.6 140.6 176.6
1985* 82.0 366.4 209.6 159.1 202.7
1990 75.9 384.2 247.2 180.0 229.5
2000 66.6 426.0 339.9 230.5 296.0
2020 46.2 542.9 537.6 377.7 447.9
2035* 37.0 670.7 751.0 547.0 615.5

*Project Years.
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IV. IMPACT OF A RED RIVER CHANNEL ON
POSSIBLE TRINITY NAVIGATION

The only obvious impact that the proposed Red River Navigation
Channel will have on a Trinity River Shipments will relate to the
Lone Star Mill operations at Daingerfield. First of all, the plant
is practically on the Red and, secondly, much of Lone Star's market for
their N-80, a special grade of tubular goods made especially for deeper
wells, is located off of the Louisiana coast.

While Texas production of crude oil has declined relatively,
production in other states of significance to future iron and steel
traffic on the Trinity, notably Louisiana, has increased both absolutely
and relatively. In 1947 Louisiana produced 8.6 per cent the national
total; by 1964 this ratio had increased to 19.8 per cent. Much of
the increased Louisiana activity is in relatively deep offshore
drilling (see Tables 32 and 33).

The real significance in this Louisiana offshore activity to the
Trinity projects lies in the desire on the part of the Lone Star Steel
Company at Daingerfield, Texas.to be competitive in the offshore ser-
vicing centers aligned for the most part along the Intracoastal Water-
way (see Map 1). The Lone Star Steel Company now specializes in the
production of oil-field goods--well tubing, line pipe, .and cast iron
pressure pipe--and:(toward the end of 1967) the company plans to
distribute a special well drilling steel for deep holes known as N-80.
The logical market for this product is the Louisiana offshore area.
In fact, the company now trucks to pipe stock points at Venice, Houma
and Vidalia, Louisiana and to Houston and Corpus Christi, Texas. Lone
Star sells in this market because of product rather than price or
transportation advantage (see Map 1). The present truck rate 'of
59.5 cents per ton on a 30,000 pounds minimum and 39.0 cents on a
42,000 pounds minimum, plus a mark-up of $10 a ton over Eastern Mills
limits the price-competitive area as shown (see Map 1). However, if
a riparian terminal, say on the Red River were to permit barging of
Lone Star' s deep-well goods and accompanying materials to aforementioned
pipe stock points accessible via the Red and Intracoastal Waterway, there
to be unloaded or transferred with equipment already at the offshore-
drilling supply -points listed, then some 70,000 to 100,000 tons of traffic
annually in iron and steel oil-field goods might profitably move on the
proposed Red Waterway rather than move to the Dallas-Ennis stretch
of the Trinity and thence by barge on that waterway to Intracoastal canal
points.

55American Petroleum Institute, Petroleum Facts and Figures, 1_5,
p. 36 .
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TABLE 32

U. S., TEXAS, AND LOUISIANA
AND PERCENT OF U.

(Thousands of

CRUDE OIL PRODUCTION
S. PRODUCTION
Barrels)

Production
U. b.Year

1947
1948
1949
1950
1951
1952

1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964

1,856,987
2,020,185
1,841,940
1,973,574
2,247,711
2,289,836
2,357,082
2,314,988
2,484,428
2,617,283
2,616,901
2,449,016
2,574,590
2,574,933
2,621,758
2,676,189
2,752,723
2,786,822

Texas

820,210
903,498
744,834
829,874

1,010,270
1,022,139
1,019,164

974,275
1,053,297
1,107,808
1.,073,867

940,166
971,978
927,479
939,191
943,328
977,835
989,525

Louisiana

160,128
181,458
190,826
208,965
232,281
243,929
256,632
246,558
271,010
299,421
329,896
313,891
362,666
400,832
424,962
477,153
515,057
549,698

Texas as %
of U. S.

Louisiana as
% of U. S.

44.2
44.7
40.4

42.0
44.9
44.6
43.2
42.1
42.4
42.3
41.0
38.4
37.8
36.0
35.8

35.2
35.5
35.5

8.6
9.0
10.4
10.6
10.3
10.7
10 9
10.7
10.9
11.4
12.6
12.8
14.0
15.6
16.2
17.8
18.7
19.8

SOURCE OF DATA: American Petroleum Institute, Petroleum

SOURCE OF TABLE:
Facts and Figures.

Houston City Planning Commission, Metropolitan Houston Long-Range Economic StudyResearch Paper No. 12, Houston, Texas, December 1966.



TABLE 33

OFFSHORE DRILLING ACTIVITY

LOUISIANA AND TEXAS

1958-1962

Total Wells Total Footage
Year LouTsianTaTexas LouTsiana Texas

1958 487 19 4,702,522 170,796

1959 475 6 4,868,223 49,612

1960 505 10 5,173,068 94,783

1961 496 7 5,146,476 74,750

1962 725 6 7,535,567 72,139

SOURCE: American Petroleum Institute, Petroleum Facts and Figures,
1963, p. 35.
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V. REASONS WHY IRON AND STEEL SHIPPERS
WILL USE THE TRINITY WATERWAY

The advantages of a Trinity Waterway to its hinterland iron and
steel shippers are both direct and indirect. One of the most direct
benefits to iron and steel shippers in both supply and market areas is
freight savings. However, and as was pointed out, due to marketing
techniques, iron and steel mills may have to absorb these. savings in
terms of the total price charged; however', in terms of the many, many
users, these are real savings that can, and probably will, aid in the
area's total economic development.

In addition, the Waterway will serve riparian constrution sites,
such as bridges, dams, industrial plants with a means of obtaining
deliveries of iron and steel at relatively low cost. And, in ters
of advantages to iron and steel producers are the following:

1. Chain-rolls from the mills lend themselves to barge mills.

2. Intra-corporate movements of iron and steel are most likely
to be considered as an advantage to mills, and other shippers,
rather than intercorporate movements where the lower cost water
transport Mans, due to equalization in the marketing technique,
that savings must be past on to the ultimate consumer through
absorption.

3. It provides a lower rate-ceiling on iron and steel products
area-wide.

Ll. It provides opportunities in-transit storage.

5. It provides ingress and egress for import and export iron and
steel.

6. It provides a means of moving "over-sized" commodities.

7. It adds a needed mix to the other modes present in the
area.

.8. It saves on scarce and valuable industrial land that might
otherwise have to be used for rail switching or truck terminals.

9. It will provide a means of moving in-volume scrap and old
cars (for fish spawning grounds and coastal storm protection facilities).

10. It will permit some companies to extend their water related
markets and/or sources of raw materials and supplies.
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APPENDIX A

SERVICE CONTRACT OUTLINING STUDY

TO BE MADE
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THIS CONTRACT, entered into thi 15th gay f February 1967, by

the United States of America (hereinafter referred to as the Goveran t) repre-

sented by the Contracting Officer exccuting this contract and Dr. J. Edwin Becht

an individually owned organization trading as Dr. J. Edwin Becht, Industrial
Location and Market Analyst,.
in the City of Houston in the State of Texas (hereinafter

referred t.o as the Contractor)

WITNESSETH TIAT:

WHEREAS, the accomplishment of the work and services hereinafter described

in the manner contemplated herein is authorized by law and

WHEREAS, the Contractor acting personally is specially qualified to perform

such work and- services and

WHEREAS, it is deemed to be in the best interest of the Goverrzent to obtain

the assistance of the Contractor in connection with said work and services

NOW, THEREFORE, the parties hereto do mutually agree as follows:

ARTICLE I. Character andaxtent of Serv ces. The ('ntractor shall furnish
the following work and services:

For performance of a study and preparation of a reportz of prac;nt moments
of iron and steel and their products in area of in luenc3 of Trini y iver aviation
project and determination of transportation Gavifls rcaliacd by use of Trinity
River Waterway in lieu of least costly alternative transportation mode as described
in appendix "A" attached hereto and mado a part hereof.
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ARTICLE 2. Changes. - The Contracting Officer may at any time, by a
written order, make any changes within the general scope of this contract

which may either increase or decrease the work and services hereunder. If
such change causes an increase or decrease in the cost of or the time required

for performance of this contract, an equitable adjustment shall be made and the

contract shall be modified in writing accordingly. Any claim by the Contractor
for adjustment under this Article must be asserted within 30 days from the date

of receipt by the contractor of the notification of change; Provided, however,

that the Contracting Officer, if he decides that the facts justify such action,
may receive and act upon any such claim asserted at any time prior to final pay-
ment under this contract. Failure to agree to any adjustment shall be a dispute
concerning a question of fact within the meaning of the clause of this contract
entitled "Disputes." However, nothing in this clause shall excuse the contractor
from proceeding with the contract as changed.

ARTICLE 3. Period of Services. The Contractor shall complete all work
required under the terms of the contract as follows:

(a) The study and draft of the report shall be completed within 70
calendar days from date of receipt of executed contract.

(b) Based on the approved draft of the report and written notice of
approval thereof, the report shall be completed within 14 calendar days.

ARTICLE 4. Compensation to the Contractor. For and in consideration of

the services furnished by the Contractor under the provisions of Article l.of
this contract, the Government agrees to pay the Contractor the lump sum of
Five thousand, Two hundred, fifty dollars ($5,250.00).

ARTICLE 5. Method of Payment.

(a) Estimates shall be made of the amount and value of work and

services performed by the Contractor under this contract of separable end items
determined in accordance with Article 1 hereof.

(b) Upon approval of such estimates by the Contracting Officer pay-
ment upon properly certified vouchers shall be made to the Contractor as soon
as practicable of 907. of the amount as determined above, less all previous pay-
ments.

(c) Upon satisfactory completion by the Contractor and acceptance by
the Contracting Officer of all work, the Contractor will be paid the unpaid
balance of any money due for work under said Article including retained percent-

ages relating to the work.

ARTICLE 6. Requirements for Registration of Designers. The design of

architectural, structural, mechanical, electrical, civil or other engineering
features of the work shall be accomplished and/or reviewed and approved by
architects or engineers registered to practice in the particular professional

field involved in a State or possession of the United States or in the District
of Columbia.

569



ARTICLE 7. Drawings and Other Data to become Property of the Government.-

(a) The contractor agrees that all notes, designs, drawingr;-peci-
fications and other technical data produced in the performance of 4tbis contract
shall be the sole property of the Government including all rights therein of
whatever kind and whether arising from the common or civil law, equity, or the
statutes of the United States of any State thereof.

(b) The contractor agrees that duly authorized representatives of
the Government shall have access, at all reasonable time, to inspect and
make copies of all notes, designs, drawings, specifications or other technical
data pertaining to the work to be performed under this contract.

ARTICLE 8 Contracting Officer's Decisions.- The extent and character of
the work and services to be performed by the contractor shall be subject to the
general supervision, direction, control and approval of the contracting officer
to whom the contractor shall report and be responsible. In the event that
there shall be any dispute with regard to the extent and character of the work
to be done, the decision of the contracting officer shall govern, but the con-
tractor shall have the right of appeal as provided in Article 9.

"

ARTICLE 9. Disputes (JAN 1958) (ASPR 7-103.12)
'/

(a) Except as otherwise provided in this contract, any dispute con-
cerning a question of fact arising under this contract which is not disposed
of by agreement shall be decided by the Contracting Officer, who shall reduce
his decision to writing and mail or otherwise furnish a copy thereof to the
Contractor. The decision of the Contracting Officer shall be final and con-
clusive unless, within 30 days from the date of receipt of such copy, the Con-
tractor mails or otherwise furnishes to the Contracting Officer a written
appeal addressed to the Secretary. The decision of the Secretary or his duly
authorized representative for the determination of such appeals shall be final
and conclusive unless determined by a court of competent jurisdiction to have
been fraudulent, or capricious, or arbitrary, or so grossly erroneous as
necessarily to imply bad faith, or not supported by substantial evidence. In
connection with any appeal proceeding under this clause, the 'Contractor shall'
be afforded an opportunity to be heard and to offer evidence in support of his
appeal. Pending final decision of a dispute hereunder, the Contractor shall
proceed diligently with the performance of the contract and in accordance with
the Contracting Officer's decision.

(b) This "Disputes" clause does not preclude consideration of law
questions in connection with decisions provided for in paragraph (a) above;
Provided, That nothing in this contract shall be construed as making final
the decision of any administrative official, representative, or board on a
question of law.
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ARTICLE 10. T2rinatio-.-

(a) The Govern lent ray terminate this contract at any time and

for any cause by notice in writing frora the Contracting Officer to the Con-

tractor. Upon receipt of such notice the Contractor shall, unless th*

notice directs otherwise, immediately discontinue all work and services.

(b) If the contract is terminated for the conven&ene of the

Goverimmt, payment to the Contractor will 
be' made promptly for that pro

portion of the work and services required under the contract which, the wr

and-services actually performed bear to the total work and services requzre

under the contract, less any payment previously made.

(c) If this contract is terminated because of the failure on the

part of the Contractor to fulfill his undertakings undecrthis contact) the

Government may take over the work~ and services and proscute the same to Ocon-

pleten by yontrac t or otherwise, and the Contractor shall be liable to the

Gover inttr any excess cost occasioned to the Government thereby.

1U. officials not to Benefit.- (Jul 49) (ASS 7103.19)

go member of or delegate to Congress, or resident comi ssiOner, shall be

admitted to any share or part of this contract, crtotranybuedenefit t th this
arsa*rlfrc; but this provision shall not te t

contract if ma4h with a corporation for its general benefit.

AETICLE 12. Coven(ntJn )AEt Cotingen e an ( 7.03.20)

;ie 
Contractor warrants that no person or 

.eUling ngency has been eyed

or retained .to solicit or secure this contract upon an agreemt or understafdng

for a c,.orrssion, percentage, brokerage, or cont in nt taencexepmaintained by

cmpl ces or bonafide established commercial or s liFor beach or violation
the 0ntwactor for the purpose of securing business Fo brrach otvcontrat
of this wrrSnty the Government shall havete rit to anul ti or

without liability or in its' discretion to deductlront the contractprice or
cons1hrStion, or otherwise recover, the full amount of such

cantlge, brokerage or contingent fee.
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ARTICLE 14. Convict Labor.- (March 1949) (ASPR 12-203)

In connection with the performance of work under this contract,. the Contractor
agrees not to employ any person undergoing sentence of imprisonment at hard labor.

ARTICLE 15. Assignment of Claims.- (Feb 62) (ASPR 7-103.8)

(a) Pursuant to the provisions of the Assignment of Claims Act of 1940,
as amended (31 U.S.C. 203, 41 U.S.C. 15), if this contract provides for payment
aggregating $1,000 or more, claims for monies due or to become due the Contractor
from the Government under this contract may be assigned to a bank, trust company,
or other financing institution, including any Federal lending agency, and may there-
after be further assigned and reassigned to any' such institution. Any such assign-
ment or reassignment shall cover all amounts payable under this contract and not
already p:d, and shall not be made to more than one party, except that any such
assignment or reassingment may be made to one party as agent or trustee for two or
more partic ,participating in such financing. Unless otherwise provided in this
contract, payments to an, assigned of any monies due or to become due under this
contract shall not, to the extent provided in said Act, as amended, be subject to
reduction or set-off.

(b) In no event shall copies of this contract or of any plans, specifi-
cations, or other similar documents relating to work under this contract, if marked
"Top Secret," "Secret," or "Confidnetial, " be furnished to any assignee of any
claim arising under this contract or to any other person not entitled to receive
the same. However, a copy of any part pr all of this contract so marked may be
furnished, or any information contained therein may be disclosed, to such assignee
upon the prior written authorization of the Contracting Officer.

ARTICLE 16. Interest (May 1963) (ASPR App. E-620)

Notwithstanding any other provision of this contract, unless paid within
30 days all amounts that become payable by the Contractor to the Government under
this contract (net of any applicable tax credit under the Internal Revenue Code)
shall bear interest at the rate of six percent per annum from 'the date due until
paid and shall be subject to adjustments as provided by Part 6 of Appendix E of
the Armed Services Procurement Regulation, as in effect on the date of this con-
'ract. Amounts shall be due upon the earliest one of (i) the date fixed pursuant;o this contract, (ii) the date of the first written demand for payment, consistent
ith this contract, (iii) the date of transmittal by the Government to the Contractor

of a proposed supplemental agreement to confirm completed negotiations fixing the
amount, or (iv) if this contract provides fo: revision of prices, the date of written
Notice to the Contractor stating the amount of refund payable in connection with a
ricing proposal or in connection with a negotiated pricing agreement not confirmed

by contract supplement.
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(Apr. 65) (EdI 7-070 and ASPR 7-602.1)

(s) The term "Head of the Agency" or "Secretary" as used herein means the
Secretsrj of the Army; and the term "his duly Authorized Representative" means
the Ciief of Engineers, Department of the Army, or an individual or board
designAtedi by him.

(0) The term "Contracting Officer" as used herein means the person
execut ing this contract on behalf of the Government and includes a duly appointed
successor or authorized representative.

ARTICLE 18. Examination of Records.- (FEB 62) (ASPR 7-104.15)

(a) The Contractor agrees that the Comptroller General of the United
States or any of his daly authorized representatives shall, until the expiration
of three years after final payment under this contract, have access to and the
right to examine any directly pertinent books, documents, papers and records of

the Contractor involving transactions related to this contract.

(b) The Contractor further agrees to include in all his subcontracts here-
under a provision to the effect that the subcontractor agrees that the Comptroller

General of the United States or any of his duly authorized representatives shall

until the expiration of three years after final payment under the subcontract
have access to and the right to examine any directly pertinent books, documents,

papers, and records of such subcontractor, involving transactions related to the

subcontract. The term "subcontract" as used in this clause excludes (i) purchase

orders not exceeding $2,500 and (ii) subcontracts or purchase orders for public
utility services at rates established for uniform applicability to the general
public.

ARTICLE 19. Gratuities.- (MAR 1952) (ASPR 7-104.16)

(a) The Government may, by written notice to the Contractor, terminate the

right of the Contractor to proceed under this contra. if it is found, after
notice and hearing by the Secretary or his duly authorized representative, that
gratuities (in the form of entertainment, gifts or otherwise) were offered or
given by the Contractor, or any agent or representative of the Contractor, to

any officer or employee of the Government with a view toward securing a contract

or securing favorable treatment with respect to the awarding or amending or the

making of any determinations with respect to the performing of such contract,
Provided, that the existence of the facts upon which the Secretor: or his duly

authorized representative makes such findings shall be in issue and may be
reviewed in any competent court.

(b) In the event this contract is terminated as provided in paragrah (a)
hereof, the Government shall be entitled (i) to pursue the same remedies against
the Contractor as it could pursue in the event of a breach of the contract by the

Contractor, and (ii) as a penalty in addition to any other damages to which it may
be entitled by law, to exemplary damages in an amount (as determined by the Secre-

tary or his duly authorized representative) which shall be not less than three nor

more than ten times the costs incurred by the Contractor in providing any such
gratuities to any officer or employee.

(c) The rights and remedies of the GCvernment provided in this clause shall

not be exclusive and are in &dition to any other rights and remedies provided
by law or under this contract.
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ARTICLE 21. Renwgo--iatoin. -(Oct 59)(ASPR :-703.13)

(a) TO the extent required by law, this contract is subject to
the Renegotiation Act of 1951 (50 USC pp. 1211, et seq), ag amended, and
to any subsequent act of Congress providing for the renegotiation of con-
tracts. Nothing contained in this clause shall impose any renegotiation
obligation with respect to this contract or any subcontract hereunder which
is not imposed by an act of Congress heretofore or hereafter enacted. Sub-
ject to the foregoing. this contract shall be deemed to contain all the pro-
visions required by Section 104 of the RenegotiationAct of 1951, and by
any such other act, without subsequent contract amendment specifically in-
corporating such provisions.

(b) The Contractor agrees to insert the provisions of this
clause, irciuding this paragraph (b) in all subcontracts, as that term is
defined in Section 103g of the Renegotiation Act of 1951, as amended.

574



ARTICLE 22. Alterations in Contraot.-(Jul 49)(ASPR 7-105.1)

The following alterations have been made in provisions 
of this

contract:

ARTICLE 13. Equal Opportunity was deleted.

ARTICLE 20. Accident Prevention was deleted.
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IN WITNESS WHEREOF, the parties hereto have executed this contract
as of the day and year first above written.

WITNESSES:

(Address)

(Address)

E UNITED STATES OF AMERICA

trictic fiei
SA. Br.ICANCZ

Contracting Officer

DR. J. EDWIN BECH T NT t M
(Contractor) MARKET ANALYST

Title Owner

(Address)

_,_, certify that I am the secretary of

the corporation named as Contractor herein; tat

who signed this contract on behalf of the Contractor; was then

of said corporation; that said contract was duly signed for and on behalf of

said corporation by authority of its governing body, and is within the scope

of its corporate powers.

(CORPORATE SEAL)
(Secretary)
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GENERAL SERVICES ADMINISTRATION AMENDMENT OF SOLICITATION/MODIFICATION OF CONTRACTFE.PROC. REG. (41. CFA) 1-16.101

1. AMENDMENT/MODIFICATION NO. 2. EFFECTIVE DATE 3. REQUSITION/PURCHASE REQUEST lub. 4. PROJECT NO. (If applicale)

__25 Oc1t 1967
5. ISSUED BY CODE 6. ADMINISTERED BY (If ether them block 3) CODE

nepanrtm- at ft A r
*elvrcrron Dstt Corpso of 1?ngincexr'a

00 Po fox 12z9

7. CONTRACTOR CODE FACILITY CODE e.
NAME AND ADDRESS AMENDMENT OP

SOLICITATION NO.

Tt D AT ED (See block 9)
(Street, city, I btr.
county, stars. -81- CTIONOF Om it6and ZtIP 51411, .- . .. j dv . .. ; ~rMODIFICATION OP DA0V4 67.x(.006
Cnd lip - ) .- CONTRACT/ORDER NO.
Code)

.. I D ATE D_______ block itI) -

9. THIS BLOCK APPLIES ONLY' TO AMENDMENTS OF SOLICITATIONS

The above numbered solicitatipn is amended as set forth in block 12. The hour and date specified for receipt of Offers [3 is extended, [] is not extended.

Offerors must acknowledge receipt of this amendment prior to the hour and date specified in the solicitation, or as amended, by one of the following methods:

(o) By signing and returning. copies of this amendment; (b) By acknowledging receipt of this amendment on each copy of the offer submitted; or (c) By seperote letter or telegram
which includes a reference to the solicitation and omendment'numbers. FAILURE OF YOUR ACKOWLEDGMENT TO SE RECEIVED AT TNE ISSUING OFFICE PRIOR TO THE OUR AND
DATE SPECIFIED MAY RESULT IN REJECTION OF YOUR OFFER. If, by -virtue of this amendment you desire to change on offer already submited, such change may be mode by telegram
or letter, provided such telegram or letter sakes reference to the solicitation and this amendment, and is received prior to the opening hour end date specified.

10. ACCOUNTING AND APPROPRIATION DATA (If required)

9 312C m:ru tifs G wal, Corps of Tginmri, Civil
11. THIS BLOCK APPLIES ONLY TO MODIFICATIONS OF CONTRACTS/ORDERS

(a) Q This Change Order is issued pursuunt to

The Changes -eI forth in block 12 are made to the above numbered csuntroct/order.

(b) [3 The above numbered contracl/order is modified to reflect the administrative changes such s changes in pye- ofl aer lotion dat, etc.) set forth In block 12.

(c) ( J This Supplemental Agreement is entered into pursuant to authority of "3 5.) a o
It todsfies the above numbered contract as set forth in block 12.

12. DESCRIPTION OF AMENDMENT/MODIFICATION

.is Contract for Iron and Stoolx pcia1 Stdy, Trinity River Waterway, Texas, is
modified as folows:

1. St tolnt of Cha1o: The Contractor shall acomplish the fcL.o ig ch .r s in
strict accordance wiih tho basic contract a dified and as cirect'i by h Cointrecting.
Officer*

(10) x A

a. Pragr.ph 2.Q(1). Th foll ng par. raph' ohal be adeod

"(d) An ?appropriate special projection indicator ril).l be dvvlosi d,end .W y di3ouseedD for projocting oil-rclatod tool usdr
prcduc 4, or fabricated in the Trinity R'iver trr.de a r. A
dxr ft of th i.s study w.1l be furnish'd t h. Con racin. Officer
1'r rovJ.~e prior to I sA rto-in @ t b fk- comple-

Except as provided herein all terms and conditions of the document referenced in block ", as heretefare changed. remain tcheaged and in full fence and effect.

CO NCTO ERORS NOT RUIED CONTRACTOR/OFFEROR S REQUIRED TO SIGN THIS DOCUMENT AND RETURN - PfS TO ISSUING owC

14. NAME OF /OFFEROR R'o *.o Iw !.7L. .IY l 1?. UNITED ST S RICA

BY BY
(Sirnwa..,,eson authorie d,.tsign)

1i. TIRE OF SIGNER (Type or print) Yi DATE SIGNED 1. TRAFMG OPPICEI R ,qr 1 . DATE SIGNE

.11r' / / G -,Jm NA: BRIGANCEftV
Lnropr xdog0n0)ac t i r., ioar

3a-1011-1
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Modification boo WO1 to
Contract Noe DA64-67--0060

"(c) The Rod River channel to Daingerfield, Togas, ohall
be considorod an alternat route to the Trinity
RIvir. Traffic moid.ng via this route shall be
evaluated and fully diicus ed."

(2.) The report ehali be reviseod by deletirg the following itemse-
quired in Appendix "A" of the contract

a. Pararpv h .Scope Woiorl. In the fourth line, pLaev a
period after the word "project," and dolot& he remainder of the paragraph,

b. Parva Ja tu-eof Work. Subparagraph 2a.(2)(b) shall
be deleted

c. _Wara ph_._Na.?_of orlc.Subparagraph 2b.(2)(b) shall
be deleted.

2. As a result of this modification, the amount of the Contract is icrea ed
in the amount of $2,225.O0.

3. Additional time i!L be aLo. ffor t e erk required under this wodif;4.cX

tion, establishing the completion duL unds As twice 3(b) ae on or before 20 No'im
ber 1967.
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Attached to and made a part of
Contract No, DACW64-67-C-0060

APPENDIX A

IRON AND STEEL SPECIAL STUDY

1. Scpof_ Work.-

The work to be accomplished under the contract consists of perfor-

mance of a study and preparation of a report of the present movements of

iron and steel and their products that are consumed in the area of in-

fluence of the Trinity River navigation project, and determination of

savings in transportation costs of these commodities that would be realied

by use of a navigation channel in the Trinity River in lieu of the least

costly alternative transportation mode.

2. Nature of Report.-

a. Iron and Steel Products.- The.study will develop separately

the data on iron and steel products used in the oil ar4 gas industry and

those used in the construction and related industry. In support of the

data presented in the report, the study shall include the following items:

(1) Information obtained by interview with industry repre-

sentatives and from published sources regarding:

(a) Present sources of supply of iron and steel prod-

ucts including approximate quantities from each source;

(b) Relative use of iron and steel products in the

oil and gas industry and construction and related industry;

(c) A discussion of appropriate methods of estimating

future levels of consumptive use of iron and steel products in the oil

and gas industry, including correlation, if any, with the production of

oil and gas from present reserves.
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(2) Analyses showing:

(a) Transportation rates for movements from present sources

and modes of transportation used;

(b) Savings in transportation costs to be obtained in

these movements by use of the proposed waterway in transporting these

materials.

b. Iron and Steel Production.- In support of the data presented

in the report, the study shall include the following items:

(1) Information obtained by interview with industry repre-

sentatives and from published sources regarding: present sources of raw

materials including ore, coking coal, fluxing materials, scrap, and iron

and steel billets or pigs.

(2) Analyses sLAowing:

(a) Transportation rates for movements from present

sources and modes of transportation used;

(b) Savings in transportation costs to be obtained

in these movements by use of the proposed waterway in transporting these

materials. (3) Analyses of Corps of Engineer data.

3. Submission of Report.

The report resulting from the studies described herein shall be

Aiubtmitted as follows:

a. Three typewritten draft copies, containing bibliography

and source reference notations will be submitted for review;

b. Final copy will be in typewritten form suitable for repro-

A'v tion by photographic copying;
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c. Any plates and tables included in the report will be'.

suitable for reproduction by photographic copying;

d. All materials and finished products to be furnished under

this contract will be delivered f.o.b., District Engineer, Galveston

District, Corps of Engineers, P. 0. Box 1229, ,Galveston, Texas, .77550,

ATTN: Project Evaluation Section.

14. Review and Acceptance of Repot.-

a. The draft report specified above shall be reviewed by the

Contracting Officer prior to acceptance by the Government.

b. The final report will be submitted for acceptance by the

Government after necessary corrections disclosed by review of the draft

bav Be zia4ae and sdditions rqired by the Contracting Officer have

been included in the report.
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APPENDIX B

COMPUTATION OF TEXAS' SHARE PERCENTAGE OF

OIL COUNTRY IRON AND STEEL PRODUCTS
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1966

Texas

Production:

Crude

Gas

LPG

Texas 1,073,2951
Nation 3,038,999

Texas 10,250,137
Nation 19,682,722

Texas 6,359,870
Nation 12,134,294

= 35.3%

= 52.1%

= 52.4%

Production Average

Drilling Activity:

Wells Completed

Crude Oil Run

by Refineries

AISI (oil country)

Texas
Nation

11,109
37,881

Inland 921,619,000
Gulf 3,447,193,000

1,413,0232 480,4283 1021
3

= 29.3%

26.2%

34.0%

1American Petroleum Institute Biannual Facts and Figures 1965 (and
by telephone call with Griskvitch and Edland of the.API's New York
office for 1965 and 1966 data).

2Annual Statistical Report. American Petroleum Institute, 1966.

3Texas share of AISI oil country products in net tons.
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19651

Texas

Production:

Crude Texas
Nation

Texas
Gas Nation

LPG Texas
Nation

Product ion Average

Drilling Activity:

Wells Completed

Crude Oil Run

AISI (oil country)

1,000,749
2,848,514

9,629,072
18,545,337

5,847,601
11,257,267

= 35.1%

51.9%

= 51.9%

Texas 12,741
NaiTon 41,432

Inland 889,679,000
Gulf 3,300,842,000

1,573,696 546,073

1See 1966 for detailed footnotes.

585

46.3%

= 30.8%

= 27.0%

1041 34.7
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1964

Texas

Production:

Texas
Crude Txs

Gas Texas
Nation

LPG Texas
Nation

Production Average

Drilling Activity:

Wells Completed

Crude Oil Run
by Refineries

AISI (oil country)

989,525
2,786,822

9,001,407

17,634,367

51,461,252

10,619,30q

Texas
Nat ion

Inland
Gulf

1,636,508

35.4%

= 51.0%

= 51.4%

133152

45,286

098,023
3,24.,632

561,322

586

46.%

29.1%

27.7%

1028
3

= 34.3%



1963

Texas

Production:

Texas
Nation

Texas
Nation

Texas
Nat ion

977,835
2,752,723

3,320,416
6,534,967

52366,831
10,302,250

= 35.5%

= 50.8%

52.0%

Production Average

Drilling Activity:

Wells Completed

Crude Oil Run
by Refineries

AISI (oil country)

Texas
Nation

Inland
Gulf

1,494,493

12,900
41,386

876,529
3,170,652

= 31.1%

- 27.6%

521,578 148' 3
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Gas
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1962

Texas

Production:

Crude Texas
Nation

Texas
Gas Nation

LPG Texas
Nation

Production Average

Drilling Activity:

Wells Completed

Crude Oil Run
by Refineries

AISI (oil country)

943,328

2,676,189

3,205,517
6,244,522

5,012,291
9,409,083

Texas
Natio

Inland
Gulf

1,502,736

= 34.2%

- 51.3%

53.3%

14,297
43,779

837,820

3,069,631

531,969

588

46.3%

32.7%

27.3%

1063
3

35.4%



1961

Texas

Production:

Texas
Crude Nation

Gas Texas
Nation

LPG Texas
Nation

Production Average

Drilling Activity:

Wells Completed

Crude Oil Run
by Refineries

AISI (oil country)

939,191
2,621,758

3,111,427
6,105,463

4,768,222
9,085,465

Texas
Nation

Inland
Gulf

1,521,701

35.8%

51.0%

52.5%

14,259
43,871

798,914
2,987,158

535,639

589

= 46.4%

= 32.5%

= 26.7%

1056
3

-35.2%



Production:

Texas
Crude

Gas Texas
Niat ion

LPG Texas
Nation

Production Average

Drilling Activity:

Wells Completed

Crude Oil Run
by Refineries

AISI (oil country)

1960

Texas

927,479
2,574,933

2880
5,842,507

4,476,142
8,444,074

36.0%

= 49.3%

= 53.0%

= 46.1%

Texas
Nation

Inland
Gulf

1,197,134

15 1714
44,018

201 775
2,952,534

34.5%

27.2%

1078
3

35.9%
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1959

Texas

Production:

Crude Texas

Texas
Gas lNation

Texas
LPG Nation

Production Average

Drilling Activity:

Wells Completed

Crude Oil Run
by Refineries

AISI (oil country)

2,574,590

2,790,155
5,597,102

--5 ,68
7,874,706

Texas

Inland
Gulf

2,066,661

37.8%

= 49.8%

55.3%

18 123

7779758
2,919,661

760,531

591

= 47.6%

36.2%

= 26.7%

1105 36.8%



1958

Texas

Production:

Crude Texas
Nation

Gas Texas
Nation

LPG Texas
Nation

Production Average

Drilling Activity

Wells Completed

Crude Oil Run
by Refineries

AISI (oil country)

940,166

2,449,016

2,871,589

5,596,458

3,786,575
6,783,000

Texas
Nation

Inland
Gulf

1,158,116

592

= 38.4%

= 51.3%

55.8%

48.5%

= 37.1%

26.4%

47,758

735,839
2,789,404

431,977 1120
3

37.3%



1957

Texas

Production:

Crude Texas

Gas Texas

LPG Texas
Nation

Production Average

Drilling Activity:

Wells Completed

Crude Oil Run
by Refineries

AISI (oil country)

1867
2,616,701

2 944,381

3,831,664

6,655,282

Texas
Nation

Inland
Gulf

2,822,854

593

41.0%

51.3%

= 57.6%

50.0%

786 851

1,103,736

40.1%

27.2%

1173
3

39.1%





APPENDIX C

SHIPMENTS OF STEEL MILL PRODUCTS IN 1965

INTO A SELECTED AREA IN TEXAS AND OKLAHOMA,

ALL GRADES, NET TONS
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Shipments of Steel Mill Products in 1965
Into a Selected Area* in Texas and Oklahoma,

All Grades, Net Tonsl

Gross Shipments into Area:

All Grades

Oil Country Goods

All Other Steel Mill Products

Total

Net Tons

149,707

707,605

857,312

*Note: Counties included in area
attachment.

are listed on

1SOURCE: Letter from Lawrence B. Jones, Chairman of
the Board, Mosher Steel Company addressed
to Colonel John Unverferth, District
Engineer, Galveston District, Corps of
Engineers, Post Office Box 1229, Galveston,
Texas 77550, dated April 13,, 1967.
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TRINITY RIVER TRADE AREA BY COUNTIES - TEXAS

Anderson
Andrews
Angelina
Archer
Armstrong
Bailey
Baylor
Borden
Bosque
Bowie
Briscoe
Brown
Callahan
Camp
Carson
Cass
Castro
Chambers
Cherokee
Childress
Clay
Cochran
Coke
Coleman
Collin
Coll ingsworth
Comanche
Concho
Cooke
Coryell
Cottle
Crosby
Dallam
Dallas
Dawson
Deaf Smith

-. elta

Denton
Dickens
Donley
Eastland
Ellis
Erath
Falls
Fannin
Fisher
Floyd
Foard
Franklin
Freestone
Gaines
Garza
Glasscock
Gray
Grayson
Gregg
Hale
Hall
Hamilton
Hansford
Hardeman-
Hardin
Harrison
Hartley
Haskell
Hemphill
Henderson
Hill
Hockley
Hood
Hopkins
Houston
Howard
Hunt

Hutchinson
Jack
Johnson
Jones
Kaufman
Kent
King
Knox
Lamar
Lamb
Leon
Liberty
Limestone
Lipscomb
Lubbock
Lynn
McLennan
Madison
Marion
Martin
Midland
Mills
Mitchell
Montague
Moore
Morris
Motley
Nacogdoches
Navarro
Nolan
Ochiltree
Oldham
Palo Pinto
Parker
Parmer
Polk
Potter

Rains
Randall
Red River
Roberts
Robertson
Rockwall
Runnels
Rusk
San Jacinto
Scurry
Shakelford
Sherman
Smith
Somervell
Stephens
Sterling
Stonewall
Swisher
Tarrant
Taylor
Terry
Throckmorton
Titus
Tom Green
Trinity
Tyler
Upshur
Van Zandt
Walker
Wheeler
Wi chita.
Wilbarger
Wise
Wood
Yoakum
Young

TRINITY RIVER TRADE AREA BY COUNTIES - OKLAHOMA

Harmon
Jackson
Jefferson
Johnston
Kiowa
Love
Marshall
McClain

Murray
Pontotoc
Roger Mills
Stephens
Tillman
Washita

Atoka
Beckham
Blaine
Bryan
Caddo
Carter
Choctaw
Coal

Comanche
Cotton
Custer
Dewey
Ellis
Garvin
Grady
Greer
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TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

RECREATION AND FISH AND WILDLIFE STUDY

INTRODUCTION

1. Purpose.- The purpose of this study is to reevaluate the benefits
from the recreation and fish and wildlife features associated with the
navigation increment of the authorized multiple-purpose channel on
the Trinity River, as described in House Document No. 276, 89th Congress,
1st Session.

2. Scope.- All recreation and fish and wildlife features of the
authorized multiple-purpose channel were not reevaluated. Pertinent
information pre sented in H. D. 276/89/1 has been utilized with modifications
in consonance with the present plan of improvement. Variations included
in the study are listed as follows:

a. The increased channel and lock sizes as discussed in
paragraph 4b.

b. Elimination of certain locks as discussed in paragraph 4c.
c. The navigation features of the plan have been considered

operational by 1985, in lieu of 1975.

d. The economic life of the project is based on 50 years
amortization period, in lieu of a 100-year period.

In accordance with the above changes, the reevaluation is presented
to show the recreation and fish and wildlife net benefits for the
multiple-purpose channel with and without the navigation feature.

3. Nature of Investigation and Source of Data.- Information and
data contained in volume V, House Document No. 276/89/1 have been
reevaluated in consonance with more current information and data.
Additional data also were utilized including material contained in
appendix D, supplemental to the General Design Memorandum for the
Tennessee-Tombigbee Waterway, prepared by the Mobile District in
l96,.results of recreation user surveys conducted at Corps
projects in the Southwestern Division, including the Fort Worth
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District, during the years 1963 through 1966, pertinent project data
from Galveston District files, and information and data obtained from
representatives of the Bureau of Sport Fisheries and Wildlife Bureau
of Outdoor Recreation, and the Texas Parks and Wildlife Department.

4. Project Document Plan and Proposed Departures Therefrom.-

a. The authorized project provides for a multiple-purpose
channel for navigation, flood control, recreation and fish and wild-
life purposes extending from the Houston Ship Channel along the
general course of the Trinity River to Fort Worth, Texas. The channel
would have minimum navigable dimensions of 12 feet deep by 150 feet wide
and provide for future enlargement to a minimum navigation channel
width of 200 feet. The authorized plan provides for 19 locks below
Dallas, each having dimensions of 84 feet wide by 600 feet long, and
4 locks between Dallas and Fort Worth each 56 feet wide by 400 feet
long. There would also be two turning basins each 400 feet square,
at Dallas and Fort Worth.

b. As a result of restudy of the navigation feature, it is
now proposed that the minimum channel width be increased to 200 feet,
with provisions for future enlargement to 270 feet. The four locks
between Dallas and Fort Worth will be increased from 56 feet wide to
84 feet wide by 400 feet long.

c. As a further result of the restudy of the navigation
features, it is proposed to eliminate locks numbers 2, 8, and 15 from
the navigation channel below Dallas, with appropriate changes in the
design and location of the 16 remaining locks below Dallas. This would
result in a total of 20 locks for the proposed navigation channel.
Recreation visitors and recreation benefits will not be appreciably
affected by deletion of locks 2, 8, and 15 because the shoreline, water
area, and access thereto will remain unchanged for all practical
purposes. The general public desiring to visit lock sites will still
be able to do so, since there will be ample access to the proposed
remaining locks.

RECREATION RESOURCES OF THE NALIGATTON CHANNEL

5. General.- The plan of operation of the 370-mile waterway would
provide for a minimum channel width of 200 feet and a minimum depth of
12 feet. The channel would pass through three reservoir projects; namely,
Wallisville, Livingston, and Tennessee Colony, all on the main stem of
the Trinity River. Twenty locks and 18 navigation dams, exclusive of
the Wallisville, Livingston, and Tennessee Colony Dams, would be constructed
on the multiple-purpose channel. These navigation dams would be constructed
at the upper end of each river cutoff where the course of the existing
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river would be changed due to construction of the multiple-purpose
channel. Many of these river cut-offs, especially below the proposed
Tennessee Colony Dam, and some of the tributary streams would provide
excellent areas for the development of facilities associated with both
general and fish and wildlife recreation activities. About 10,700 surface
acres of water would be provided in the channel at the tops of the
normal operating pools for navigation purposes. Furthermore, about
6,600 additional acres would be inundated in the cut-offs between the
locks and dams numbered 1 through 12 when water in the completed
multiple-purpose channel is at its normal operating levels for navigation
purposes. It is proposed to fill all the cut-offs upstream from lock
and dam number 13 with spoil material resulting from excavation of the
channel, since this portion of the river is located in an existing or
proposed leveed floodway. Due to its nature, width, and navigation in
the channel, the 17,300 surface acres of impounded water are not expected
to attract as many visitors for recreation activities as a similar size
reservoir project. However, it is expected that within 23 years (2008) the
channel will attract 6,000,000 visitors annually desiring to observe
the passage of floating equipment through the locks, to navigate the
channel for sport and pleasure, and to fish. At the present time water
in the river channel between Fort Worth and Dallas and for some distance
below Dallas is not of suitable quality for recreational purposes. The
comprehensive Trinity River improvement plan authorized by Congress
includes measures for improvement of water quality through recirculation
of water from Tennessee Colony Reservoir to the river in the vicinity of
Fort Worth. The State of Texas is now developing an overall state water
plan involving interbasin transfers of water, which may involve a portion
of the Trinity and require some modification of the water quality
improvement measures of the authorized comprehensive improvement plan
for the Trinity Basin. However, with the current emphasis at national,
state, and local levels concerning the necessity for controlling pollution
and achieving suitable quality in all major streams, there can be little
doubt that water quality suitable for recreation will prevail in the Trinity
during the project life period of the navigation project. The navigation
project, in itself, will not degrade water quality. Conversely, some
improvement could be expected from the project because of the improved
hydraulic characteristics of the stream and the transport of water along

the stream during low flow periods through lockage of vessels. Appro-
priate facilities will be developed along the channel to provide for
the recreational use described above, including access roads, parking
areas, picnicking, camping, boat launching, boat storage, and other
commercial services and goods. For planning purposes, facilities located
on or adjacent to the channel for the storage and servicing of pleasure
craft, as well as providing needed services for the general public such
as fuel, food, drinks, etc. should be spaced at about 30-mile intervals.

6. Fish and Wildlife.- In January 1963, the Fish and Wildlife
Service prepared a supplement to its report which is included in House
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Document No. 276/89/1. In this supplement, it was concluded that
construction of the navigation channel would benefit sport fishing,
and navigation features of the project would not result in significant
changes to other fish and wildlife values. Based on subsequent
discussions with representatives of the Service, it has been concluded
that operation of the navigation channel would more than compensate
for possible losses to sport fishing that might result from construction
and operation of the single-purpose flood control channel. On the
basis of these discussions and information contained in the above
report and assuming suitable water quality as discussed above, it is
estimated that a net average increase of approximately 357,000 man-
days of sport fishing annually will occur in the multiple-purpose
navigation channel.

7. Highway Access.-The proposed waterway in the Trinity River
Basin will be served by a network of major highways in the Dallas-
Fort Worth metropolitan area. State Highways, farm-to-market high-
ways, and county roads connect agricultural and rural areas and
provide access to local towns. In House Document No. 276/89/1 it is
stated that 48 existing bridges cross the Trinity River, and that by
the year 1985, there would be 12 additional crossings. In addition
to existing highway, county road, and city street crossings, which
will provide access to the navigation channel, access roads will be
constructed to all proposed lock sites.

RECREATION RESOURCES OF IMPROVED CHANNEL FOR FLOOD CONTROL

8. General.- In order to evaluate the recreational benefits
associated with features exclusively for navigation, it was necessary
to compare the benefits estimated for the multiple-purpose channel
with those estimated for a single-purpose flood control channel, with
any difference being attributed to the navigation features. In this
comparison, and in consonance with the legislation authorizing the
multiple-purpose project, it was considered that a single-purpose
flood control channel would follow the same alignment as the authorized
navigation channel. Thus, the benefits attributable to the single-purpose
flood control channel would be those accruing from the improved
channel alignment as opposed to the existing natural river channel
alignment. There would be no normal pool elevation suitable for public
recreational use, as evidenced from the tabulation of flood occurrences
and duration of flooding, presented in Table 1 below. It is estimated
that the operating discharge below the various flood control reservoirs,
ranging from about 12,000 cfs to 35,000 cfs, will occur on an average
of about 28 days per year. This is not conducive to recreational use.
Based entirely upon flood control operating procedures, the normal flow
in the channel would vary from 200 cfs in the Fort Worth to Dallas reach
to about 600 cfs in the lower reaches. It is not presently proposed to

construct recreational facilities for use by the general public due to the
limited recreation potential of the channel. Highway crossings now
provide access to the existing Trinity River channel and they will like-
wise provide access to the improved flood control channel.
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Operation
discharge

Location (cfs)

West Fork Trinity

Ft. Worth gage 12, 000

Grand Praitie
ggge 12,000

Trinity River

Dallas gage 20,000

Rosser gage 25,000

Oakwood gage 35,000

Romayor gage 35,000

Liberty gage 35,000

Mouth 35,000

TABLE 1

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

RECREATION AND FISH AND WILDLIFE STUDY

Frequency of Duration of Flooding in Flood Control Channel

Average no.

No. of times of days per

operating dis - occurrence

charge is eg- that operat -

g ualed or ex- Recurrence ing discharge Channel

e ceeded per 100 interval is equaled or bottom
years (years) exceeded width

22

20

20

1

7

7

7

4,6

6.2

5.0

5.0

100.0

14 .3

14.3

14.3

10 200

200

150

125

150

150

250

300

13

29

36

90

90

90

Reach
(down

Channel Top stream)depth width miles

23.4 294 31.8

27.9

26.3

28.9

36.8

37.4

30.5

27.0

312 11.8

255

241

297

300

372

4o8

37.1

81.8

93.9

31.3

25.9

25.9

0



9. Net Estimated Attendance and Benefits.- In the existing
natural river channel, the water resulting in the flows of 200 cfs
and 600 cfs discussed above would tend to move more slowly and remain
in the channel for longer periods of time. Under these conditions,
there would be little or no attractive recreation potential. Under
either the natural river condition or the improved single-purpose flood
control project condition, the recreational use would be largely limited
to the sightseers who would visit the project to observe the hign water
conditions during large floods. This use would be limited to the time
the high flood stages prevailed. The Fish and Wildlife Service believes
the construction of a flood control channel will not enhance the benefits
of sport fishing and hunting. Based on the above information, it is
concluded that no increase in annual visitation and, thus, no recreation
or fish and wildlife benefits would accrue to an improved single-
purpose channel for flood control.

FACTORS INFLUENCING RECREATIONAL DEVELOPMENT

10. General.- A general improvement in the economic levels of
the population throughout both adjacent and surrounding territory,
together with the widening of the gap between demand and adequate
supply, have increased the pressure to augment all types of outdoor
recreational facilities. Water is a key factor of recreational
development and serves as a magnet, since the populace in both urban
and rural areas show a strong desire for water-oriented recreation.
The navigation channel will fulfill an essential requirement for
water-oriented recreation activities.

11. Recreation Trends.- One of the major trends in present day
living is toward more outdoor recreation activity. The national trend
of water-oriented recreational demands and activities is reflected in
the Trinity River Basin. There is little doubt that wholesome recrea-
tion of many varieties will be demanded of all agencies concerned
with use and management of outdoor recreation areas. It is considered
essential that the navigation channel of the Trinity River be developed
to its full potential of recreational activities to the extent con-
sistent with other authorized uses.

12. Population Projections.- As stated in the project document,
the principal area of influence would be comprised of 36 counties which
are wholly or partially within the basin, plus three counties adjoin-
ing the downstream portion of the basin (Harris, Galveston, and
Jefferson Counties), a total of 39 counties. The actual and projected
population, indicated in millions, for these 39 counties is as follows:

Year 1960 1980 1985 2000 2020 2035

Population 3.886 6.342 7.049 9.676 14.034 18.548
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These projections were based on series B. U. S. Census, revised
jointly by Galveston and Fort Worth Districts and coordinated by
the Southwestern Division on 25 March 1966.

PROPOSED DEVELOPMENT FOR MULTIPLE-PURPOSE CHANNEL

13. General.- Since the land acquisition policy changed in 1962,
and fee lands are now purchased below a blocked-out line encompassing
the upper guide contour, it is not proposed to buy additional land
solely for recreation in connection with the multiple-purpose navigation
channel. However, the estimates of cost of lands which were used in
the project document were updated to the 1966 price level. The project
document plan provides for lands and facilities to secure an observation
point, picnicking area, and access to the navigation channel at each
of the 21 lock sites. However, these services and facilities are now
proposed for only 18 lock sites, since three locks have been deleted,
and tandem locks 5B and 10B are located in the embankment sections of
Livingston and Tennessee Colony Dams, respectively. In addition,
the plan provides for picnicking, camping, boat launching, boat storage,
and concession sites to serve the needs of the public at about 30-mile
intervals along the 370 miles of the navigation channel. Under this
restudy, it is not proposed to increase the facilities requirements for
initial development which are presented in the project document.

14. Estimated Attendance.- A study of attendance records for
reservoir projects in the Fort Worth District was made to establish
a basis for an estimate of the visits per capita in the primary
zone of influence that could be anticipated for the navigation project
channel. For the purpose of estimating attendance, the channel was
divided into the upstream area, the intermediate area, and the
downstream area. On this basis, it was estimated in the project document
that the multiple-purpose channel would have an initial attendance of
1,350,000 visitors in 1970, an average annual attendance of 5,000,000
visitors, and an optimum annual visitation of 6,000,000 visitors.

15. Project Visitation.- In reevaluating the number of annual
recreation visits that would be made to this project, it has been
assumed that the project would be physically complete by 1985 in
lieu of 1970. In the project document it was estimated that the
multiple-purpose channel would receive 10.4 percent of the total
annual visitors initially,.19.2 percent of the average annual visit-
ation, and 17.4 percent of the optimum annual visitation. This was
based on 4 visits per capita, and further study of existing navigation
projects indicates that the canal portion of this project should
not be expected to receive the same degree of visitation as major
reservoirs. In the Tennessee-Tombigbee report, the attendance
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factor for the canal portion of the project was estimated to be
1.5 visits per capita. In 1965, the Fort Worth District made a visita-
tion study on four existing reservoirs in the upper Trinity River
Basin. The study was based on actual count at these projects versus
the estimated population, within the primary zone of influence.
This study indicated that there were about 4.5 visits per capita. On
the basis of studies at existing navigation projects, it is concluded
that a factor of 4.5 visits per capita for the navigation channel is
high, but it is also considered that 1.5 visits per capita is low.
Because of the nature of this project and the water-oriented recreation
activities proposed, it has been concluded that an average of these
two studies should form a reasonable basis for estimating per capita
visitation. Based on the above conclusion, a visitation factor of
3 visits per capita in the primary zone of influence has been used
in this report. On this basis, the initial and optimum annual net
visitation would be as follows:

a. Initial Visitation.- The initial annual visitation for
the first three years after 1985 is estimated to be 1,695,000, based on
the same percentage of total population usage adjusted for change in
time and in proportion to rate per capita.

b. Optimum Annual Visitation.- Based on the population
projection on the 50-year life of the project and the continued future
development of recreation facilities, it is estimated that visitation
to the project will continue at an increasing rate and reach its optimum
capacity of 6,000,000 visitors in the year 2008. After the year 2008,
it is considered that the project visitation will be limited by the -
optimum project capacity and visitation will level off.

16. Recreation Benefits.- Benefits resulting from the development
of the recreation resources of the multiple-purpose navigation channel
are based on unit values prescribed in Supplement No. 1 to Senate
Document No. 97, 87th Congress, 2d Session: "Evaluation Standards.for
Primary Outdoor Recreation Benefits." The criteria established therein
supports a general recreation-day unit value ranging from $0.50 to $1.50.
On the basis of facilities to be provided that will permit various
types of water-oriented recreation activities, it is concluded that a
unit value of $0.75 would be appropriate for general recreation,includ-
ing casual and incidental fishing, and $1.00 for primary sport fishing
and hunting activities. For this report, it is estimated that average
annual equivalent benefits for general recreation will amount to $2,945,000.
Also, it was estimated by the Bureau of Sport Fisheries and Wildlife
that 357,000 net average annual primary sport fisherman-days will occur
with an annual equivalent benefit of $357,000. Man-days of sport fishing
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as a primary activity amount to about 7 percent of total estimated
annual visitation. From Corps and State records, over 30 percent
of the total recreational visitors participate in sport fishing activities
either primarily, casually, or incidentally. Therefore, casual and
incidental type fisherman-days have been included in the estimates for
general recreation activities. A summary of the recreation benefits
is presented in table 2.

17. Summer of Benefits.- The average annual equivalent benefits,
shown in table 2 and creditable to the plans described in paragraphs
2 and 4, for the navigation channel to Ft. Worth are estimated at
$3,302,000.
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TABLE 2

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

RECREATION AND FISH AND WILDLIFE STUDY

Benefits Creditable to Navi gation Channel

Recreation Recreation Unit
Period type use value

1985-1988 General 1,338,000 $0.75

F & W 357,000 $1.00

Subtotal 1,695,000

1988-2008 General 4, 305,000 $0.75

F & W 357,000 $1.00

Subtotal 4,662,000

2008-2035 General 5,643,000 $0.75

F & W -357,000 $1.00

Subtotal 6,000,000

1985-2035 General

F & W

Total 50-year period

(1) Based on~ 3.250 percent interest rate.

(2) Rounded to nearest thousand dollars.

Benefits

$1,003, 500

357,000

$1, 360, 500

3,228,750

357,000

$3, 585,750

4,232,300

357,000

$4,589,300

Average annual
equivalent

benefit (1)

$ 115,100

40,900

$ 156,000

1,360,100

192,100

$1, 552,200

1,470,000

124,000

$1, 594,oo

2,945,000 (2)

357,000

$3,302,000
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TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

ECONOMIC DEVELOPMENT STUDY

SYLLABUS

This exhibit is concerned with evaluation of economic development
benefits that would be realized for construction of the authorized
Trinity River navigation project. The Economic Development Adminis-
tration (EDA) publishes lists of all counties in Texas that have
been designated as economically underdeveloped. Based on this
information, it has been determined that construction as well as
operation and maintenance expenditures on the Trinity River project
will stimulate the economy of nine underdeveloped counties in
Texas.

Economic development benefits that would accrue from construction
of the proposed waterway have been estimated on the basis of wages
paid to local labor for both actual construction and project opera-
tion and maintenance. Total labor costs for construction of the
navigation features located within or adjacent to the nine depressed.
counties are estimated at $35,700,000 of which $3O,7O2,OO represents
wages that would be earned by local employees. Annual operation
and maintenance labor costs after completion of the project are
estimated to be $937,000. The average annual equivalent benefits
over the 50-year project life, using a 3.250 percent interest
rate, have been estimated at $1,566,000 for construction and
$321,000 for operation and maintenance, for a total of $1,887,000.
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TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

ECONOMIC DEVELOPMENT STUDY

INTRODUCTION

1. Purpose and scope.- The purpose of this study is to
evaluate development. benefits in those counties designated as
underdeveloped by the Economic Development Administration (EDA)
under Title IV of the Public Works and Development Act of 1965,
Public Law 89-136, as a result of the expenditure of funds for
construction, operation and maintenance of the navigation features
of the authorized project for Trinity River and Tributaries, Texas.
Underdeveloped counties are defined as counties with chronic
and persistent unemployment and underemployment. Senate Document 97
of the 87th Congress provides that benefits may be derived from
wages paid to local.labor during actual construction and project
operation and maintenance. However, these benefits are limited to
only those wages paid to labor living in or within commuting
distance of the designated counties. Another limitation is that
area employment in project operation and maintenance must be
based on a straight line reduction in potential project employ-
ables to terminate at the end of 20 years from the date of project
completion.

2. Basic assumptions.- The economic development benefits
attributable to the Trinity River project were developed under
the following assumptions:

(a) Contractors on public works construction in counties
designated as economically distressed are expected to hire as
much available local labor as possible.

(b) Estimated labor requirements are classified as
follows: 4+0 percent skilled workers, 30 percent semi-skilled
workers, and 30 percent unskilled labor.

(c) The estimated daily wage scales are: skilled labor,
$32.50, semi-skilled, $22.00, and unskilled, $16.00.
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(d) Eighty percent of the skilled workers and 90 percent

of the semi-skilled and unskilled workers will be recruited

locally.

(e) Although the number of workers to be recruited

locally may be in excess of the number of registered unemployed,

the area will be able to absorb the demand for workers because

local recruitment will include the underemployed as well as the

unemployed. (The project will provide an opportunity for
underemployed workers to increase their total employment
activities). Authorities recognize that a very high rate of

underemployment probably exists among rural workers. These workers

do not have as many employment opportunities as do urban

workers, but this factor is not considered in non-farm jobs

to supplement their farm income. If a farm operator loses his

non-farm job, labor force surveys still consider him as employed

on the basis of his farm work, even though he may be looking for

another non-farm job.

(f) The navigation portion of the comprehensive

Trinity River plan of improvement accounts for about 2/3 of the

estimated total construction costs of the project. The estimated

construction costs for project features other than navigation in

the 9 depressed counties have been considered, and it has been

determined that these counties have an adequate supply of

manpower resources to meet all the requirements for local labor

on the entire project.

(g) Wages earned by local employees have been estimated

to be 86 percent of the total contract labor costs in or near
the depressed area.

(h) The time required to complete the construction

planned within or near the nine depressed counties is estimated

at 5 years. The estimated construction period for the entire

navigation project is 10 years.

ANALYSIS OF BENEFITS

3. Benefit area.- Nine of the Texas counties, designated as

economically distressed by EDA, will either contain Trinity River

navigation features to be constructed or have a substantial

portion of their area within reasonable commuting distance,

(35 miles one-way). These counties include: Freestone, Grimes,

Houston, Leon, Limestone, Madison, Polk, San Jacinto, and Trinity.

The locations of these counties are shown in the figure on page 627,

4. Economic development benefits.- The total on-site labor

costs for construction of navigation features located within or

adjacent to' the nine depressed counties are estimated at $35,700,000.

623



Of this amount, 86 percent, or $30,702,000, represents the wages
that would be earned by local labor. Using a compound interest
rate of 3.250 percent and the project life period of 50 years, the
estimated average annual equivalent benefits to be derived from
construction wages amount to $1,566,000.

5. The annual operation and maintenance labor costs for
navigation features within the 9-county distressed area are
estimated to be $937,000. It has been assumed that the need for
economic stimuli for the 9-county area should progressively
decrease during a 20-year developmental period, following the
operational opening of the project. Accordingly, the effective
benefit from the annual operation and maintenance labor costs
has been reduced by linear regression to zero after 20 years
from the beginning of project operation. Using a compound
interest rate of 3.250 percent and the project life period of
50 years, the average annual equivalent value for operation and
maintenance labor costs is estimated at $321,000.

6. Computations of the economic development benefits
estimated for the navigation features of the authorized project
are presented in detail in the following table-.
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TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

TABLE OF
COMPUTATION OF DEVELOPMENT AVERAGE ANNUAL EQUIVALENT BENEFITS

New Construction
a. Total wage costs for

navigation feature s
located within or close
to the nine depressed
counties $35,700,000

b. Eighty-six percent of
the total wage costs
assigned to the depressed
counties

c. Construction period
(Assumed 1975-1980)

d. Value per year
($30,702,000)

5

e. Value of wage component
end of first five years
($6,14o,400 x 5 . 3 3 5 74)

at
(1980)
(1)

f. End of construction period to
beginning of project life

(1980-1985)

g. Value of wage component at
start of project life

($32,763,578 x 1.17 341) (2)

h. Average annual equivalent
benefit of value of wage
compenent during project life
($38,445,11o x .0+073) (3)

$30,702,000

5 years

$ 6,lh40,400

$32,763,578

5 years

$38,445 ,ll0

$ 1,566,000 (4)
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TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

TABLE OF
COMPUTATION OF DEVELOPMENT AVERAGE ANNUAL EQUIVALENT BENEFITS

(CONT')

Operation and Maintenance
a. Annual wage costs for

operation and maintenance,
within or near the
depressed counties

b. Annual amount of linear
decrease during the
twenty-year period
($937,000)

20

c. Present worth for
decreasing capital
investment
($46,850 x 168.02011)
(20-year period, 3.25 percent)

d. Average Annual Equivalent
Value for 0 & M
($7,871,742 x .04073) (3)

TOTAL DEVELOPMENT AVERAGE ANNUAL EQUIVALENT
BENEFITS

New Construction
0 &M

TOTAL

(1)
(2)
(3)
(4)

$ 9379000

$ 46,850

$7,871,742

$ 321,000 (4)

$1,566,000
$8321,00o

$1,887,000

Computed. as value of ordinary annuity at 3.25 percent.
Compounded amount - 5 years at 3.25 percent.
Average annual equivalent factor - 50-year.period, 3.25 percent.
Rounded to nearest 1000.
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FIGURE

TRINITY RIVER AND TRIBUTARIES, TEXAS
NAVIGATION PROJECT

REEVALUATION OF NAVIGATION FEATURES

ECONOMIC DEVELOPMENT STUDY
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