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Fact Sheet: Update of Upper Ohio economics due to update of project costs from Oct 14 to Oct
15 price level for inclusion in Chief’s Report

Dated 8 Aug 2016

The Civil Works Review Board (CWRB) approved the recommendation for construction of the
Upper Ohio Navigation project in 2014. However the study team was instructed to make
changes to assumptions affecting lock closure durations prior to release of the report for State
and Agency Review. The changes were made by the team and reviewed and approved by
Headquarters in June 2016. The construction costs and economics of the recommended project
were then updated from an October 2014 price level to an October 2015 price level. The results
of these updates are presented in this paper.

Construction costs at the October price levels increase from $2,320,082,000 to $2,648,471,000, a
9% increase. The economics were computed with the Oct 15 costs using four discount rates: the
FY 11 rate of 4.125% used in the original study; the FY 14 rate of 3.5% used in report submitted
to the CWRB, the current FY 16 rate of 3.125%, and the OMB preferred rate of 7.0%. The
economics are lower with the October 2015 costs than the October 2014 price level because the
9% increase in costs exceeded the increase in benefits. Table 1 is a summary table showing the
economics using costs at October 2015 price level and at October 2014 price level.

Table 1: Economics with Oct 15 costs
(Ave Ann Values; thsds of dollars)

FY16 FY14 FY11 OMB
Discount | Discount | Discount | Discount
Rate Rate Rate Rate
3.125% 3.500% 4.125% 7.000%
Incremental benefits over WOPC $ 3505| $ 3415| $ 3272 | $ 2723
Incremental costs over WOPC $ 950| $ 1033| $ 117.7| $ 192.0
Incremental net benefits $ 2555 | $ 2383 | $ 2095| $ 80.3
BCR 3.7 3.3 2.8 1.4
Note: Total Project First Cost at Oct 15 Price Level = $2,648,471,000
Economics with Oct 14 costs
(Ave Ann Values; thsds of dollars)
FY16 FY14 FY11 OMB
Discount | Discount | Discount | Discount
Rate Rate Rate Rate
3.125% 3.500% 4.125% 7.000%
Incremental benefits over WOPC $ 3557 | $ 3466| $ 3321 | $ 276.3
Incremental costs over WOPC $ 832| $ 905| $ 103.1| $ 1682
Incremental net benefits $ 2725| $ 256.1| $ 229.0| $ 108.1
BCR 4.3 3.8 3.2 1.6

Note: Total Project First Cost at Oct 14 Price Level = $2,320,082,000

Note: WOPC is without project condition; Increments are changes of ‘with’ recommended project

condition over the without project condition.







Fact Sheet: Update of Upper Ohio economics due to longer downtimes between failures and

Dated 18 Apr 2016

1. Background: The consensus of the Civil Works Review Board (CWRB) and the independent
external peer review (IEPR) members was that the downtimes between failure and repairs used

in the study were based on overly optimistic assumptions that should be reconsidered. In

response the project delivery team (PDT) developed alternative downtimes that were reviewed
and approved for use by Headquarters. The effects on the economics of the use of the original
and alternative durations are presented in Table ES-1. The original durations are referred to as
the “short durations” and the alternative durations as the “long durations” in the table.

2. Revised economics: The economics were computed at four discount rates: the FY 11 rate of

4.125% used in the original study; the FY 14 rate of 3.5% used in report submitted to the

CWRB, the current FY 16 rate of 3.125%, and the OMB preferred rate of 7.0%. In sum, the
BCRs decrease as the discount rate increases. A full accounting of the original and updated

values is given in Attachment 9 to the Economics Appendix. Table ES-1 is a summary

table showing the values in the report submitted to the CWRB and the updated values from
this evaluation that were used to replace the CWRB report values in a revised (2016)

feasibility report.

Table ES-1: Certified costs at Oct 14 dollars; report submitted to CWRB; updated values

Short durations used in CWRB report

Cost = $2,320,082,000 3.125% 3.500% 4.125% 7.000%
Incremental benefits over WOPC $ 2261 | $ 2201 $ 2103 | $ 1711
Incremental costs over WOPC $ 820 $ 892| $ 1018| $ 166.4
Incremental net benefits $ 1441 | $ 1309| $ 1085| $ 47
BCR 2.8 2.5 2.1 1.0
Long durations developed and evaluated in response to IEPR and CWRB comments
Cost = $2,320,082,000 3.125% 3.500% 4.125% 7.000%
Incremental benefits over WOPC $ 3557 | $ 3466 | $ 3321| $ 2763
Incremental costs over WOPC $ 832 $ 905| $ 103.1| $ 168.2
Incremental net benefits $ 2725| $ 2561 | $ 229.0| $ 108.1
BCR 4.3 3.8 3.2 1.6







Fact Sheet: Update of Upper Ohio economics at Oct 2014 price level
Dated 26 Aug 2014

1. Costs: The total project cost (TPC) of the recommended plan in the report was $2.1 billion at
the October 2013 price level. The TPC was recently updated and certified at October 2014 price
levels at $2.3 billion, or 8.2% higher than the October 2013 estimate.

Table 1: Total Project Cost of Recommended Plan

Oct 2013 Oct 2014-certified % change
Emsworth $ 713,940,431 $ 737,141,000 3.2%
Dashields $ 704,625,954 $ 800,691,000 13.6%
Montgomery $ 725,120,760 $ 782,250,000 7.9%
Total $ 2,143,687,146 $ 2,320,082,000 8.2%

2. Benefits: The benefits of the recommended plan were also updated to October 2014 price
levels in order to provide up-to-date economics. The benefits decreased 3.5% due to a reduction
in the savings of barge transportation compared to rail and truck.

Table 2: Benefits of Recommended Plan
(millions of dollars)

Oct 2013 Oct 2014-certified % change

Total $ 569.4 $ 549.7 -3.5%

3. Economics: The economics of the tentatively recommended plan decreased from a benefit to
cost ratio of 2.9 to 2.6 as shown in Table 3 at the fiscal year 2014 discount rate of 3.5%.

Table 3: Economics of recommended plan - Oct 2013 and Oct 2014
(Average annual values; millions of dollars)
Oct-13 Oct-14 Change
Incremental $ - $ -
values ‘
Costs $ 90.1 $ 97.5 8.2%
Benefits $ 2577 $ 248.7 -3.5%
Net benefits $ 1675 $ 151.2 -9.8%
BCR $ 29| $ 2.6 -10.8%







Fact Sheet: Update of Upper Ohio economics to Oct 2013 price level
Dated 12 Feb 2014

1. Background: The costs used in the evaluation were at a venture level of detail and at October
2009 price levels with a base year of 2020. The evaluation resulted in the identification of a plan
involving the construction of new 600” x 110" chambers to replace the existing 360 x 56’
chambers and the maintenance of the old 600” chambers as auxiliary chambers at all three
projects as the national economic development (NED) plan. Based on a consideration of the
economics and other planning criteria, this plan was selected as the tentatively recommended
plan. The costs of this plan were then developed at a higher level of detail using M-CACES
procedures and software. The initial M-CACES costs were expressed in Oct 2010 dollars and
have seen been updated to Oct 2013 price levels to reflect inflation and some minor changes in
construction costs. The venture level costs used in the study, the M-CACES at October 2010
price levels, and the M-CACES at October 2013 price levels are listed in Table 1. The base year
has also been updated from 2020 to 2025.

Table 1: Total Project Cost — Venture Level and M-CACES Costs for Recommended Plan
(thsds of dollars)

Cost level Venture M-CACES M-CACES
Price level Oct 2009 Oct 2010 Oct 2013
Total project cost $ 1,479,000 $ 1,923,641 $ 2,143,687

2. Results: The economics of the tentatively recommended plant decreased because the costs
increased 45 percent from 2009 to 2013 while the transportation benefits increased only 22
percent. The economics are shown in Table 2 at the then official discount rate (4 1/8% at time of
feasibility computations and 3 1/2 % in 2013) and at 7%, which is the rate preferred by OMB.
The updated BCR is 2.9 at 3 1/2% and 1.2 at 7%.

Table 2: Economics using venture level and M-Caces costs
(Ave Ann Values; millions of dollars)

Venture M-Caces@0Oct-2013
4 1/8% 7% 312% 7%

Without

Costs S - $ - S - $ -

Benefits S 249.6 $ 3126 S 311.7 $ 4389
Recommended plan

Costs $ 64.9 $  106.1 S 90.1 $ 1824

Benefits S 4335 S 4622 S  569.4 $  650.2
Incremental values

Costs $ 64.9 $  106.1 S 90.1 $ 1824

Benefits S 183.9 S 1496 S 257.7 S 2112

Net benefits S 119.0 S 435 S 1675 S 28.8

BCR 2.8 1.4 2.9 1.2
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Executive Summary

The proposed reinvestment in the upper Ohio navigation system was evaluated according to
the general guidance for the economic evaluation of navigation projects outlined in Engineer
Regulation (ER) 1105-2-100 dated 22 April 2000. The upper Ohio infrastructure is defined as
Emsworth, Dashields and Montgomery (EDM) locks and dams. They are the oldest and
smallest lock projects on the Ohio River, having been built prior to World War II. Two major
problems associated with EDM are deteriorated structural condition leading to reduced
service reliability, and insufficient auxiliary lock capacity when the main lock chamber is
closed for maintenance or repair.

A total of five plans were evaluated representing different combinations of maintenance and
lock construction. Benefits and costs are expressed at an FY 2009 price level and were
discounted and annualized using the Fiscal Year 2011 interest rate of 4 1/8 %. The economics
of the plans for the Mid Case forecast are listed in the following table. The benefits and costs
are incremental to the without-project condition.

The plan that provides the greatest positive net benefits is designated as the National
Economic Development (NED) plan. The NED plan for the upper Ohio is the immediate
replacement of the existing auxiliary chambers with 600°x110” chambers at each project
accompanied by reactive maintenance of the existing 600’ locks (LMA 7).

Economic Feasibility of Alternative Plans
Average Annual Equivalent Values
Mid Case Traffic Forecast
(Millions of dollars; FY 09 price level; 4 1/8 %)

Incremental
Plan Description/Designation Rank Benefits Costs Net Benefits BCR
600' Chamber & FAF Old (LMA 7) 1 183.8 64.9 118.9 2.8
Dual 600s w/ Lagged 2nd Lock (LMA 1) 2 184.2 70.4 113.8 2.6
800' Chamber & FAF Old (LMA 8) 3 178.8 76.5 102.3 2.3
Advance Maintenance (AMA) 4 114.7 38.1 76.6 3.0
1200' Chamber & FAF Old (LMA 9) 5 167.5 92.3 75.2 1.8

i1
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Section 1: INTRODUCTION

1.1 BACKGROUND

The Upper Ohio Navigation Study, Pennsylvania (Upper Ohio Study) is a planning study to
consider and evaluate the feasibility of navigation improvements and ecosystem restoration
opportunities on the upper Ohio River. The upper Ohio River infrastructure is defined as
Emsworth, Dashields and Montgomery (EDM) locks and dams. They are the oldest and
smallest lock projects on the Ohio River, having been built prior to World War II. Two major
problems associated with EDM are deteriorated structural condition leading to reduced
service reliability, and insufficient auxiliary lock capacity when the main lock chamber is
closed for maintenance or repair.

Table 1-1 presents general lock and dam specifications for the facilities at EDM. The
600°x110’ main chambers at EDM are one-half the length of the main chambers at the other
17 Ohio River facilities and the 360°x56’ auxiliary chambers are smaller than the 600°x110’
typical auxiliary chamber size on the rest of the Ohio River.

TABLE 1-1 - Upper Ohio Lock Specifications

Lock & Dam Year Operational Year Rehabilitated Chamber Size
Project Name | River Mile Main Aux Dam Main Aux Dam Main Aux
Emsworth 6.2 1921 1921 1922 1984 1984 1984 600x110 | 360x56
Dashields 13.3 1929 1929 1929 1990 1990 1990 600x110 | 360x56
Montgomery 31.7 1936 1936 1936 1989 1989 1989 600x110 | 360x56

1.2 PURPOSE

The purpose of this economic evaluation is to determine the economic feasibility of various
alternative re-investment plans and to identify the National Economic Development (NED)
plan. The focus of the current study is the current disposition and expected future
performance of the three uppermost projects on the Ohio River. The study evaluates
alternative plans that include different levels of operation and maintenance as well as planned
improvements. The economics are positive if the benefits of a plan exceed its costs with the
difference referred to as the net benefits. The alternative with the greatest positive net
benefits is designated as the NED plan. The NED benefits are a major consideration in
selecting the recommended plan.


http://www.lrp.usace.army.mil/pm/upper_ohio.htm�
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1.3 GUIDANCE

The general guidance for the economic evaluation of navigation projects is Engineer
Regulation (ER) 1105-2-100 entitled “Planning Guidance Notebook™ and dated 22 April
2000. Specific guidance for projects with reliability related problems is provided in
Engineering Pamphlet (EP) 1130-2-500 entitled “Partners and Support (Work Management
Guidance and Procedures)” dated 27 Dec 1996. These two documents (Table 1-2) were the
principle guides for performing the Upper Ohio economic analysis.

TABLE 1-2 - Guidance Documents for Economic Evaluation

Reference Title Date Comment
ER 1105-2-100 | Planning Guidance | 22 April 00 | General procedures for economic
Notebook evaluations of inland navigation
projects
EP 1130-2-500 | Partners and Support | 27 Dec 96 Specific guidance for reliability
related problems.

1.4 STUDY AREA

The first step in the study evaluation was to define the study area. This was done by
identifying the geographic limits that contain a significant portion of the docks, mines, and
industrial facilities that ship or receive goods that are transported through the three upper
Ohio projects. Based on an examination of traffic flows, the primary study area was defined
as the area between the Huntington, WV in the south to the heads of navigation on the
Allegheny and Monongahela Rivers in the north. The secondary study area is the entire Ohio
River navigation system, of which the upper Ohio projects are an important link. Maps
showing the primary and secondary study areas are provided as Figures 1-1 and 1-2.
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FIGURE 1-1 - Map of Upper Ohio River Navigation System — Primary Study Area
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FIGURE 1-2 - Map of Ohio River Navigation System — Secondary Study Area
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1.5 NAVIGATION PROJECTS

The Emsworth, Dashields, and Montgomery projects were evaluated as one integral
subsystem for purposes of this study based on the close proximity of the projects and the high
percentage of common traffic (Table 1-3). Over 91 percent of the traffic passes through all
three projects and all three lie within 25.5 miles of one another.

TABLE 1-3 - Proximity of Projects and Commonality of Traffic

Emsworth Dashields Montgomery Average
2008 Tonnage in thousands 21,273 21,788 20,813 21,291
% Traffic Thru Other Projects:
Emsworth thru 100% 97% 85% 94%
Dashields thru 97% 100% 86% 94%
Montgomery thru 85% 87% 100% 91%
Ohio River Mile 6.2 13.3 31.7
Distance in miles:
Emsworth to 0.0 7.1 255
Dashields to 7.1 0.0 18.4

Source: COE Waterborne Commerce

Table 1-4 displays the commonality of 2006 EDM traffic to other selected Ohio River System
(ORS) lock and dam projects.

TABLE 1-4 - Commonality of 2006 EDM Traffic With Selected ORS Projects

Emsworth Other Project Dashields Other Project Montgomery Other Project

Traffic Traffic Thru Traffic Traffic Thru Traffic Traffic Thru
Project Thru Emsworth Thru Dashields Thru Montgomery
Emsworth 100% 100% 97% 97% 85% 85%
Dashields 97% 97% 100% 100% 87% 86%
Montgomery 85% 85% 86% 87% 100% 100%
Allegheny L/D 2 5% 56% 5% 56% 3% 35%
Braddock 86% 92% 83% 89% 75% 80%
Charleroi 44% 71% 41% 66% 33% 53%
Gray's Landing 9% 40% % 29% 3% 12%
Winfield 8% 8% 7% 8% 8% 8%
Marmet 7% 9% 7% 9% 7% 9%
R.C. Byrd 55% 20% 55% 20% 62% 22%
Greenup 38% 11% 38% 11% 44% 13%
McAlpine 18% 7% 19% 7% 23% 8%
Myers 17% 5% 18% 5% 22% 6%
L/D 52 11% 2% 11% 2% 15% 3%
Kentucky/Barkley 7% 3% 7% 3% 7% 4%

SOURCE: COE Waterborne Commerce Statistics
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The Emsworth, Dashields and Montgomery projects were constructed in the 1920s and 1930s.
They were rehabilitated in the 1980s and have outlived their engineering design life. These
navigation projects facilitate the transport of about 22 million tons of commodities annually
and are vital links in the nation’s freight transportation system. The greatest volumes of
traffic consist of downbound steam coal produced in the Mon Valley coal fields, moving to
power plants along the length of the Ohio River, with some moving as far as the Tennessee
Valley. Another major flow is metallurgical coal moving upriver from the Kanawha Valley
and Big Sandy area coal fields to coke plants in the Pittsburgh area. Coke is a vital ingredient
in steel making. Steel moves downriver through EDM to distant markets within the US
interior and to the Gulf Coast. Steel also moves upriver. A little comes from interior places
but much of it — imported steel — comes from the Gulf Coast.

Table 1-5 displays EDM and Ohio River tonnage since 1970. Traffic has been fairly flat at
EDM since peaking in the mid 1990s. Coal comprises 75 percent of EDM traffic. The
restructuring of the regional steel industry is reflected in the relatively flat growth in overall
traffic since 1975.

TABLE 1-5 - EDM and Ohio River Traffic since 1970

(‘000 tons)
Percent
Change
Proj/River 1970 1974 1975 1980 1985 1990 1995 2000 2005 2008 1970-2008
Emsworth 24,076 24,707 22,094 21,202 17,246 23,068 23,075 22,335 21,178 21,273 -0.3%
Dashields 21,739 23,683 22,348 22,178 17,912 24,025 24,551 23,335 22,024 21,788 0.0%
Montgomery 19,697 22,111 20,759 21,799 19,012 25,447 25,515 25,974 23,142 20,813 0.1%
Ohio River 129,585 139,294 140,058 155,907 177,484 224,747 234,064 236,300 249,212 230,200 1.5%

Source: COE LPMS and WCSC data.

1.6 PROBLEMS AND OPPORTUNITIES

The primary problems associated with EDM are declining reliability and insufficient auxiliary
capacity. Declining reliability stems from the deterioration of concrete and mechanical
components that are necessary for lock operation. The small auxiliary chambers, additionally,
do not provide sufficient capacity during main chamber closures. There are two major
concerns with the physical condition of the lock wall concrete at EDM: 1) concrete
deterioration below concrete overlays placed during major rehabilitations in the 1980s, and 2)
questionable remaining effectiveness of metal anchors installed during those rehabilitations to
prevent wall movements. Many mechanical components are either original equipment or
utilize the same design as used during construction in the 1920s and 1930s. These mechanical
components are subject to increasingly frequent breakdowns, and with many replacement
parts no longer manufactured, are becoming very difficult and expensive to maintain.
Reliability problems at EDM are necessitate closing the 600 x 110’ main chambers for both
scheduled and unscheduled maintenance, which in turn requires use of the very small 360’ x

5
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56’ auxiliary chambers to lock commercial traffic one barge at a time. Delay costs to
navigation interests increase dramatically during main chamber closures. Table 1-6 displays
total main chamber closure durations for repair or maintenance at EDM since 1986.

TABLE 1-6 - Main Chamber Closure Durations at EDM
(Total Days)

Lock 1986-90 1991-95 1996-00 2001-05 2006-09
Emsworth - 37.01 27.10 17.28 23.98
Dashields 133.29 - 3.76 3.70 29.54
Montgomery 45.33 - 40.16 30.01 -
Total 178.62 37.01 71.02 50.99 53.52

Addressing the numerous structural reliability problems associated with EDM provides the
Corps an opportunity to work with stakeholders to improve the efficiency and safety of the
upper Ohio navigation system while enhancing environmental sustainability through
ecosystem restoration measures.

1.7 APPENDIX ORGANIZATION

The remainder of this appendix is organized into the following major topical sections: Section
2 describes the socio-economic, transportation and industrial characteristics of the study area.
Section 3 describes the evaluation procedures. Section 4 describes the upper Ohio navigation
system and the vessel fleet and performance characteristics of the upper Ohio River. Section
5 discusses historic traffic and projected traffic demands. Section 6 describes the system
benefit evaluation process, including the system model used, major model inputs, and the
results of model calibration. Section 7 identifies and evaluates the upper Ohio without-project
condition. Section 8 identifies the alternative navigation improvement plans and Section
9evaluates these plans. Section 10 provides a sensitivity analysis for the NED plan.

Five attachments complement this appendix. Attachment 1 provides a thorough discussion on
the economic system model used in the analysis. Attachment 2 discusses the tonnage-transit
curves used in the economic analysis. Attachment 3 documents development of traffic
demand forecast scenarios used in the analysis. Attachments 4 and 5 describe the
transportation rates used in the analysis and the results of our efforts to estimate the external
costs of diverted EDM traffic.
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Section 2: STUDY AREA RESOURCES AND
ECONOMY

2.1 INTRODUCTION

The focus of the Upper Ohio Navigation Study is the upper section of the Ohio River in the
vicinity of Pittsburgh, Pa. The river is navigable due to dredging and the operation and
maintenance of the Emsworth, Dashields and Montgomery locks and dam projects, which are
located in the upper 31.7 miles of the 981-mile Ohio River. There are 17 lock and dams
projects on the rest of the Ohio River for a total of 20.

The study area is centered on Pittsburgh, Pennsylvania, one of the nation’s major metropolitan
areas. Water and coal were the main contributors to the development of the Pittsburgh area as
an industrialized urban complex and as the steel capital of the country. Coal production
preceded steel production, and initially coal was distributed nationwide as a fuel for railroad
locomotive car propulsion and other uses. Steel production followed coal production, and led
to the establishment of Pittsburgh as a major steel producing center. The area’s steel
production capacity was relatively constant from the early twentieth century up to the 1980°s,
when market forces culminated in its near disappearance in the Pittsburgh area. Only two
major raw steel producing plant remains in the Pittsburgh area.

With the demise of the local steel industry, the study area economy evolved into one
principally dependent on services, particularly health care and education. The purpose of this
appendix is to describe the changes in the area’s economy and to assess how these changes
affect the need for possible improvements to the area’s navigation system.

2.2 RESOURCES

The study area contains extensive natural and man-made resources. Natural resources include
coal, limestone and water. Man-made resources include rail, road, water, and air
transportation systems, commercial and residential dwellings, bridges, dams, pipelines,
electric grids and all the other structures and infrastructures of modern society. To varying
degrees, all of these resources affect usage of the waterway system, some in a positive manner
and some in a negative manner. These resources are discussed in this section, starting with
population. To provide perspective, current demographic and economic values are compared
to 1980 values, which reflect the era before the majority of the area’s steel plants were closed.

2.2.1 Population

The population of the primary study area in 2008 was 3.1 million or about 10 percent of the
basin total and about 1 percent of the national total. In both absolute and relative terms, the
population of the study area has declined over at least the past three decades, as shown in
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Table 2-1. As discussed in a later section, the decline is largely related to the demise of the
area’s steel-making capacity and the loss of steel industry and related jobs.

TABLE 2-1 - Population in Thousands

U.S. ORB Study Area
1980 226,542 28,639 3,520
2008 304,060 32,533 3,119
Annualized % change 1.1% 0.5% -0.4%
Source: http://www.census.gov/popest/counties/files/CO-EST2008-ALLDATA.csv
http://www.census.gov/popest/archives/1980s/e8089co.xls

2.2.2 Natural Resources

The natural resources of greatest significance to use of the region’s waterway transportation
system are the area’s coal reserves and water supplies.

2.2.2.1 Coal Reserves

The study area includes most of the northern Appalachian coal fields that fueled over 100
years of economic growth and expansion both regionally and nationally. Coal reserves in the
study area, region, and the nation are listed in Table 2-2. Both the study area and the basin
contain significant reserves of coal. In fact, the Appalachian coals are included with the
Powder River Basin deposits in the west and the Illinois Basin coals in the interior when
discussing major U.S. coal deposits.

TABLE 2-2 - Coal Reserves in Billions of Tons

U.S. ORB Study Area
Billion Tons 436.775 197.513 32.159
% of U.S. 100% 45% 7%
Source: Reserves data file provided by DOE. Last updated in 1977.

A general overlay of coal deposits over the Ohio River Basin area is shown in Figure 2-1.
Much of the coal field overlies the river system, particularly in the north where the study area
is located.


http://www.census.gov/popest/counties/files/CO-EST2008-ALLDATA.csv�
http://www.census.gov/popest/archives/1980s/e8089co.xls�
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FIGURE 2.1 - Ohio River Basin Coal Reserves
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Despite over a century of mining, the area still contains large reserves of coal that are
sufficient to meet the nation's expected needs for several centuries to come. At current
production rates, the basin’s reserves are sufficient to continue producing coal within the
basin for the next 350 to 400 years.

2.2.2.2 Water Supply

Among the nation’s rivers, the Ohio is second only to the lower Mississippi in terms of
volume of flow. Rivers flowing out of the Appalachian Mountains and the Allegheny plateau
(Monongahela, Allegheny, Kanawha, Cumberland, and Tennessee) contribute the greatest
flow to the Ohio. However, its vast watershed is also drained by major streams like the
Muskingum, the Scioto, the Little Miami, the Kentucky, the Green and the Wabash rivers. A
system of reservoirs on these streams or their tributaries insures reliable flows for navigation
and municipal and industrial water supply on the Ohio and its tributaries.

Withdrawals for municipal, agricultural, and industrial use for the nation, basin, and primary
study area are shown in Table 2-3. The first project built on the Ohio River was constructed

9
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with the support of the Pittsburgh area steel industry for the principle reason of providing a
reliable supply of water for the area’s manufacturing plants.

(million gallons per day)

TABLE 2-3 - Water Withdrawals from River System

U.S. ORB Study Area EDM Pools
MGD 405,000 28,768 9,829 138
% of U.S. 7.10% 2.43% 0.03%

Source: unpublished Pittsburgh District report entitled “Water Intakes and Withdrawals from Navigation Pools within Ohio
River Basin” dated Jan 2009.

A detailed breakdown of withdrawals by navigation pool is provided in Table 2-4. Municipal
withdrawals are highest in the Emsworth pool, which includes parts of the City of Pittsburgh,
while industrial withdrawals are highest in the Montgomery pool, which includes several
large electric generating plants. Within the basin as a whole, electric generating plants are the

largest users of the waterway system for water supply, accounting for nearly 90 percent of
total withdrawals. There are no records of withdrawals within the basin for irrigation

purposes.

TABLE 2-4 - Water Withdrawals in Study Area by Type of User

(million gallons per day)

Emsworth Dashields Montgomery Total
Municipal 25.0 6.2 0 31.2
Industrial 25.1 0 81.9 107.0
Total 50.1 6.2 81.9 138.2

Source: unpublished Pittsburgh District report entitled “Water Intakes and Withdrawals from Navigation Pools within Ohio River
Basin” dated Jan 2009.

2.2.3 Man-Made Resources

The man-made resources of greatest significance to use of the region’s waterway
transportation system are the system itself and alternative transportation systems, the number
and location of production facilities, the number and location of communities, and the number
and location of other infrastructure, such as bridges.

2.2.4 Transportation Systems
The major transportation systems used to move solid bulk products are the inland navigation

system, the highway system, and the railroad system. The region and study area are well
served by all three systems.

10
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2.2.4.1 Inland Navigation
The inland navigation system extends throughout the Ohio River and Mississippi River

Basins to the Gulf Coast from Florida to Texas, all of which can be reached by barges that
move through the upper Ohio River projects (Figure 2-2).

FIGURE 2-2 - Inland Navigation System

11
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2.2.4.2 Highways

The area is well served by roadways that not only connect municipalities, but also mining and
other production sites. To illustrate the extensiveness of the roadway system without clutter,
Figure 2-3 below shows only the interstate system. Parts of five interstates are in the study
area with two north-south and three east-west. These either straddle or bisect the Appalachian
Mountains, which lie in the eastern portion of the study area.

FIGURE 2-3 - Highway System in Study Area
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2.2.4.3 Railroads

The major commercial railroads in the study area are Norfolk Southern and Conrail (CSX).
Combined, these systems serve or are in close proximity to every major municipal and
industrial site in the area. To illustrate the coverage but without undue clutter, only the
Norfolk Southern System is shown on Figure 2.4. The Norfolk Southern System is centered
north-south on the Appalachian coal fields, rather than along the Atlantic Coast or in the
Mississippi Basin. The railroad is heavily engaged in transporting coal to electric generating
plants located throughout the eastern United States, as well as transporting imported and other
goods to distributions points in the cities and elsewhere in the study area.

12
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FIGURE 2.4 - Rail System in Study Area
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There are approximately 4,200 manufacturing facilities in the study area that employ over
150,000 workers, as shown in Table 2.5. The principle manufacturing facilities in terms of
employment are for the generation of electricity and the manufacture of chemicals.

TABLE 2-5 - Number of Manufacturing Facilities in Study Area

River Number Employment
Allegheny 976 32,430
Monongahela 1,466 46,881
Ohio 1,762 73,578
Study Area Total 4,204 152,889

Source: Harris Directory
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2.2.6 Communities

Pittsburgh and Huntington have a combined population of about 350,000 or about one-third of
the study area total. There are 20 other communities in the study area with populations that
exceed 20,000, with most of these being located along the rivers. A summary of the number
of communities and population by river and county is provided in Table 2.6.

TABLE 2-6 - Number of Large Communities in Study Area

River basin Number Population

Allegheny 3 103,506
Monongahela 9 253,460
Ohio 10 609,353
Study Area Total 22 966,319

Source: Census data.

2.2.7 Infrastructure

The infrastructural systems of greatest importance to the navigation system are the regional
interconnection electric transmission lines, bridges over the river, and docks along the river.
The transmission lines allow the area to be a net exporter of electricity since it can generate
the electricity at low cost within the basin and transmit the electricity to the Philadelphia,
Washington D.C. and other urban areas along the East Coast. This is often referred to as
shipping coal by wire. The electricity is largely generated at coal-fired plants located along
the river system.

2.2.7.1 Regional Interconnection Transmission Lines

Infrastructure within the study area includes electric transmission lines, which deliver
electricity from generating plants to consumers. The study area is a net exporter of electricity,
with significant amounts of electricity delivered to consumers in the highly urbanized corridor
along the Atlantic Coast from Washington DC to New York City. The major interconnecting
transmission lines in the region are shown in Figure 2.5. The transmission lines run parallel
to the river where the majority of the large generating plants are located and extend north,
east, and south to the coastal population centers.
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FIGURE 2.5 - Regional Electric Transmission Lines
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2.2.7.2 Bridges

There are approximately 131 bridges in the study area; the number is an approximation
because this only includes bridges over a navigable waterway; it does not include bridges over
non-navigable portions of rivers that, for example, connect the mainland to islands (Table
2.7). The highest concentrations are in the Pittsburgh and Huntington/Charleston areas.
Bridges are necessary transportation structures for railroads and roadways, but can be an
impediment to navigation.

TABLE 2-7 - Number of Bridges in Study Area

River Highway Railroad Total
Allegheny 19 7 26
Monongahela 29 12 41
Ohio 37 10 47
Kanawha 14 3 17
Study Area Total 99 32 131

Source: Counted from entries on Navigation Charts.
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2.3 ECONOMY

The area’s economy developed in response to the regional advantages and natural resources of
the area. The original regional advantage was the number and convergence of the area’s
rivers. Two large rivers, the Monongahela flowing north out of West Virginia and the
Allegheny flowing south out of New York, join at what is now know as the City of Pittsburgh
to form the Ohio River. In turn, the Ohio flows in a generally southwest direction which
allowed westward expansion in the colonial period to be made by river rather than by foot.
The natural advantages were accessible and abundant coal deposits and water supplies. The
area became the nation’s coal producing center which eventually led to its establishment as an
iron and steel producing center.

Viewing total employment from 1980 to 2007, the study area increased albeit at a slower rate

than regionally and nationally, as shown in Table 2.8. This time frame is shown because
1980 was the last decadal year before the collapse of the steel industry.

TABLE 2-8 - Total Employment in Study Area

(thousands)
U.S. ORB Study Area
1980 114,231 8,070 1,570
2007 180,944 13,634 1,878
Annualized % change 1.7% 2.0% 0.7%
Source: Census data.

Iron and steel production was the mainstay of the area’s economy until the 1980’s when
eleven of the area’s thirteen steel plants were closed and many were demolished.
Manufacturing employment dropped precipitously despite an overall growth in jobs, as shown
in Table 2.9. The decline in manufacturing employment was significantly higher than the
comparable national and regional declines.

TABLE 2-9 - Manufacturing Employment in Study Area

(thousands)
U.S. ORB Study Area
1980 20,781 1,886 355
2007 14,512 1,395 140
Annualized % change -1.3% -1.1% -3.3%
Source: Regional Economic Information System, Bureau of Economic Analysis, U.S. Department of Commerce

Employment in the education and health care sectors for the Pittsburgh Metropolitan
Statistical Area, which roughly corresponds to the study area, is listed in Table 2.10 for the
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years 1980 and 2007. The data illustrates that growth in these sectors is largely responsible
for the overall growth in employment in recent years.

TABLE 2-10 - Health Care and Education Employment in the Study Area

2001 2007 Annual Rate
Educational services 55,038 60,596 1.6%
Health care and social
assistance 206,090 222,780 1.3%
Total employment 1,663,785 1,692,094 0.3%

Source: http://www.bea.gov/regional/reis/default.cfm?&selTable=CA25N&series=NAICS

2.3.1 Coal Mining

Study area coal production increased at faster than the regional and national rates as shown in
Table 2.11. In fact regional (East of the Mississippi) production has declined as production
shifted west to the Powder River Basin of Wyoming and adjacent states. The reasons for the
increase in study area output are large reserves, high energy content, low transportation costs,
and the installation of scrubbers which neutralizes the high sulfur content of the coal.

TABLE 2-11 - Coal Production in the Study Area
(thousands of tons)

U.S. ORB Study Area
1980 1,072,606 468,341 74,302
2007 1,146,635 446,852 94,400
Annualized % change 0.2% -0.2% 0.9%
Source: extracted from DOE data base -http://www.eia.doe.gov/cneaf/coal/page/database.html

Ten mines (Table 2.12) account for 73.7 million tons, or 78% of coal production in the study
area. The Enlow Fork and Bailey mining complex in Greene County, PA. is the largest
underground coal mining operation in the country. The complex distributes the mined coal by
rail directly to consumers and indirectly via the Alicia dock at about the mid-point of the
Monongahela River, where the rail coals are offloaded to barges for transportation to power
plants on the Ohio River. This is a state-of-the-art operation with a capacity of about 6
million tons per year.
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TABLE 2-12 - Top Ten Coal Mines in Study Area

(thousands of tons)

Rank | ST | County Company Mine Tons
1 Pa | Greene Consol Pa Coal Co Enlow Fork Mine 11,222
2 Pa | Greene Consol Pa Coal Co Bailey Mine 9,827
3 WV | Marshall | McElroy Coal Company McElroy Mine 9,667
4 Pa | Greene | Cumberland Coal Resources Cumberland Mine 7,264
5 Oh | Monroe | American Energy Corporation Century Mine 7,141
6 WV | Marion Consolidation Coal Co Loveridge No 22 6,642
7 WYV | Harrison | Consol Energy Inc Robinson Run No 95 6,502
8 Pa | Greene Emerald Coal Resources LP Emerald Mine No 1 5,674
9 Pa | Greene Consolidation Coal Company Blacksville No 2 5,150
10 | Oh | Belmont | The Ohio Valley Coal Comp Powhatan No 6 Mine 4,594

73,686

Source: extracted from DOE data base -http://www.eia.doe.gov/cneaf/coal/page/database.html

2.3.2 Electric Generating Plants

The principle use of coal mined in the area is in the generation of electricity. The study area
contains an abundance of electric generating plants, which were sited in the area to take
advantage of the abundance of both coal and water.

Summary statistics regarding waterside coal-fired electric generating plants in the study area
are provided in Table 2.13. There are 18 plants and they consumed 65.1 million tons of coal

in 2008.

TABLE 2-13 - Number of Coal-fired Electric Generating Plants in Study Area

Riverside Number Coal Consumption
Allegheny 1 1,156,298
Monongahela 4 7,649,158
Kanawha 2 8,997,028
Ohio 11 47,342,764
Study Area Total 18 65,145,248
Source: EIA923december2008.xls

Figure 2.6 shows the name and location of all coal-fired electric generating plants in the Ohio

River Basin. Eighteen of the forty-nine plants are in the study area.
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FIGURE 2.6 - Location of Riverside Electric Generating Plants
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Table 2.14 is a list of the waterside coal-fired plants in the study area. The 18 plants
consumed 65 million tons of coal in 2008, which is an increase of 18% over the amount they
consumed in 2001.

TABLE 2.14 - List of Waterside Coal-fired Electric Generating Plants on ORS

Coal Consumption {Ktons)
Milepoint Electricity Generation %

Name * River State {MWh in 2008} 2,001 2,008 |Differerence
Cheswick 15.4|Allegheny PaA, 2446615 1,231,580 1,156,295 -B%
Amos 39.7 |Kanawha W 16,150,263 5,891,270 B 521 548 12%
Kanawha Rv 78.3|Kanawha W 2468 537 763,620 1,027 510 5%
Elrama 25.1|Monongahela |PA 1,141,624 1,171,990 546 965 -53%
Mitchell 29.5|Monongahela |PA 1,504 283 338,730 690 697 104 %
Hatfield 79.0|Monongahela |PA 11,094 451 3,439,430 4,735,374 35%
Fart Martin 92.0|Monongahela W 6,758,071 2,037,710 3,020,292 158%
Mansfield 33.1]|Ohia PA, 18,556,736 5,944 030 7,237 444 22%
Sarmnmis 52.8|0hio CoH 14,728 590 5,800,340 7,289 452 2B%
Cardinal 76.2|0hio oH 10,396,166 3,751,460 4,314 216 15%
Burger 102.3|Ohio CoH 1,431,883 852 570 779,768 9%
Karrmer 111.1]Ohio W 3115279 1,786,550 1,396 561 -22%
Mitchell 112.3|Ohio W 11,162,745 3,213,290 4,430,130 35%
Fleasants 160.5)|Ohio W 8,379,154 3,454 050 3558 517 3%
Sparmn 241.6]|0hio W 4,540 454 2,343,450 2151514 -5%
Mountaineer 243.4|0hio W 9,818 558 2,756,070 4,107 544 49%
Savin 258.5]|0hio W 21,102,131 7,367,770 g,543 550 16%
Kyger Creek 259.6|0hio CoH 5,845 578 2924 520 3,532 065 21%
Study area 152,071,178 55,071,161 65,147 256 18%
Rest of basin 224 959 217 94 877,789 | 115,110,689 2%
Total 377 031,095 149,948 950 180,257 945 20%

* Mile points indicate distance from source for the Ohio River and distance from the mouth for tributaries

2.3.3 Steel Producing Plants

Pittsburgh was nicknamed the steel city for the obvious reason that it contained the largest
concentration of steel producing plants in the country, if not the world, for nearly 100 years.
This era ended in the 1980s when the internationalization of previously largely separate
national economies led to the closure of nearly all of the area’s steel mills. A snap shot of the
plants located on the lower 40 miles of the Monongahela River near Pittsburgh in 1945 and
2009 is provided in Table 2.15 and illustrates the demise of the area’s steel complex.
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TABLE 2-15 - Steel Plants on Lower Mon River in 1945 and 2009

(steel capacity in thousands of tons)

Plant 1945 2009
Braddock 2,297 2,700
Clairton 805 -
Donora 877 -
Duqguesne 2,140 -
Homestead 1,740 -
McKeesport 1,200 -
Munhall 3,507 -
12,566 2,700

In addition to the Braddock plant, which is a USX facility, there is one other major raw steel
producing plants in the study area (Table 2.16), the Wheeling plant owned by the Severstal
corporation, which is a Russian corporation. While both plants have been upgraded on
numerous occasions, they were originally constructed over 100 years ago. They tend to
depend on the waterway system more as a source of water than for transportation purposes.

TABLE 2-16 - Waterside Steel Mills in Study Area

Company Facility River River Mile Capacity
USX Braddock Monongahela 11.3 2,700
Severstal Wheeling Ohio 87.5 4,200

6,900

2.3.4 Coke Production

One hundred years ago all iron and steel producing operations required coke to create the heat
to turn iron ore into a liquid and separate the iron from other materials. Today the U.S. has
only a fraction of the steel productive capacity it had 50 years ago and only a fraction of the
current steel production capacity require coal so that coke production has declined more
precipitously than steel production. Coal consumption by coke plants has declined 87% since
1950 (Table 2.17).
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TABLE 2-17 - U.S. Coal Usage to Make Coke
(thousands of tons)

1950 1980 2008 % Change
104,014 66,657 23,566 -87%

Source: http://www.eia.doe.gov/emeu/aer/coal.html

Coal is pre-processed in coke plants to remove impurities and other undesirable elements
prior to use in a traditional steel plant. The process is accomplished in a series of ovens,
which effectively bake out the impurities. By-products of the process include gases, which
are often transported to adjacent plants for use as inputs in chemical processing. The coke
itself is transported to steel plants where it is used to process iron ore into iron and thence into
steel. A listing of the waterside coke plants in the basin is provided in Table 2.18. The coke
plant at Clairton is the largest in the country. Its output goes to USX steel plants throughout
the country. The Mountain State Carbon plant is located near the Wheeling steel plant with
its output going to the Wheeling plant and other facilities owned by Severstal.

TABLE 2-18 - Waterside Coke Plants in Study Area

Company Facility River River Mile Capacity
USX Clairton Monongahela 20.1 4.5
Mountain State
Severstal Carbon Ohio 69.0 1.0

Source: http://www.eia.doe.gov/emeu/aer/coal.html

2.3.5 Recreational Facilities

The project area encompasses the City of Pittsburgh and sections of the Allegheny,
Monongahela, and Ohio Rivers. Historically the Allegheny was considered the river for
recreation, the Mon for manufacturing, and the Ohio for transportation. While the Ohio also
has numerous marinas and launching ramps (Table 2.19), one-third of them are on the Beaver
River, which is a tributary of the Ohio. These facilities depend on the existence of the pools
created by the navigation projects.

TABLE 2-19 - Marinas in Study Area

River Marinas Ramps Total
Allegheny 6 5 11
Mon 1 5 6
Ohio 20 9 29
Total 27 19 46
Source: Corps navigation charts.
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2.3.6 Economic Outlook

Recent projections were obtained from official Government sources regarding likely activity
in the sectors of the economy that are linked to type and volume of traffic through the study
area navigation projections. The principle source is the Energy Information Agency (EIA),
which is the analytical branch of the Department of Energy (DOE). Other sources were the
Census Bureau and the Department of Transportation (DOT). In the case of the DOT
projections, they were published in 2002 during a period of economic expansion and rapid
growth in international transportation. They are shown to illustrate the difficulty of
forecasting the future versus projecting the future. Forecasts imply certitude of the future
while projections provide a glimpse of the future given a continuation of certain trends.

2.3.7 Population Projections
Population projections by the U.S. Census Bureau show a continuation in the absolute loss of

population in the study area over the next decade (Table 2.20).

TABLE 2-20 - Projections of Population

(thousands)
U.S. ORB Study Area

1980 226,542 28,639 3,520
2008 304,060 32,533 3,119
2020* 341,387 34,837 2,988
Annualized % change 1.1% 0.5% -0.4%
*Georgia projections were only available to 2015
Source: http://www.census.gov/popest/counties/files/CO-EST2008-ALLDATA.csv
http://www.census.gov/popest/archives/1980s/e8089co.xls; Multiple state sources (State data centers and
universities).

2.3.8 Transportation

Transportation projections by the U.S. Department of Transportation, circa 2002, were for
continued robust growth via all transportation modes (Table 2.21). Given the descent of the
economy into a deep recession, these projections are probably optimistic. Like most
projections, they were based on existing conditions at the time and a continuation of trends up
to that time. The trends did not continue and these growth rates are unlikely to materialize.
They are presented to illustrate the difficulty of projecting the future and particularly of
ignoring the implications of the projections, such as continued unlimited imports from China
and other foreign nations.
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TABLE 2-21 - Projections of Transportation by Mode

1998 2020
Air 9 26 4.9%
Highway 10,439 18,130 2.5%
Ralil 1,954 2,894 1.8%
Water 1,082 1,487 1.5%
Total 13,484 22,537 2.4%
Source: USDOT, Freight News, October 2002

2.3.9 Electricity Consumption and Production

Electricity consumption projections by the U.S. Department of Energy, circa 2008, are for
continued growth in electricity consumption but with production of the electricity being led
by ‘green’ energy sources (Table 2.22). Nonetheless, generation from coal-fired plants is
second in importance with the rate of increase in production nearly matching the overall rate

of growth in demand.

TABLE 2.22 - Projected Electricity Generation by Type of Generation

% Annual
2007 2030 Growth

Coal 2,002 2,367 0.7%
Petroleum 61 46 -1.2%
Natural Gas 814 881 0.3%
Nuclear 806 907 0.5%
Pumped Storage/Other 9/ 4 1 -7.8%
Renewable Sources 10/ 318 614 2.9%
Total Generation 4,006 4,816 0.8%

Source: http://www.eia.doe.gov/oiaf/aeo/supplement/supref.html

2.3.10 Coal Production

Coal production forecasts developed by the Department of Energy as part of their “Annual
Energy Outlook 2009 show an increase in U.S. production, a decrease in Appalachian
production, and an increase in Northern Appalachian production (Table 2.23). These were
the latest forecasts by DOE that were available when this document was prepared and reflect
to a certain extent the move towards green energy and away from what is perceived as global
warming coal-fired production. Despite this, the outlook for coal production in the study area
is a relatively robust 1.9%, or twice the national average. This would appear to indicate that
coal transportation by all modes, including waterway transportation, will continue to be

significant in the study area.
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TABLE 2-23 - Projections of Coal Production
(thousands of tons)

Annualized rate of
2007 2030 change
Northern Appalachia 132,285 194,015 1.9%
Appalachia 478,161 353,072 -1.5%
United States Total 1,146,635 1,340,563 0.8%

Source: AEO 2009; specifically the supplementary tables found at
http://www.eia.doe.qgov/oiaf/aeo/supplement/supref.html

2.3.11 Employment Projections
Employment projections for the study area are listed in Table 2.24. Manufacturing is

projected to continue to decline while “All others”, which includes education and health care,
is projected to increase by 9.1%.

TABLE 2-24 - Projections of Employment by Sector in Pittsburgh MSA

2006 2016 Percent Change
Mining 4,980 5,320 6.8%
Manufacturing 96,980 89,620 -7.6%
Wholesale & retail trade 175,640 175,840 0.1%
Government 61,760 62,440 1.1%
All others 781,300 852,220 9.1%
Total non-farm employment | 1,173,180 1,239,270 5.6%

Source: Pennsylvania Center for Workforce Information, Long-Term Employment Projections:
http://www.paworkstats.state.pa.us/gsipub/index.asp?docid=401

2.4 Implications for Maintenance of Navigation System

The study area has changed significantly since the construction of the Ohio River Navigation
System nearly one hundred years ago. What began as an area dominated by coal and steel
production which used the system for water supply and transportation has evolved into an
area whose economy is largely dependent on the provision of health care and education. The
latter are obviously less dependent on the existence of a waterway transportation system than
are steel and coal production. The question then becomes whether continued maintenance of
the navigation system is warranted given the potentially large investment that will be needed
to modernize the aged projects.
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While the loss of high quantity and reliable water supplies from the three navigation pools
could have significant adverse local economic impacts, particularly to the City of Pittsburgh
and electric generating plants, national impacts are largely dependent on the navigation
system created by the projects. In turn, the navigation impacts are largely dependent upon
developments in the coal market, which in turn depend on developments in the electric
generating industry. This is the area of highest uncertainty and volatility which could result in
significant increases or decreases in the volume of barge traffic. Due to concerns over global
warming, it is the objective of many decision makers in the area of electric generation to
minimize the use of coal-fired plants and increase ‘green’ and gas-fired plants. The effects on
barge transportation of coal could be negative and greatly diminish the utility of the
waterborne transportation system. However, as is often stated, ‘hope is not a plan’. Many
government and private entities have analyzed the situation in detail and are of generally in
agreement that coal will continue to be a significant player in the electric generating market
for two reasons: 1) it is cost competitive; and 2) it is reliable in the sense that it can produce
electricity when needed, and not just when the wind blows or the sun shines. The 2009
forecasts by the Department of Energy are for an annual increase in electricity demands of 0.8
percent and an annual increase in coal-fired generation of 0.7 percent, or nearly the same.
Specific projections of the location of additional coal-fired capacity is not readily available,
but the recent pattern has been to construct additional capacity at or near existing capacity to
minimize community opposition and to take advantage of existing transmission lines. This
would mean that much of the additional capacity in the region would be located along the
navigation system.

The DOE also forecasts an annual increase in Northern Appalachian coal production of 1.9
percent, which reflects the adequacy of the area’s coal deposits to not only sustain but
increase their share of the steam coal market. It would appear, therefore, that increases in
steam coal shipments on the Upper Ohio could reasonably range between 0.7% and 1.9% a
year, given DOE forecasts of annual growth in coal-fired generation and Northern
Appalachian coal production. Since steam coal accounts for about one-half of Upper Ohio
tonnage, this equates to a growth rate of 0.35 percent and 0.95 percent annually even with no
growth in other traffic. However, one reason for the projected growth in Northern
Appalachian coal usage is increased demand from power plants installing scrubbing units.
Scrubbing units also require significant volumes of lime/limestone in an amount equal to
between 5 percent and 15 percent of coal consumption and the possible increase in traffic to
between 0.5 percent and 1.0 percent annually. Of course there are a host of other factors that
determine traffic levels and these were considered in the analysis documented in the
addendum on traffic forecasts. The purpose of this appendix was to describe the study area
and to consider how changes in the area affect the usage and importance of the navigation
system. The data indicate that the waterway system remains an important element in the
economy of the study area, despite the closure of the area’s steel industry and the disfavor of
coal-fired electricity generation.
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Section 3: EVALUATION PROCEDURE

The purpose of a U. S. Army Corps of Engineers planning analysis “... is to estimate changes
in national economic development that occur as a result of differences in project outputs with
a plan, as opposed to national economic development without a plan™'. This is accomplished
through a federally mandated National Economic Development (NED) analysis which is “...
generally defined as an economic cost-benefit analysis for plan formulation, evaluation, and
selection that is used to evaluate the federal interest in pursuing a prospective project plan.”?
NED benefits are defined as ... increases in the net value of the national output of goods and
services, expressed in monetary units ...”

For a navigation project investment, NED benefits are composed primarily of the reductions
in transportation costs attributable to the improved waterway system. The reduction in
transportation costs is achieved through increased efficiency of existing waterway
movements, shifts of waterway and overland traffic to more efficient modes and routes, and
shifts to more efficient origin-destination combinations. Further benefits accrue from induced
(new output/production) traffic that is transported only because of the lower transportation
cost deriving from an improved project, and from creating or enhancing the potential for other
productive uses of the waterway, such as the generation of hydropower. National defense
benefits can also be realized from regional and national growth, and from diversity in
transportation modes. In many situations, lower emissions can be achieved by transporting
goods on the waterway. The “... basic economic benefit of a navigation project is the
reduction in the value of resources required to transport commodities™ remains the
conceptual basis of NED benefits for inland navigation..

Traditionally, this primary benefit for barge transportation is calculated as the cost savings for
barge shipment over the long-run least-costly all-overland alternative routing. This benefit
estimation is referred to as the waterway transportation rate-savings, and it also accounts for
any difference in transportation costs arising from loading, unloading, trans-loading,
demurrage, and other activities involved in the ultimate point-to-point transportation of goods.
A newer way to estimate this primary benefit is to define the movement willingness-to-pay
for barge transportation with a demand curve (instead of the long-run least-costly all-overland
rate) and then calculate a transportation surplus (consumer surplus). Either way, the primary
benefit for federal investment in commercially-navigable waterways (benefits with a plan as
opposed to benefits without a plan) ends up as a transportation cost reduction.

The primary guidance document that sets out principals and procedures for evaluating federal
interest is the Principles and Guidelines (P&G)*. Corps guidance for implementing P&G is

! Planning Manual, IWR Report 96-R-21, U.S. Army Corps of Engineers, November 1996, page 56.

% National Economic Development Procedures Manual Overview, IWR Report 09-R-2, U.S. Army Corps of Engineers, June
2009, page 1.

3 Planning Guidance Notebook, ER 1105-2-100, U.S. Army Corps of Engineers, 22 April 2000, page 6-55.

* “Economic and Environmental Principles and Guidelines for Water and Related Land Resources Implementation Studies”,
U.S. Water Resources Council, March 10, 1983.
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found in the Planning Guidance Notebook® with additional discussions of NED analysis
documented in the National Economic Development Procedures Overview Manual®. For
inland navigation analysis, the focus is on the evaluation and comparison of the existing
waterway system with three basic alternative measures: 1) increase capacity (decrease transit
times and thereby reduce delay costs); 2) increase reliability (replace or rehabilitate aging
structures, thereby reduce the probability of structural failure and its consequences); and / or
3) reduce demand (e.g. congestion fees). The P&G provides general guidance for doing the
benefit assessment, but leaves open opportunities to improve the analytical tools used as new
data and computational capabilities are developed.

3.1 SYSTEM ANALYSIS

The inland waterway system is a network of locks and channel reaches. As a result, no
navigation project stands in isolation from other projects in the system. The study area must
extend to areas that would be directly, indirectly or cumulatively affected by the alternative
plans. An improvement at one node (e.g. lock) in the system affects traffic levels past that
node, and since that traffic can also transit other system nodes the performance at these other
nodes changes, possibly affecting traffic levels unique to those nodes, and so on. The
evaluation of inland navigation system equilibrium is a substantial computational problem
given the mix of commodity flows, each transiting different locks and each having their own
set of economic properties.

Since the 1970s, the Corps has been performing inland waterway cost-benefit analysis with a
system level evaluation. Through the USACE Planning Center of Expertise for Inland
Navigation (PCX-IN) located in the Navigation Planning Center in the Huntington District
(CELRH-NC), the Great Lakes and Ohio River Division (LRD) of the Corps has adopted and
continues to maintain a set of computerized analytical models for estimating the NED benefits
of proposed improvements to the Ohio River inland navigation system. The primary models
utilized in LRD are the Waterway Analysis Model (WAM) and the Ohio River Navigation
Investment Model (ORNIM”). In general these models have been designed to help Corps
planners achieve two goals: 1) to operate and maintain the inland waterway network as
efficiently as possible, and when necessary, ii) to select the best size, location, and timing of
inland navigation waterway improvements.

While the upper Ohio River is a subsystem of the Ohio River System (ORS), around 16
percent of the upper Ohio traffic also transits the lowest project on the Ohio River (L/D 53).
Insignificant amounts of Upper Ohio traffic move on the Tennessee, Cumberland, and
Kanawha Rivers, and little moves above Maxwell on the Monongahela River. Still, the Upper

5 Planning Guidance Notebook, ER 1105-2-100, U.S. Army Corps of Engineers, 22 April 2000.

% National Economic Development Procedures Manual Overview, IWR Report 09-R-2, U.S. Army Corps of Engineers, June
20009.

" ORNIM was built by Oak Ridge National Laboratory (ORNL) in collaboration with the Navigation
Planning Center of the Great Lakes and Ohio River Division (LRD). It is based on a long history of
model development within the Corps beginning in the 1970s with the Tow Cost Model (TCM) and the
Equilibrium Model (EQ).
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Ohio evaluation is performed within the context of detailed modeling of the Ohio River
Navigation System®. Origins and destinations are modeled outside the ORS, however, these
areas are not described in any level of detail which assumes waterway transportation costs in
these areas are constant through time and will not vary between an Upper Ohio with plan and
without plan.

The LRD models employed in determining system benefits (and the incremental benefits
between the with and without plans) requires four main classes of input data: i) data
describing the navigation system, its condition, and performance characteristics, ii) data
describing the waterway transportation costs characteristics (e.g. equipment usage and its
costs), iii) data describing the waterway traffic patterns and forecasted demands (i.e.
commodity origin destination), and iv) data describing the willingness-to-pay for barge
transportation (i.e. the long-run least-costly all-overland rate or a movement demand curve).

Lock performance characteristics are defined with tonnage-transit curves developed with the
WAM. The tonnage-transit curves are used by ORNIM to determine future transportation
costs, equilibrium traffic levels, and benefits for the with and without plans. Attachment 1,
Ohio River Navigation Investment Model (ORNIM) and Attachment 2, Capacity
Analysis, provide full discussion of the ORNIM and WAM model.

3.2 ANALYSIS FRAMEWORK

To understand the inland navigation analysis framework, it is best to first understand the
investment issues involved with inland navigation projects. The inland waterway
transportation system is a mature transportation system and as a result, the investment options
are focused on operational measures. The investment decisions are not whether to build a
waterway transportation system, but whether and how to maintain or enhance the existing
system (e.g. extended or new locks, channel improvements, replacement of key components,
alternative maintenance policies, etc.). The objective is not to determine the value of the
waterway transportation system, but to determine the value to changes in the waterway
transportation system.

Navigation performance issues can arise as traffic levels increase (congestion) and / or the
infrastructure degrades and becomes less reliable. At locks too small to efficiently handle
higher traffic volumes (and / or changing fleet configurations) congestion leads to a
degradation in service reflected in increased delays and higher transit times. Aging projects
and heavy usage can also cause serious reliability issues necessitating disruptive maintenance
outages and causing disruptive service failures (e.g. closures)’. Increased lock transit times,
whether caused by traffic growth congestion or a lock outage, increases transportation costs

® The Ohio River Navigation System is comprised of the Ohio River and its navigable tributaries — the
Allegheny, Monongahela, Kanawha, Big Sandy, Green, Cumberland and Tennessee rivers.

9 The most recent failure in LRD as of this writing occurred at Greenup Locks and Dam 27 January 2010. The anchorage
supporting a lower main chamber miter gate broke, closing the main and auxiliary chambers.
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for shipments transiting the lock, increasing trip cycles and ultimately requiring more
equipment to move the same annual volume of traffic.

In the past, traffic growth congestion has been the primary focus of lock improvement studies.
As adequate base capacity has been constructed in the Ohio River System (ORS), however,
the system has aged and lock performance reliability threatens the systems capacity to move
traffic. To over simplify, in the ORS most navigation projects consist of a main lock chamber
and a smaller auxiliary chamber. The main chamber is typically of adequate size and capacity
to handle current and expected forecasted demand. Due to traffic growth, however, the
auxiliary chamber is now often inadequate to handle current traffic levels on its own. On a
day-to-day basis, the auxiliary chamber is used to increase the efficiency of the project when
queues develop by passing small vessels, freeing up the larger main chamber for passage of
the larger vessels. The auxiliary chambers have always served as a backup to intermittent
closures of the main chamber, however, main chamber closures lasting more than a couple of
days can now result in large queues, high delay, and diversion of shipments often to already
congested land transportation corridors. During main chamber closures, the typically-sized
Ohio River tow capable of transiting a main chamber in one 60-minute lockage operation
must move through the smaller auxiliary lock chamber in two lockage cuts lasting a total of
about 150-minutes. With the processing time of each vessel is more than doubled, queues can
develop rapidly and equipment is trapped in queue idling rather than moving.

In response to shifting demands and increased traffic levels in some areas of the system, along
with consideration of the aging infrastructure and increasing reliability concerns, the Corps
desires identification of investments to maintain and / or enhance service where economically
justified. In light of recent lock failures it has become particularly imperative to avoid
failures of major lock components (particularly in the main chambers) and the lengthy lock
closures they invoke. In addition, in a budget constrained world, quantification and
prioritization of investment options with consideration of risk becomes important in managing
the system. These issues and concerns help frame the needed analysis framework as
discussed below.

3.2.1 Sectoral, Spatial and Temporal Detail

Economic models vary in terms of sectoral, spatial, and temporal detail. At one extreme are
spatially-detailed computable general equilibrium (CGE) models. A general equilibrium
analysis (despite the abstraction from the real economy) attempts to explain the behavior of
supply, demand, and prices in a whole economy with an equilibration of all prices. CGE
models are appropriate for issues expected to have economy-wide effects or whose economic
effects follow complex but tractable pathways. If economy-wide effects are not realistically
associated with the project being considered, modelers must make informed tradeoffs among
the three dimensions.

As noted, from a transportation perspective the needed investment decisions are on relatively
small improvements (e.g. extended or new locks, channel improvements, replacement of key
components, alternative maintenance policies, etc.); whether and how to maintain or enhance
the existing system. The need does not exist to estimate the total benefits the nation would
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lose if a waterway system no longer existed. Given this focused objective, a spatially-
detailed, partial-equilibrium model is sufficient. In a partial-equilibrium analysis, the
determination of the equilibrium price-quantity of a good is simplified by just considering the
price of that good and assuming that the prices of all other goods remain constant. In other
words, the prices of all substitutes and complements (as well as consumer income levels) are
constant.

3.2.2 Principals and Guidelines

As previously noted, the primary guidance for this framework is described in P&G (the latest
regulatory successor to the Green Book'”). Inland navigation investments are to be analyzed
through a NED analysis following an incremental and iterative planning process'' that ...
relies on the marginal analysis of benefits and costs for the formulation, evaluation, and
selection of alternative plans that provide incremental changes in the net value of desired
goods and services.”'? The alternative plan with the greatest net NED benefits is defined as
the NED plan. NED analysis can be generally defined as an economic benefit-cost analysis
(BCA). BCA is a well-established method for systematically organizing and comparing
information between alternatives and aims to separate acceptable from unacceptable projects,
and to rank the acceptable projects, to ensure that resources are invested wisely. Benefit-cost
analysis remains the most important criterion in Corps planning studies ™.

To accomplish an incremental analysis, all alternatives must be measured against a common
base. The future condition at the project (and in the system) without the investment(s) is
referred to as the Without-Project Condition (WOPC) and the future condition with
investment is referred to as the With-Project Condition (WPC). Identifying these future
scenarios or conditions is central to the analysis framework. An economic analysis of these
competing future conditions (over a 50-year analysis period) estimates the stream of benefits
and costs associated with each respective future. The temporal aggregation of these cash
flows necessitates discounting to complete the BCA.

NED benefits for a navigation project investment are composed primarily of the reductions in
transportation costs attributable to the availability of the improved waterway system. These
reductions in transportation costs are achieved by increasing the efficiency of existing
waterway movements, by providing for shifts of waterway and overland traffic to more
efficient modes and routes, and by providing for shifts to more efficient origin-destination
combinations. Further benefits accrue from traffic that is transported only because of the
lower transportation cost deriving from an improved project, and from creating or enhancing
the potential for other productive uses of the waterway, such as the generation of
hydropower. National defense benefits can also realized from regional and national growth,

10 Bureau of the Budget; the 1958 report, Proposed Practices for Economic Analysis of River Basin Projects” (known familiarly
as “the Green Book”), issued by a subcommittee of the Federal Interagency River Basin Committee; Senate Document 97,
approved by President Kennedy in May 1962; and the 1973 Principles and Standards (P&S) and the 1983 Principles and
Guidelines (P&G), both issued by the federal Water Resources Council (WRC, 1973; 1983).

™ The paG six-step process for civil works project planning.
12 National Economic Development Procedures Manual Overview, IWR Report 09-R-2, U.S. Army Corps of Engineers, June
2009, page 9.

USACE. 2000. Planning Guidance Notebook. ER 1105-2-100, April 22, 2000.
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and from diversity in transportation modes. In many situations lower emissions can be
achieved by transportation of goods on the waterway. But, the conceptual basis for the “...
basic economic benefit of a navigation project is the reduction in the value of resources
required to transport commodities.”'* These reductions in transportation costs can be
classified as:

e Cost-reduction benefits for commodity movements having the same origin, destination
and waterway routing that realize cost reductions because of a navigation improvement.
This reduction represents an NED gain because resources will be released for productive
use elsewhere in the economy. Examples for inland navigation are reductions in costs
incurred from trip delays (e.g. reduction in lock congestion), reduction in costs associated
with the use of larger or longer tows, and reduction in costs due to more efficient use of
barges. Examples for deep draft navigation are reductions in costs associated with the use
of larger vessels, with more efficient use of existing vessels, with more efficient use of
larger vessels, with reductions in transit time, with lower cargo handling and tug
assistance costs, and with reduced interest and storage costs.

¢ Shift-of-mode benefits for commodity movements having the same origin and destination
that realize a cost savings by shifting from their current mode/routing to the improved
waterway. In this case, benefits are the difference in costs of transport between the
without-project condition (when rails, trucks or different waterways or ports are used) and
the with-project condition (improved locks, waterways or channels). The economic
benefit to the national economy is the savings in resources from not having to use a more
costly mode or point of transport.

e Shift-in-origin and / or destination benefits that would provide benefits by either
reducing the cost of transport if a new origin is used or by increasing net revenue of the
producer, if a change in destination is realized. This benefit cannot exceed the reduction in
transportation costs achieved by the project.

e New movement benefits are claimed when there are additional movements in a
commodity or there are new commodities transported due to decreased transportation
costs as a result of a navigation improvement. The new movement benefit is defined as the
increase in producer and consumer surplus, thus the estimate is limited to increases in
production and consumption due to lower transportation costs. Increases in shipments
resulting from a shift in origin or destination are not included in the new movement
benefits. This benefit cannot exceed the reduction in transportation costs achieved by the
project.

¢ Induced movement benefits are the value of a delivered commodity less production and
transportation costs when a commodity or additional quantities of a commodity are
produced and consumed due to lower transportation costs. The benefit, in this case, is
measured as the difference between the cost of transportation with the project and the
maximum cost the shipper would be willing to pay.

14 “Economic and Environmental Principles and Guidelines for Water and Related Land Resources Implementation Studies”,
U.S. Water Resources Council, March 10, 1983, page 49.
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Basically, the economic analysis of waterway investments focuses on the evaluation and
comparison of the costs and benefits of the existing waterway system with three basic
alternative measures: 1) increase capacity (decrease transit times and thereby reduce delay
costs); 2) increase reliability (replace or rehabilitate aging structures, thereby reduce the
probability of structural failure and its consequences); and / or 3) reduce demand (e.g.
congestion fees).

3.2.3 Theoretical Equilibrium and Incremental Benefit Framework

The P&G provides general guidance for doing benefit assessments and benefit-cost analysis,
but it does not overly restrict or dictate how the assessments should be done. As discussed in
IWR Report 09-R-2, National Economic Development Procedures Manual (dated June 2009),
the cost reduction is the principal inland navigation benefit category and the other benefit
categories reflect the different ways that cost reduction can give rise to non-marginal changes
in the use of inland navigation.

IWR Report 09-R-2 also describes calculation of cost reduction, shift-of-mode, and new
movement benefits through the hypothetical project example shown in FIGURE 3.1. This
example depicts the calculation of benefits to shippers from expanding locks along a specific
origin-destination route as a means to alleviate barge traffic congestion and associated
passage delays at the locks. The vertical axis represents the unit prices (rates) for transport,
and the horizontal axis shows the total quantity of commodity units transported in response to
different rates.

FIGURE 3.1 - Benefits to Shippers from Lock Expansion
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The downward sloping line shows shippers’ total market (derived'®) demand function for
transporting a specific commodity from a given origin to a given destination. The slope of the
demand function, or Market Demand for all available transportation methods, represents the
response of the quantity of the commodity transported to changes in transportation rates. For
simplicity, it is assumed that this market is served by only two transport modes (barge and
rail), and there is no qualitative difference between the services they provide.

In the FIGURE 3.1 example, it is assumed that, because of the open access nature of the barge
industry, competition forces barge rates to the level of the long-term average costs (LRAC) of
providing barge transportation. Further, the example assumes that the long-run average cost
function for barge transportation is horizontal over some initial range of shipments, reflecting
constant marginal costs of moving that range of shipments by barge. However, the example
also assumes that as the level of barge shipments increases beyond a certain point, increased
barge traffic results in congestion and queuing delays at the locks on the system. The
increasing waiting times for passage through the locks reflects diseconomies for barge
transportation due to increasing factor input costs, which is represented in FIGURE 3.1 by the
portion of the barge long-run average cost function that suddenly veers upwards and to the
right. The difference between the horizontal and upward sloping sections of this function is
the delay (congestion) cost.

In the without-project situation, the total quantity of units shipped is Qt. Of this total, Qg is
shipped by barge at price Py that approaches but remains slightly below the prevailing rail
rate. Since barge rates are set equal to barge long-run average costs, the barge price for Qg
includes a lock delay cost that is imposed on all barge shippers. The remaining quantity
transported (Qr — Qg) is carried by rail, since the prevailing rail rate is below the rate that
barges would need to charge shippers to accommodate the increased delay cost if total barge
shipments were to increase beyond Qg. Expansion of the locks would increase total potential
barge shipments to Q*r by eliminating delay costs for this level of shipment. This is
illustrated by the horizontal section of the without-project average cost function and the
extending dashed line. This represents the new long-run average cost function for barge
shipment with lock expansion. The new average cost function eventually turns upward,
reflecting that even with lock expansion, delay costs would reappear if barge shipments
increased much beyond Q*r.

Estimation of the benefits of lock expansion begins with a prediction by planners of the
amount of barge shipments that would result if the new lock capacity were fully utilized,
which in this example is Q*r1. At this new level of barge shipment, project benefits would be
the sum of 1) cost reduction benefits for the level of barge shipments that existed in the
without-project condition, 2) shift of mode benefits associated with the level of without-
project shipments that were carried by rail, but with the project will now switch to barge, and
3) new movement benefits associated with any increase in total market shipments beyond the
without-project level.

'3 Shippers’ demand for barge transportation services is derived from the demand for the commodities that barge
carriers transport to buyers.
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Cost reduction benefits are equal to the sum of areas A and B in FIGURE 3.1 and are
calculated by multiplying existing barge shipments (Qg) by the difference between the
without-project barge rate (Pg) and the estimated with-project barge rate (P*g). Shift of mode
benefits are equal to area C, and are calculated by multiplying the quantity previously carried
by rail (Qr — Qg) by the difference between the prevailing rail rate and the with-project barge
rate. Finally, new movement benefits are equal to area D.

3.3 MODELING FRAMEWORK

Since the inland navigation investments analyzed have long lives (and regulation requires a
benefit-cost analysis assuming a 50-year investment life), benefits and costs must be
estimated through time. These estimated life-cycle WOPC and WPC benefit and cost cash
flows then serve as the basis for the benefit-cost analysis.

To accomplish a life-cycle analysis, ORNIM is designed to estimate and analyze the benefits
of incremental improvements in a river system and then to compare the benefits against the
costs. ORNIM operates within the supply and demand framework discussed, with inputs that
describe the long-run average cost of water transportation (supply) and the movement level
demand for water transportation. ORNIM determines WOPC and WPC movement demand
equilibrium and incremental benefits, however, the analysis of an investment within a system
is much more complex than the simple commodity origin-destination route used as an
example in the previous section. Additionally there are other considerations beyond
equilibrium and surplus calculations that must be factored into the investment decision. The
modeling requires a movement from the theoretical model to an empirical model that
appropriately addresses the empirical question at hand and does so in a way that provides the
most useful insights for decision-making, given the resource constraints placed on the overall
analysis. This section briefly describes the modeling framework used to apply the theoretical
framework discussed. Additional discussion can be found in Attachment 1, Ohio River
Navigation Investment Model (ORNIM).

3.3.1 Life-Cycle Analysis Accounting

A benefit-cost analysis is sensitive to the life-cycle period being considered and to the
handling and comparison of the life-cycle cash flows. This is especially true for inland
navigation investments which are costly and have long payback periods. Before proceeding
further, the planning period and cash flow analysis will be discussed.

3.3.1.1 The Planning Period

Corps guidance requires that the period of analysis should be the same for each alternative
plan, and include the time required for plan implementation plus the time period over which
any alternative would have significant beneficial or adverse effects. In studies for which
alternative plans have different implementation periods, Corps guidance says that a common
“base year” should be established for calculating total NED benefits and costs, reflecting the
year when the project is expected to be “operational.”
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Guidance also specifies that for inland navigation projects, the time period over which WPC
alternatives have significant beneficial or adverse effects is 50 years. This is not to say that
the project or alternative will only last 50 years (the actual life is often much longer), but that
only 50-years worth of benefits can be considered to off-set the investment cost. The 50-year
period is often referred to as the analysis period or project life (although regulated project life
would be more appropriate).

The plan implementation period, however, must also be considered in the analysis. This does
not mean the entire time leading up to the alternative completion including both the study and
construction periods, but instead the period when costs are incurred that are to be compared
against the project benefits (i.e. the construction period). Figure 0.2 displays the terminology
that will be used in the remainder of this document.

FIGURE 3.2 - Planning Period
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For the upper Ohio analysis the implementation (or construction period) was six years which
was considered long enough to cover the longest alternative implementation. As a result, the
planning period extended over 56-years. The first year of the construction period was set as
2012 (the first possible budget year), resulting in a base year of 2018 and a final analysis
period year of 2068.

3.3.1.2 Compounding, Discounting, and Amortization

The life-cycle cash flows (whether benefits or costs) often fluctuate through time over the
planning period. Project costs are incurred primarily at the time of construction while benefits
accrue in varying amounts over the project life. Costs spent on construction today cannot be
directly compared to the dollars in benefits that will be realized years from now. Even when
inflation is not a concern, a rational person prefers one dollar now (a given level of
consumption today) more highly than one dollar in the future (the same amount of
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consumption at some future point in time). Comparison of life-cycle benefits and costs is
impossible without temporal aggregation of the cash flows; specifically compounding,
discounting and amortization.

Compounding and discounting is the process of equating monetary values over time;
measuring the “time value” of cash flows (benefits and costs) that occur in different time
periods. Compounding defines past sums of money into a single equivalent value.
Discounting defines future sums of money into a single equivalent value. This equivalent
value is also known as a present value or present worth. Compounding and discounting
requires the use of an interest rate which represents society’s opportunity cost of current
consumption. The same rate is used for both compounding and discounting.

The appropriate rate can be a matter of debate; however, Congress has resolved the dilemma
for water resource agencies. The rate used in evaluating water resource projects is set
annually, by law (Section 80 of PL 93-251), using a prescribed formula based on the cost of
government borrowing. The rate is published each year by Corps Headquarters as an
Economic Guidance Memorandum (EGM). The FY 2010 project evaluation and formulation
rate is 4.375%; however, OMB prefers to use a “fixed” 7.0% rate. These
compounding/discounting rates are typically referred to as the Federal discount rate and the
OMB discount rate. The Federal discount rate is used for the formulation and selection of the
NED plan. The NED plan is then summarized at the OMB discount rate for the Corps
budgetary process.

The estimated benefit and cost cash flows expected to occur in time periods following the
base year are to be discounted back to the base year using the prescribed interest rate. Since
the implementation period for some plan may begin prior to the base year, any estimated NED
benefits and costs for that plan expected to be realized before the base year are to be
“compounded” forward to the base year. That is, for plan benefits or often known as “benefits
during construction” and costs expected to be realized before the base year, the discounting
procedure is applied in reverse, so that the interest rate serves to compound rather than
discount those effects to the base year. The same prescribed interest rate is to be used for both
compounding benefit and cost streams that occur prior to the base year, and for discounting
benefit and costs streams that occur after the base year.

3.3.2 Waterway Equilibrium

To complete a life-cycle analysis of an incremental improvement to a river system, the WOPC
and WPC movement demand equilibrium must first be determined. There are, however, two
different types of equilibrium: shipper-based and social optimum equilibriums. In
formulation of the NED a shipper-based equilibrium for the WOPC and WPC is assumed.

The social optimal equilibrium is then estimated through a congestion fee analysis which is
then compared against the WPC alternatives. Typically a congestion fee alternative will
produce the highest benefit-cost ratio, but not the highest net benefit (which is the objective of
the recommended NED plan).
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In the case of the Upper Ohio analysis, however, the congestion fee alternative is not
appropriate as will be discussed later. The shipper-based and social optimum equilibriums
can both be estimated with ORNIM and are briefly discussed in additional detail below.

3.3.2.1 Shipper-Based Equilibrium

In typical ORNIM equilibrium execution, individual shippers (i.e. movements) are assumed to
make decisions based on their observed cost of moving on the waterway system; but they do
not consider the additional congestion their shipments place on all other users of the
waterway. As a result of this negative externality, the total use of the waterway exceeds the
optimal level of use when considered from the perspective of society; a shipper-based
equilibrium as opposed to a social-optimal equilibrium. The shipper-based equilibrium is
reality while the social equilibrium minimizes transportation costs (considering all
transportation modes).

In the equilibrium process ORNIM calculates a conditional cost curve for each movement
which represents, for every level of traffic, the shipper cost of shipping commodities via the
water routing. The costs include only those costs borne by the waterway carrier (e.g.,
equipment, labor, fuel, and supplies), and not those borne by the Federal Government in the
operation and maintenance of the waterway system. Two waterway conditional cost curves
are depicted in FIGURE 3.3 -- the average towing cost (ATC) curve and the marginal towing
cost (MTC) curve. The ATC curve represents the average cost of shipping at different traffic
levels. It rises because the average delay, and therefore the average cost, is higher at higher
levels of traffic. The MTC curve represents the additional cost to the shipping industry of
transporting an additional ton of cargo on the waterway. It increases at a faster rate than the
ATC because the higher delays associated with higher levels of traffic are sustained by all
shippers, not only the shipper who causes the delay. An additional tow entering the river
system increases the delay costs for all tows sharing resources with the new tow (i.e. all tows
transiting a shared lock). The external cost to society is the marginal congestion costs to all
shippers resulting from this additional tow minus the average cost paid by the marginal tow.
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FIGURE 3.3 - Conceptual Waterway Movement Conditional Cost Curves
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As noted, in the shipper-based equilibrium shippers in the inland waterway operate in their
own self-interest. Individual shippers will not restrict output to a social optimum, where the
last increment of tonnage added to the system exhibits just enough marginal rate savings to
offset the marginal towing costs (including induced delays); MTC=MRS. Instead, shippers
tend to expand waterway volumes to the level at which their average towing costs equal their
marginal rate-savings or demand (ATC = MRS). This occurs because each individual carrier
pays only its own average cost for moving on the waterway system, not the true marginal
costs, which include the costs imposed on all shippers. For example, in a congested lock
situation, the addition of just a few more tows per day causes lock delays to increase
exponentially because of the queuing effect. The additional tows do not pay for the total
marginal increase in tow delay. Rather, the increased delay costs are spread among all tows
using the congested lock, making each less efficient. For this reason, the ATC is used in the
analysis and formulation of inland navigation projects.

3.3.2.2 Social Equilibrium (Congestion Fee Analysis)

A social-optimal equilibrium can be achieved by inducing private shippers to behave in a
socially optimal way. The government can impose a tax or a congestion fee on shippers equal
to the difference between the marginal social cost and the average private cost. These fees
have both a temporal and spatial dimension and the difficulty is in determining the right mix
of fees to mimic the marginal social cost. Movement tonnage demand forecasts, movement
willingness-to-pay, and scheduled lock service disruptions also affect the optimal fees each
year. As in the shipper-based equilibrium, spatially the exact origins and destinations of
commodities affect the traffic levels by waterway segment and thus the optimal fees at
individual locks.
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The fees however can be determined by the relationship between the demand for traffic at
each lock and the capacity of the lock. An initial implementation of an automated method of
deriving congestion fees has been implemented in ORNIM (specifically WSDM) as an option
in the equilibrium process. The procedure derives a fee (stated as $/ton) for each lock in the
system. This approach provides an approximation to the theoretical ideal. The mechanics of
this equilibrium can be found in Attachment 1, Ohio River Navigation Investment Model
(ORNIM).

3.3.3 Calculation of Transportation Surplus

As discussed in section 0, the benefits are transportation cost reductions. Another way to
view the benefits is to compare the WOPC and WPC transportation benefits (i.e.
transportation benefits increase when transportation costs decrease). In FIGURE 3.1 the
transportation benefit is the area between the market demand curve and the LRAC (including
delay cost) curve. There are however, two ways to define this market demand in ORNIM;
inelastic and elastic. And there are actually two ways to define elastic demand; constant or
piecewise-linear. For the Upper Ohio analysis, all movements were defined as piecewise-
linear elastic. Additional information on the elastic movement definitions can be found in
Attachment 1, Ohio River Navigation Investment Model (ORNIM). The inelastic and
elastic demands, and the calculation of waterway transportation savings, are briefly discussed
below.

3.3.3.1 Inelastic Demand

For inelastic movement demand the transportation surplus (typically referred to as waterway
transportation savings) is represented by a rectangle above the equilibrium waterway cost,
under the inelastic willingness-to-pay (typically set at the least-costly all-overland rate), and
between 0 and the equilibrium quantity. The transportation surplus is therefore:

TSinelaStic = (A - P*) Q* (1 O-l)

where:
TS = transportation surplus
A = the inelastic willingness-to-pay $/ton (least-cost all-overland
alternative rate $/ton)
P” = is the equilibrium water transportation rate (cost adjusted base
water rate in $/ton)
Q" = is the equilibrium quantity (tonnage)

3.3.3.2 Elastic Demand

If the demand is represented by a constant elastic demand function then the transportation
surplus is calculated by an integral considering price as a function of quantity:

L (1.0-2)
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If we assume < -1, the integral is bounded and can be expressed in closed form:

e+1

__a ip

Seoy ~ 41 (1.0-3)

(This form assumes the equilibrium point is on the demand curve)

However, if the elasticity is greater than -1 then the integral becomes unbounded if we try to
integrate all the way to the vertical axis. To provide a reasonable way to compare benefits
with elasticities between 0 and -1, ORNIM caps the cost for all constant elasticity demand
curves at the value corresponding to one barge load of the commodity. Thus, instead of
integrating from 0 to Q* , the consumer surplus is calculated as the integral from Qpinto Q*
where Qmin 1s the single barge quantity. The surplus for the single barge Qmin (Pmax— P¥) 1s
then added to the value of the integral. The details of the integration and an interesting
linkage between the constant elasticity and the fixed demand functions is described in
ADDENDUM 1D Calculation of Transportation Surplus.

If the demand is represented by a piecewise-linear demand function, then the calculation is
relatively straightforward. The area under the curve is calculated by adding the areas under
each of the segments. Each segment has a trapezoid shape; therefore, the area under a
segment is:

1 * *
TSeoy = 5 {[Pi -P ]* [Pi+1 -P ]}[Qi - Qi+1] (1.0-4)

where:
P;j and Q; are the (price, quantity) points that define the demand curve for the
given movement & year

3.3.4 Benefit-Cost Analysis
Given the itemization of all the various cost categories over the life-cycle for both the WOPC

and WPC, the benefit-cost analysis can be completed. Essentially the WPC WOPC costs
foregone (benefits) can be compared against the WPC investment cost.
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In the model, the various cost categories (waterway savings and system performance
statistics) are itemized under four shipper-based equilibrium scenarios (Normal-operations,
Scheduled-maintenance, Probabilistic without scheduled maintenance, and Probabilistic with
scheduled maintenance). The non-probabilistic scenarios are itemized to allow incremental
comparison against the probabilistic scenarios to enumerate risk effects. Additionally
multiple forecast scenarios are summarized. The user then manually selects the NED plan
from either the Probabilistic (without scheduled maintenance) scenario or the Probabilistic
(with scheduled maintenance) scenario with consideration of the forecast scenario variation.
Typically the Probabilistic (with scheduled maintenance) scenario is used with the results
between the forecast scenarios averaged.

Note that the WOPC costs avoided under the WPC can be itemized as a benefit or they could
be subtracted from the WPC investment cost which converts the benefit-cost analysis to a
benefit-to-incremental-cost analysis. Either way the net benefits remain the same, however,
the benefit-cost ratio will be higher under a benefit-to-incremental-cost analysis.

The net benefits are calculated by subtracting total economic costs from total economic
benefits. Corps planning policy dictates selection of the NED plan as the plan that maximizes
net NED benefits. The benefit-cost ratio (BCR) is calculated by dividing total economic
benefits by total economic costs. Despite Corps formulation of investments by net benefits,
prioritization of investments by the Office of Management and Budget (OMB) is often done
using the BCR.

3.4 RISK AND UNCERTAINTY

Corps of Engineers guidelines as presented in the Principles and Guidelines have long
recognized that uncertainty is inherent in all phases of the analysis of waterway investments.
As such, this analysis provides information regarding the level of uncertainty associated with
the values estimated for a number of critical inputs. These include traffic demand projections,
lock performance descriptors (capacity and lock availability), and structural reliability.
Estimating values for these inputs rests upon a large set of variables, many of which are
unique to the input being estimated.

This study focuses its descriptions of uncertainty on the key determinants of economic
feasibility--traffic demand projections, lock performance and structural reliability. In the case
of traffic demand projections, alternative traffic forecast scenarios based upon competing sets
of assumptions are presented and analyzed (Attachment 3, Traffic Demand Forecasts).
Discrete event simulations based upon statistical analysis of tow operator behavior and actual
lock operations are used to estimate traffic-delay or transit relationships at all locks
(Attachment 2, Capacity Analysis). Lock availability and performance is further described
through the use of hazard values and event trees, which is the key input into the Monte Carlo-
type simulation which calculates expected future adverse impacts associated with a lock’s
structural reliability (Attachment 1, Ohio River Navigation Investment Model).
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Section 4: UPPER OHIO VESSEL FLEET AND
PERFORMANCE CHARACTERSITICS

4.1 INTRODUCTION

Tows moving on the inland waterway system are configured to operate as efficiently
as possible along each waterway segment. Lock size and channel dimensions are
critical in establishing the most efficient tow configuration. Currently, the upper Ohio
fleet consists largely of jumbo barges, with six of these barges comprising a typical
tow. This section describes the existing characteristics of barges and tows using upper
Ohio locks and their performance in processing commercial traffic. Detailed
discussions of the vessel fleet and lock utilization are presented in Attachment 2
Capacity Analysis of this economics appendix.

4.2 VESSEL FLEET
4.2.1 Introduction

The upper Ohio vessel fleet consists of different types of barges and towboats configured in
tow sizes determined by market conditions consistent with lock sizes and channel dimensions.

4.2.2 Barge Fleet

Water transportation equipment has evolved over the years to take advantage of advances in
towboats and to match lock sizes. In the distant past the towing industry developed the
standard barge with dimensions of 175 feet by 26 feet, which could typically carry 1,069 tons
of dry bulk cargo, such as coal or aggregates.

A single tow moving through the main locks at EDM could consist of 11 standard barges (4
across and three long, with a slot for the towboat) carrying 11,750 tons. The entire tow could
pass through the 600 by 110 main locks at EDM without breaking the tow and double-
locking. Larger tows of standard barges are possible, but they require breaking the tow and
double locking when passing through EDM.

As 1,200 foot long locks were constructed downstream beginning in the 1950s, the towing
industry adapted and developed the jumbo barge with dimensions of 195 feet in length by 35
feet in width, which is able to carry 1,669 tons (56 percent more than a standard barge).

On the rest of the Ohio River mainstem, the towing industry has adopted a maximum tow size
of 15 jumbo barges (3 across and 5 long), which can carry 25,000 tons when fully loaded.
This is 2.13 times the capacity of a tow consisting of eleven standard-sized barges, sized to
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pass through the EDM locks. The use of jumbo barges increased the productivity of the water
transportation system.

A tow of 15 jumbo barges has a length of 975-1,000 feet that can easily fit into the 1,200 foot
lock chambers at the 17 other Ohio River projects, with 225 feet of length available for the
tow boat and room to spare.

When a maximum tow of 15 jumbo barges encounters any of the EDM locks it must be
broken apart and moved through the main locks in two parts, termed double locking. This
adds to operating time and expense.

At times, when a main lock chamber at EDM is out of service for maintenance or repair,
jumbo barges can only be moved one at a time through a 360 foot by 56 foot auxiliary
chamber, thus causing very high delays to towboats and cargo.

An intermediate barge type was also developed, the so-called stumbo. It has the length of a
jumbo barge — 195 feet — and the width of a standard barge — 26 feet — and can carry 1,121
tons of dry bulk cargo, about 5 percent more than a standard barge. Stumbo barges were sized
to fit through 56 foot wide locks such as were present in the past on the Mon River and still
exist on several other tributaries.

Jumbo barges predominate on the inland waterway system. Of the roughly 18,000 dry cargo

barges currently in use, 96.4 percent are jumbo in size — 195 or 200 feet by 35 feet. The
predominance of jumbo barges is shown in Table 4-1.

TABLE 4-1 - Dry Cargo Barge Fleet

Decade Dry Cargo Barges Currently in Use

Built Standard Stumbo Jumbo Total Pct Jumbo
1960s - - 109 109 100.0%
1970s 40 112 2,121 2,273 93.3%
1980s 175 173 3,805 4,153 91.6%
1990s 71 49 6,874 6,994 98.3%
2000s 30 - 4,470 4,500 99.3%
Total Fleet 316 334 17,379 18,029 96.4%

Source: Probable Size of Future Barge Fleet at Emsworth, Dashields and Montgomery Locks, Linare Consulting,
October 6, 2008.

The trend toward the use of jumbo barges was well established as long as four decades ago,
yet it has increased over time. Table 4-2 shows barge construction since 1991. Note that the
vast majority of dry cargo barges built since 1991 (98.9 percent) have been jumbo barges.
There have been no standard barges built since 2002 and no stumbo barges built since 2000.
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TABLE 4-2 - Barge Construction Since 1991

Dry Bulk Cargo Liguid

Year Jumbo Jumbo Other

Built [ Standard| Stumbo Open Covered Tank Tank Total
1991 309 143 48 29 529
1992 22 326 296 56 25 725
1993 12 15 137 283 16 29 492
1994 128 275 15 24 442
1995 118 387 14 70 589
1996 563 433 26 60 1,082
1997 30 301 1,198 12 35 1,576
1998 361 539 21 18 939
1999 336 515 25 55 931
2000 14 10 263 488 17 39 831
2001 175 434 14 32 655
2002 16 164 392 24 596
2003 110 107 11 52 280
2004 158 269 26 57 510
2005 185 34 55 54 328
2006 373 299 14 54 740
2007 353 493 28 57 931
Total 64 55 4,360 6,585 398 714 12,176

Source: Probable Size of Future Barge Fleet at Emsworth, Dashields and Montgomery Locks, Linare Consulting, October 6,

2008.

Trends in the types of barges in the barge fleet in recent years have shown a steady decline in
the number of standard, stumbo open hopper and jumbo covered barges while there has been
growth in the number of jumbo open hopper barges over the same period.

The U.S. Army Corps of Engineers conducted a study'® to develop an effective and efficient
plan for future operation and maintenance of the three upper Ohio navigation projects —
Emsworth, Dashields and Montgomery (EDM). The plan is contingent on the fleet that
passes through the projects in terms of the types of barges used and the size of the tows. The
study investigated probable changes in the barge fleet that passes through these projects, and
how this and possible changes in lock sizes would affect the size of tows at the projects.

A few findings are as follows: (i) only regional carriers in the Pittsburgh area use narrow (26’
wide) barges — standards and stumbos. They are being phased out and will be fully retired in
the next twenty years and replaced by jumbo (35° wide) barges. The result will be reduction
in annual barge trips through the locks, without taking into account growth or decline in
traffic volumes and (ii) there are multiple factors that affect the size of tows transiting the
locks, with the two most important being the volume of shipments and the size of locks.
Larger locks at EDM would result in larger tow sizes, but they would still be less than tow

16 probable Size of Future Barge Fleet at Emsworth, Dashields and Montgomery Locks, Linare Consulting, October 6, 2008.
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sizes elsewhere on the Ohio River where shipment volumes are higher. This information was
used in the development of future capacity estimates at EDM and is written up in more detail
in Attachment 2 Capacity Analysis.

4.3 LOCK PERFORMANCE CHARACTERSITICS

Average lock performance characteristics for each lock from 2004 to 2009 are listed in
Table 4-3. The number of empty barges indicates the level of backhaul opportunities.
The percentage of empty barges is an important statistic when estimating lock
capacity, where lock capacity is defined as an annual tonnage throughput based
partially on fleet characteristics. Fifty-percent empty indicates the absence of
backhaul opportunity with barges moving loaded in one direction and empty in the
opposite direction. Upper Ohio projects show 38 percent empty barges indicating
some backhaul opportunity. This is largely due to the fact that the upper Ohio projects
tend to serve regions that are both production and consumption oriented so that greater
opportunities exist for loaded backhauls.

4.3.1 Lock Transit Time

The time required for a tow to transit a lock has two components: processing time and
delay time. Average processing and delay times from 2004 to 2009 for the upper Ohio
projects are provided in Table 4-8. Processing time is the amount of time a lock is
obligated to serve a particular tow. Delay time is the time a tow must wait to be
served. Under normal operation, upper Ohio locks experience an average 30 minutes
of “residual” delay; delay due to a tow arrival when the lock is in use. More
variability is seen in average delay time compared to average processing time.
Heavier use of the auxiliary chamber during main chamber closure accounts for most
increases in processing time as single-cut tows configured for the main chamber
require multiple cuts when using the auxiliary chamber. Higher than normal delays
are generally attributable to a main chamber closure.

TABLE 4-3 - 2004-2009 Average Lock Performance Characteristics

Avg. Avg. Avg. Time Avg.
No. Number of Barges Barges Tons /Tow (min.) Comm. Lock

River/Project Tows| Loaded | Empty| Total | /Tow Ktons | /Tow | Delay | Process| Total | Lockages | Cuts/Tow
Emsworth 3,816| 14,076| 8,444(22,520 5.9 19,627 | 5,143| 41.84 68.74| 110.58 4,764 1.2
Dashields 3,634| 14,781 9,156( 23,937 6.6 20,361 | 5,604| 30.38 66.19| 96.57( 4,618 1.3
Montgomery 3,652| 13,866| 8,147(22,013 6.0] 20,112 | 5,507 40.57 71.03]111.59( 4,561 1.2

Source: LPMS Data.
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4.3.2 Lock Processing Time

Processing time encompasses the amount of time it takes to approach, enter, chamber,
and exit the chamber. At smaller chambers where multiple cuts of the tow must be
performed, chambering time includes all intermediate entries and exits. As a result,
extra entry, exit, and chamber turnback times are experienced.

Processing times are also affected by site characteristics like hydraulic conditions, lift,
number of valves, chamber size, and the location of arrival points. Tow sizes also
affect processing times. Smaller tows can generally be processed faster.

Average processing time for a given lock chamber can vary from year to year
depending on a number of factors. Most important are tow size, the share of the
project’s total tows locked through the smaller auxiliary, and the number of
recreational boats relative to the number of tows. The larger the tow, the higher the
average processing time since larger tows take longer to lock and in the event of a
main chamber closure, would require multiple lockages to lock through the auxiliary
chamber. The greater the number of recreation boats vis-a-vis tows, the shorter the
average processing times because recreation vessels can lock through more quickly.

4.3.3 Lock Delay Time

Delays are recorded in the Lock Performance Monitoring System (LPMS) data when a
tow reaches a lock’s arrival point and must wait for service. Once the lock is available
for service and the tow begins its approach, the period of delay ends. Delays are
encountered for a variety of reasons including: weather, hydraulics, accidents, lock
maintenance, and an existing queue of tows waiting to use the lock. Delays are a
problem when a main chamber is closed for maintenance because at historic traffic
levels tows arrive faster than they can be processed with the smaller auxiliary
chamber. Table 4-4 shows average tow delay during EDM main lock chamber
closures.

4.4 LOCK OPERATIONS
4.4.1 Towing Operations

During normal operations, the main chamber is used for all tows and the auxiliary
chamber is used by recreational traffic and other smaller vessels like lightboats. The
maximum number of cuts allowed is a double cut through the main chamber and five-
cuts through the auxiliary chamber. Table 4-5 shows chamber utilization by vessel
type averaged from 2004 to 2009.
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TABLE 4-4 - Average Tow Delay During
EDM Main Lock Chamber Closures

(Hours)
Duration Number Avg. Tow

Year Project in Days of Tows Delay (Hrs)

2007 Emsworth 4.3 58 12.2
2006 Dashields 7.5 60 7.2
2002 Montgomery 16.6 178 32.7
2002 Montgomery 10.7 130 33.6
2001 Emsworth 8.7 105 18.0
1999 Emsworth 55 81 9.2
1998 Emsworth 8.6 100 15.3
1997 Emsworth 6.9 84 14.1
1997 Dashields 33.3 385 225
1996 Emsworth 6.1 96 31.2
1995 Emsworth 7.1 100 17.8
1994 Emsworth 29.9 299 36.4
1989 Dashields 59.3 809 15.7
1988 Dashields 485 651 4.8
1988 Dashields 14.2 204 11.0
1986 Dashields 11.3 151 3.1
1986 Montgomery 45.3 570 24.3

Source: PCXIN in LRH.

TABLE 4-5 — Usage by Chamber, 2004-2009

Main Chamber Auxiliary Chamber Both Chambers
River/Project Tows Lt Boats | Rec Boats Tows Lt Boats [ Rec Boats Tows Lt Boats | Rec Boats
Emsworth 3,109 36 37 707 686 1,222 3,816 722 1,258
Dashields 3,092 12 9 543 495 787 3,634 507 797
Montgomery 3,136 69 25 516 526 490 3,652 595 515

Source: COE LPMS Data.

4.4.2 Lock Operating Hours

All upper Ohio projects are operated year-round on a 24-hour basis except during
periods when a chamber is closed due to weather or for inspection and
maintenance/repair work.

4.4.3 Lockage Policy

Tows are normally locked through on a first-come/first-serve basis. EDM tows
typically require two cuts and the use of a tow-haulage unit to extract the first cut.
During periods when the main chamber is closed for maintenance/repair, lock masters
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implement n-up/n-down lockage policies and carriers implement a self-help program.
This involves using the towboats in queue to extract the first cut of a two-cut lockage
from the auxiliary chamber in order to speed up the lockage process. The program is
planned in cooperation with the carriers and supervised by the lockmaster.

45 LOCK CAPACITY

Chamber dimensions, vessel fleet characteristics and lock processing time are the
major factors that determine a project’s capacity for annual tonnage throughput. Lock
capacity in this study defined a future vessel fleet on the upper Ohio of all jumbo
barges by 2028 as the Pittsburgh area standard and stumbo barges are being scrapped
and not replaced. Lock capacity is defined as the level of tonnage where the tonnage-
delay curve reaches its vertical asymptote and average tow delay increases without
bound. Lock capacity analysis, developed using the Waterways Analysis Model
(WAM), is more fully discussed in Attachment 2, Capacity Analysis. Despite
sharing identical physical dimensions and similar fleets, the upper Ohio locks show
some variation in capacities based upon differences in lock processing times. They
have the lowest capacities on the Ohio River owing to their smaller size (Table 4-6).
Their auxiliary capacity is far below the existing annual traffic of around 20 million
tons.

TABLE 4-6 — Comparative Mainstem Lock Capacity

(Million Tons)

Project Main Auxiliary Both
Emsworth 42.9 111 48.7
Dashields 48.1 14.3 51.5
Montgomery 43.2 115 50.3
New Cumberland 78.5 44.5 132.9
Pike Island 99.5 47.9 151.2
Hannibal 103.1 52.4 152.1
Willow Island 107.5 54.2 155.1
Belleville 114.6 56.3 167.2
Racine 110.5 54.0 151.1
Byrd 116.3 55.5 151.0
Greenup 113.3 54.3 144.2
Meldahl 116.3 55.5 151.0
Markland 119.0 57.1 160.5
McAlpine 120.0 123.0 225.5
Cannelton 124.0 59.0 162.1
Newburgh 135.6 61.7 169.8
Myers 137.3 63.6 170.6
Smithland 143.4 132.9 264.4
Olmsted* NA NA 274.9

* under construction
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4.6 TRANSPORTATION RATE SAVINGS

The transportation rate savings used in the upper Ohio economic analysis come from a study
conducted by the Tennessee Valley Authority (TVA) under contract with the Navigation
Planning Center (NC) housed in the Huntington District. The study provides a full range of
transportation rates and supplemental costs for a sample of 2004 waterborne commodity
movements which, in total or in part, were routed on the Ohio River Navigation System
(ORS). All computations reflect rates and fees which were in effect in the third quarter 2007
(FY’08). Ofthe 1,552 sample movements, 205 went through Emsworth, Dashields, or
Montgomery (EDM). The EDM movements captured 20.6 million tons of EDM traffic in
2004 — almost 86 percent of upper Ohio traffic.

The sample rate data was used to extrapolate rate savings data to the entire ORB. A full
discussion of this can be found in Attachment 4, Transportation Rate Analysis. Table 4-6
shows a sub-set of the ORB transportation rate savings as applied to the upper Ohio
navigation system. The National Economic Development (NED) savings from waterway
transportation are the basis by which the upper Ohio navigation system is valued and the basis
by which economic justification for re-investment in the system is derived.

TABLE 4-7 — Upper Ohio NED Savings

Average Per-Ton*

Group Commodities Water Rate All-Land Rate NED Saving
1 Coal $ 18.65 $ 24.03 $ 5.37
2 Petroleum Fuel Products $ 16.87 $ 5451 $ 37.64
3 Aggregates $ 8.46 $ 15.56 $ 7.10
4 Food and Processed Food Products  $ 23.74 $ 52.27 $ 28.53
5 Chemicals $ 40.48 $ 94.90 $ 54.42
6 Non-Metallic Minerals $ 33.08 $ 49.47 $ 16.39
7 Ferrous Ores, 1&S Products $ 37.67 $ 69.96 $ 32.29
8 Manufactured Goods $ 20.52 $ 55.15 $ 34.63

AVERAGE ALL COMMODITIES $ 18.88 $ 28.75 $ 9.87

* All rates and rate differentials are weighted averages.
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Section 5. HISTORIC AND PROJECTED UPPER OHIO
TRAFFIC

5.1 GENERAL

This section discusses historic, existing and projected future traffic in the EDM reach, here
defined as the Upper Ohio river segment extending from the confluence of the Allegheny and
Monongahela rivers at Pittsburgh (the point) to the Montgomery Locks and Dam at river mile
31.7. This river reach comprises the mainstem navigation pools created by the Emsworth
(mile 6.2), Dashields (mile 13.3) and Montgomery (mile 31.7) locks and dams, and is located
entirely within the Pittsburgh Metropolitan Statistical Area. Historic developments that
influenced the growth of traffic in this river reach are discussed. The methodology used in
projecting future traffic demands is summarized along with the projection results. A more
detailed discussion of the traffic demand forecasts used in this analysis can be found in
Attachment 3.

5.2 EXISTING TRAFFIC

Commodity traffic in 2006 by major commodity group in the EDM reach along with data for
Emsworth, Dashields, Montgomery, the Ohio River and the overall Ohio River System is
shown in Table 5-1.

TABLE 5-1 — Commodity Traffic for EDM, the Ohio River and the ORS, 2006
(Thousand Tons)

EDM Ohio

Emsworth Dashields Montgomery Reach River ORS
Coal & Coke 16,368 16,368 15,799 18,173 130,005 150,988
Petroleum Fuels 260 249 332 427 12,150 12,311
Crude Petroleum 7 7 7 7 625 647
Aggregates 1,308 1,404 582 2,420 39,900 44,886
Grains 0 0 0 0 11,464 11,562
Chemicals 660 671 824 824 9,597 10,641
Ores & Minerals 486 527 909 977 9,011 9,033
Iron & Steel 733 762 1,005 1,005 13,872 14,583
All Other 743 751 966 967 15,038 16,074
Total 20,564 20,738 20,425 24,801 241,662 270,726
SOURCE: COE Waterborne Commerce Statistics
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In 2006, about 24.8 million tons of commodity traffic moved in the EDM reach, accounting
for about 10.3 percent of traffic on the Ohio River and about 9.2 percent of traffic on the
overall ORS. Emsworth, Dashields and Montgomery locks each handled a little in excess of
20 million tons of traffic, representing around 83 percent of Upper Ohio tonnage. Tonnage
densities on the Upper Ohio are about evenly distributed throughout the river reach.
Typically, about 85 percent of the traffic that actually locks through projects on the Upper
Ohio is shared traffic among the three projects

The leading commodity group on the Upper Ohio in 2006 was coal, accounting for about 74
percent of total traffic. Aggregates was next in importance (10 percent), followed by iron
and steel (4 percent), ores and minerals (4 percent), chemicals (3 percent) and petroleum fuels
(2 percent). Collectively these six commodity groups accounted for more than 96 percent of
traffic on the system. The bulk of the remaining tonnage on the Upper Ohio, classified as all
other, was made up largely of lubricating oils and greases, asphalt, fabricated metal products,
cement and lime.

5.3 HISTORIC TRAFFIC DEVELOPMENT
5.3.1 Historic Growth Factors.

Because of its traditional dominance in the area’s economy, developments in the regional
steel industry have been some of the most important factors affecting volumes and patterns of
commodity traffic on the Upper Ohio River. A more recent factor has been the effect of
environmental regulations on coal-fired electric utility plants. The lack of clear traffic growth
trends since the 1950s is explained largely by the cyclical nature of the steel industry and its
traditional dominance of the regional economy. The history of the steel industry is key to
understanding the factors that have traditionally driven traffic growth/development on the
Upper Ohio. More recent developments have produced some important changes that have
reduced the dominance of the steel industry in the regional economy.

During the 1950s, the U.S. produced nearly half of the world’s raw steel. Steel plants in the
Monongahela Valley accounted for about one quarter of the nation’s raw steel output and
Pittsburgh was regarded as the center of U.S. production. Steel companies were vertically
integrated, which meant that they not only produced steel, but also owned and controlled the
raw material inputs, including the metallurgical coal reserves in the Monongahela, Kanawha
and Big Sandy river basins. Captive metallurgical coal mines in these regions produced
exclusively for the Pittsburgh area coking operations. Since the steel industry is a major
consumer of electricity, even the region’s steam coal demands were driven by the steel
industry. River traffic volumes and flows were determined by the state of the region’s steel
industry.

After the 1950s, U.S. dominance in world steel production began to diminish to the extent that

by 1970, U.S. production accounted for only about one fifth of world production. In the late
1970s and early 1980s, the integrated arm of the U.S. steel industry began a re-structuring
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process that resulted in the closure or consolidation of numerous obsolete and unprofitable
plants. Despite intermittent periods of recovery and high demand, consolidation in the
industry is a trend that persists to the present day. Eventually, U.S. raw steelmaking capacity
was reduced from 160 million tons in 1977 to a level of about 112 million tons in 2006, at
which point the U.S. was only the third-ranking steel producer, behind China and Japan.
Overall industry employment was reduced from 452,000 in 1977 to 122,000 in 2006.

The decline in the U.S. integrated steel industry came about as a result of a long-term decline
in domestic steel demand, increased import competition, intense intra-industry competition,
and an increasingly non-competitive cost structure. The decline in steel demand is explained
by increasing substitution of other materials (i.e. plastics and aluminum), the use of lighter-
gauge steel and the decline in the rate of infrastructure construction. Direct steel imports, to
say nothing of indirect steel imports in the form of appliances, machinery, and so forth, have
risen from less than 3 percent of U.S. steel consumption in 1958 to more than one-third in
2006. Steel minimills, which relied mostly on scrap to produce steel in electric arc furnaces,
have provided intense intra-indusry competition for integrated producers, rising from two
percent of domestic output in 1960 to 43 percent in 2006. High labor costs, as well as a
reluctance to adopt new technologies left the integrated sector at a competitive disadvantage
both domestically and internationally.

The Pittsburgh area was severely impacted by industry restructuring in the integrated steel
sector as companies closed and downsized facilities. In an effort to reduce the cost of
transporting raw materials and finished products, integrated companies concentrated their
operations in the Great Lakes region, closer to their primary source of iron ore and to their
biggest customers - chiefly the motor vehicle and heavy equipment industries. As a result,
the bulk of plant closings occurred in Ohio, Indiana and Pennsylvania, particularly the
Pittsburgh area. Between 1982 and 1987, all or parts of 11 integrated steel plants in the
Pittsburgh area, as well as some associated coking facilities, were closed. Other related
sectors were affected as well, including steel industry suppliers and downstream basic steel
recipients. Major waterborne coal movements that served area coking facilities were
curtailed. Effects to the regional economy were both widespread and long-lasting, and led to
an eventual re-structuring away from steel manufacturing to more of a service-based
economy. Currently, only one integrated steel plant remains in operation in the Pittsburgh
area, the J. Edgar Thompson Works in Braddock, Pennsylvania.

Restructuring in the industry, had a number of other important effects. As an additional cost-
saving measure, major steel companies largely divested themselves of coal mines. Coal
producers, no longer captive to steel companies, began to diversify into other markets,
specifically the utility and export markets. With the closure of steel plants in the Pittsburgh
area especially, electric utilities were left with excess generating capacity, since the steel
plants were major customers. Coincidentally, baseload nuclear capacity came on line in the
area, effectively reducing steam coal demands.

Besides the issues surrounding the integrated steel industry, the evolution of the
environmental regulations governing electric power plant emissions has had a sizeable impact
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on Upper Ohio traffic. In the 1970s and 1980s, as the environmental regulations were
developing, electric utilities began to favor low-sulfur coals, particularly Central Appalachian
coals, either solely or in blends with higher sulfur coals, to meet their emission reduction
targets. Since coal sources along the Upper Ohio and in the Monongahela Valley are
generally high sulfur sources, this produced sizeable upbound traffic through the EDM reach
to meet the needs of electric utilities on the Monongahela and Allegheny rivers. With the
implementation of increasingly stringent environmental regulations, the widespread
installation of scrubbers at electric utility plants and the gradual depletion of low sulfur
Central Appalachian coals, the higher sulfur Northern Appalachian coals are increasingly in
demand. This has produced increased downbound coal traffic through the EDM reach to meet
the needs of scrubbed facilities, especially in the Middle and Lower Ohio valleys.

5.3.2 Historic Commodity Traffic

Table 5-2 shows annual commodity traffic at the Emsworth, Dashields and Montgomery
projects compared to the Ohio River and the overall Ohio River System for the period 1970-
2006. A similar time series for the Upper Ohio River segment is unavailable. Traditionally,
the EDM reach has served as a conduit linking upstream producers with downstream
consumers or downstream producers with upstream consumers. Most of the traffic utilizing
this waterway segment is through traffic (two thirds in 2006) and 85 percent or more of the
traffic through the Emsworth, Dashields and Montgomery locks is typically shared traffic.

Because so much of the traffic at the Upper Ohio locks is shared traffic, there exist many
similarities at the locks in terms of overall traffic volumes and traffic patterns. Traffic
through the Emsworth facility has ranged between 14.7 (1983) and 25.6 (1973) million tons.
Traffic through Dashields has varied between 15.0 (1983) and 24.7 (2002) million tons, while
traffic through Montgomery has ranged between and 16.0 (1983) and 28.3 (1993) million
tons. Interestingly, the low-volume year (1983) at each facility coincides with the severe
downturn in the region’s (and nation’s) steel industry. Clear trends in waterway traffic on the
Upper Ohio are difficult to discern from the data in Table 5-2. Commodity traffic in this
river reach has tended to mirror the cyclical nature of the region’s steel industry. This stands
in clear contrast to the relatively robust traffic growth on the Ohio River (1.7 percent) and the
ORS (1.4 percent) over the 1970-2006 period.

Changes in Upper Ohio commodity traffic by major commodity group for selected years
between 1990 and 2006 are displayed in Table 5-3. Although traffic volumes have
fluctuated over the 16-year period, the 2006 traffic level in the EDM reach actually
represented a decrease of about 2.7 million tons from 1990, diminishing from 27.4 to 24.8
million tons. The 2006 traffic levels represented an increase for four of the
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TABLE 5-2 — Historic Traffic at EDM, the Ohio River and the ORS

(Million Tons)

Year Emsworth Dashields Montgomery Ohio River ORS
1970 19.6 20.2 17.4 129.6 163.9
1971 22.5 19.7 215 1334 163.9
1972 23.7 21.9 21.7 138.9 171.7
1973 25.6 23.9 22.9 136.9 168.8
1974 24.7 23.7 22.1 139.3 170.2
1975 22.1 22.3 20.8 140.1 171.4
1976 23.7 24.6 23.4 148.4 178.1
1977 234 24.0 22.3 151.4 178.6
1978 21.8 22.0 21.6 152.6 177.6
1979 23.2 24.1 23.8 165.3 194.8
1980 20.0 21.0 20.4 174.9 200.5
1981 20.4 20.9 22.3 167.6 192.6
1982 16.5 16.8 18.2 150.7 174.0
1983 14.7 15.0 16.0 150.4 171.2
1984 20.3 21.2 22.2 174.7 202.2
1985 17.2 17.9 19.0 177.5 203.9
1986 17.6 18.6 20.1 195.6 223.8
1987 20.4 21.7 23.0 197.2 226.7
1988 19.8 21.1 22.8 192.6 225.9
1989 19.3 20.3 21.5 202.7 238.4
1990 22.4 23.9 25.7 225.7 260.3
1991 194 20.9 225 218.3 248.9
1992 22.7 24.1 26.0 226.4 257.7
1993 23.2 24.3 28.3 227.2 253.1
1994 235 24.6 27.3 236.7 267.0
1995 21.7 23.0 25.3 234.1 263.5
1996 23.5 24.5 27.3 237.7 267.2
1997 23.0 23.9 26.8 239.8 2715
1998 23.3 24.4 26.8 242.0 2745
1999 23.3 24.3 26.4 240.8 274.9
2000 21.9 22.4 25.2 236.5 271.8
2001 215 22.0 25.0 2425 279.9
2002 23.8 24.7 27.3 243.1 279.1
2003 19.8 20.5 22.1 228.8 259.8
2004 18.9 19.6 20.6 239.0 269.9
2005 20.8 21.3 23.0 249.2 280.1
2006 20.6 20.7 204 2415 270.7

Annual

Growth (%)
1970-06 0.1 0.1 0.5 17 14
SOURCE: COE Waterborne Commerce Statistics

commodity groups, including coal and coke, crude petroleum, ores and minerals, and iron and
steel. For five of the commodity groups, specifically petroleum fuels, aggregates, grains,
chemicals and all other, the 2006 traffic level represented a reduction relative to 1990.
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TABLE 5-3 — Historic EDM Reach Traffic by Commodity Group, 1990-2006
(Thousand Tons)

Annual %
1990 1995 2000 2004 2005 2006 Change

Coal & Coke 17,929 19,276 18,770 16,027 19,321 18,173 0.08
Petroleum Fuels 1,955 1,361 781 396 478 427 9.1
Crude Petroleum 1 0 0 0 12 7 12.5
Aggregates 3,614 3,124 3,759 2,932 2,515 2,420 -2.5
Grains 10 8 2 0 0 0 -
Chemicals 1,009 1,030 977 796 773 824 -1.3
Ores & Minerals 616 803 988 1,406 1,161 977 2.9
Iron & Steel 844 1,233 1,201 1,254 1,097 1,005 1.1
All Other 1,492 1,373 1,529 1,153 990 967 -2.7
Total 27,469 28,207 28,007 23,964 26,346 24,801 -0.6
SOURCE: COE Waterborne Commerce Statistics

The coal and coke group, consisting of coal and a relatively small amount of petroleum coke,
has traditionally dominated traffic in the EDM reach, accounting for 65-75 percent of traffic
in the 1990-2006 time period. EDM reach coal and coke traffic serves the electric utility,
metallurgical, industrial and export markets. Most of the coal and coke traffic in the EDM
reach originates on the Monongahela River, with sizeable quantities also originating in the
Middle Ohio, the Upper Ohio and the Kanawha rivers. The largest coal and coke recipients
are the Upper Ohio, the Lower Ohio, the Monongahela and Middle Ohio rivers. The largest
downstream recipients on the Ohio River are scrubbed electric utility plants. On the
upstream side, the largest recipients on the Monongahela and Allegheny rivers are a coking
facility and five electric generating facilities. Over the 1990-2006 period, most of the growth
in receipt of EDM reach coal was accounted for by scrubbed electric utility plants on the
Lower Ohio and the Tennessee and Cumberland rivers.

The petroleum fuels group, consisting of residual fuel oil, distillate fuel oil, gasoline, jet fuel
and kerosene, accounted for only about 2-7 percent of total traffic in the EDM reach over the
1990-2006 period. The principle origin for petroleum fuels traffic in 2006 was the Upper
Ohio, followed by the Middle Ohio and Lower Mississippi rivers. The principal destinations
for petroleum fuels traffic in 2006 were the Upper Ohio and Monongahela rivers. Traffic in
petroleum fuels diminished steadily over the 16-year period, largely because of increased
reliance on pipeline movement in this region.

Crude petroleum movements are rare and quite small in the EDM reach, as they are elsewhere
on the Ohio River System. When they do occur, they are typically movements from small
regional oilfields to regional refineries.

Aggregates traffic in the EDM reach is made up of sand and gravel and crushed limestone
destined for local construction activities, for use a flux stone in metals manufacturing, in
cement manufacturing, and as sorbent material in scrubbers at coal-fired electric power plants.
Aggregates traffic accounted for about 10-13 percent of total traffic in the EDM reach during
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the 1990-2006 period. The principal origins for aggregates traffic in 2006 were the
Monongahela, Upper Ohio and Allegheny rivers. Origins for sand and gravel were frequently
dredging sites. The principal destinations were the Upper Ohio, the Monongahela and
Kanawha rivers. Reduced aggregates traffic in recent years reflects reduced needs for flux
stone in metals manufacturing, as well as a leveling off of heavy construction activity in the
Pittsburgh area .

Grain shipments in the EDM reach, which in the past have consisted of oats, rice, corn,
soybeans and barley, are rare and small in volume when they do occur. No grain traffic
moved in the EDM reach in 2006. Previous waterborne grain shipments moved to
food/animal feed processors and occurred as an alternative to rail shipment. The principal
origins for grains traffic were the Lower Mississippi, the Illinois Waterway and the
Tennessee/Cumberland rivers. The principal destinations were the Allegheny, the Upper
Ohio and the Monongahela rivers.

Chemicals traffic moving in the EDM reach includes movements of sodium hydroxide,
alcohols, benzene and toluene, gum and wood chemicals and fertilizers. Typically, chemicals
traffic comprises 3-4 percent of traffic in the EDM reach. Chemicals traffic transiting the
EDM reach is typically used, directly or indirectly through downstream chemical producers,
in various segments of the steel and glass industries. Another common usage is in fuel
additives. The leading origins for EDM reach chemicals traffic are on the Lower Mississippi,
the Upper Ohio and the Kanawha rivers. The primary destinations are the Upper Ohio, the
Monongahela and the Allegheny rivers.

Ores and minerals traffic in the EDM reach includes movements of salt, gypsum, clay, bauxite
and manganese. Ores and minerals typically account for 2-6 percent of total traffic in this
river reach. The leading origins for ores and minerals traffic are the Gulf Coast, the Upper
Ohio and the Lower Mississippi rivers. The leading destinations for this traffic are the Upper
Ohio and Monongahela rivers. The growth in ores and minerals traffic in recent years is
explained in large part by growth in artificial gypsum moving to wallboard plants.  Artificial
gypsum is a by-product of scrubbing at coal-fired electric generating facilities.

Iron and steel traffic in the EDM reach comprises movements of iron ore, pig iron, various
iron and steel forms, ferroalloys and iron and steel scrap. Iron and steel normally accounts for
about 3-5 percent of total traffic in the EDM reach. Upbound iron and steel traffic through
the EDM reach generally comprises iron ore, scrap and iron and steel forms and alloys
destined for the integrated mills, steel minimills and other steel manufacturers in the
Pittsburgh area. Downstream traffic is generally scrap and iron and steel forms destined for
steel minimills and steel manufacturers inside and outside the ORB. The leading origins for
this traffic are the Monongahela, the Lower Mississippi and Upper Ohio rivers. The primary
destinations are the Gulf Coast and the Lower Ohio and Upper Ohio rivers.

The final category, all other, is made up largely of lubricating oils and greases, asphalt,

fabricated metal products, building cement and lime. These five groups accounted for about
88 percent of all other commodity traffic in 2006. Typically, this group accounts for around
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4-5 percent of total traffic in the EDM reach. The leading origins for all other traffic are the
Lower Mississippi, the Middle Ohio, and the Lower Ohio rivers. The leading destinations for
all other traffic are the Upper Ohio and the Monongahela rivers.

5.4 COMMODITY SHIPPING PATTERNS

Table 5-4 shows Upper Ohio traffic by commodity group and direction of movement in 2006.
Total traffic in the EDM reach in 2006 was about 24.8 million tons, consisting of inbound
(terminating), outbound (originating), internal traffic and through (upbound and downbound)
traffic. Nearly two-thirds of the traffic in the EDM reach was through traffic, with about 15
percent more traffic moving in an upbound direction than downbound (8.5 vs 7.5 million
tons). Also in 2006, about 30 percent of the traffic on the Upper Ohio was inbound to or
outbound from the EDM reach, with inbound traffic exceeding outbound by about 41 percent.
Internal traffic on the Upper Ohio is quite small, consisting of less than 4 percent of total
traffic.

TABLE 5-4 — EDM Reach Traffic by Direction of Movement, 2006
(Thousand Tons)

Thru Traffic

Inbound Outbound Internal Upbound Downbund Total
Coal & Coke 1,399 2,558 361 7,060 6,795 18,173
Petroleum Fuels 189 138 0 66 34 427
Crude Petroleum 0 0 0 7 0 7
Aggregates 1,376 318 534 135 56 2,420
Grains 0 0 0 0 0 0
Chemicals 416 10 0 368 30 824
Ores & Minerals 618 1 68 276 14 977
Iron & Steel 172 163 0 196 475 1,005
All Other 460 21 1 392 94 967
Total 4,631 3,210 964 8,499 7,497 24,801
SOURCE: COE Waterborne Commerce Statistics

Upbound traffic through the Upper Ohio, including both through traffic and traffic originating
on the Upper Ohio, totaled about 10.3 million tons in 2006 and consisted largely of coal and
coke (85 percent), chemicals (4 percent), ores and minerals (3 percent) and iron and steel (2
percent). A large majority of this traffic (78 percent) was destined for utility plants, coking
facilities and other industrial facilities on the Monongahela River.

Downbound traffic through the Upper Ohio, again including both through traffic and traffic
originating on the Upper Ohio, totaled about 9 million tons, consisting primarily of coal and
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coke (89 percent) and iron and steel (7 percent). A very large majority of this traffic
originated at facilities on the Monongahela River. The coal traffic was destined in large part
for scrubbed coal-fired electric generating facilities along the Ohio and tributary streams.
The iron and steel traffic, which was mostly primary iron and steel products, was destined
largely for metals manufacturers in the Ohio Valley.

Upper Ohio traffic was examined in terms of commodity movements between Bureau of
Economic Analysis Economic Areas (EAs). The 2006 shipping and receiving Economic
Areas for traffic using the EDM reach are shown in Table 5-5. Economic Areas are
geographic regions defined by the Bureau of Economic Analysis, U.S. Department of
Commerce. Economic Areas consist of a major city or Metropolitan Statistical Area that
serves as a center for economic activity, and outlying areas that are economically related to
the center. The Economic Areas cited correspond to the 2004 re-definition. The EDM reach
is contained entirely within the Pittsburgh Economic Area (EA 129) as well as the Pittsburgh
Metropolitan Statistical Area (38300).

Upper Ohio traffic moves from/to points as distant as Brownsville (McAllen, TX - EA 104),
on the Gulf Intracoastal Waterway and Minneapolis, on the Upper Mississippi. The data in
Table 5-5, however, indicate that more than half of the tonnage shipments (13.4 million tons)
and nearly three quarters of the tonnage receipts (18.0 million tons) using the Upper Ohio
originated/terminated in the Pittsburgh Economic Area.

Other important origin Economic Areas for Upper Ohio traffic include Charleston, WV (5.2
million tons); Columbus (2.2 million tons); Clarksburg, WV (1.4 million tons); New
Orleans (0.7 million tons); Lafayette, LA (0.5 million tons); and Houston (0.4 million tons).
Other major destination economic areas include Louisville (1.2 million tons); Columbus (0.9
million tons); Clarksburg, WV (0.9 million tons); Nashville (0.8 million tons); Cincinnati
(0.7 million tons); and Charleston, WV (0.7 million tons).

5.5 LOCK TRAFFIC PATTERNS AND COMMONALITY OF TRAFFIC

Detailed listings of the 2006 directional distribution of commodity flows for the Emsworth,
Dashields and Montgomery projects, as well as the overall EDM reach are displayed in Tables
5-6 and 5-7. From the data in Table 5-7, it is apparent that a majority of traffic (55-60
percent) at each of the facilities and on the EDM reach overall was upbound traffic. More
than two-thirds of the upbound traffic was coal originating largely at locations on the
Kanawha and Big Sandy rivers, as well as locations in the mid and upper Ohio River Valley.
Most of this traffic was destined for coal-fired power plants, coking plants and other industrial
facilities on the Monongahela River. Other important upbound traffic would include
aggregates, much of which originates at a dredge site in the Montgomery pool; ores and
minerals; and chemicals. These four commodity groups accounted for about 89 percent of
upbound traffic on the Upper Ohio
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TABLE 5-5 - EDM Reach, Shipments and Receipts by Economic Area, 2006

(Tons)
Shipping/Receiving EA Shipments Receipts

11 Atlanta-Sandy Springs-Gainesville, GA-AL 0 39,311
15 Baton Rouge-Pierre Part, LA 332,271 2,167
16 Beaumont-Port Arthur, TX 41,564 0
19  Birmingham-Hoover-Cullman, AL 1,600 15,850
29  Charleston, WV 5,232,986 670,651
32  Chicago-Naperville-Michigan City, IL-IN-WI 9,944 16,982
33 Cincinnati-Middletown-Wilmington, OH-KY-IN 94,898 748,560
34  Clarksburg, WV + Morgantown, WV 1,353,048 942,236
35  Cleveland-Akron-Elyria, OH 131,659 0
40  Columbus-Marion-Chillicothe, OH 2,204,141 944,497
41  Corpus Christi-Kingsville, TX 3,336 0
54 Evansville, IN-KY 4,134 52,371
59 Fort Smith, AR-OK 0 20,561
75 Houston-Baytown-Huntsville, TX 434,451 135,565
76 Huntsville-Decatur, AL 31,437 0
80 Jackson-Yazoo City, MS 20,052 0
82 Jonesboro, AR 77,549 33,630
88 Knoxville-Sevierville-La Follette, TN 1,553 0
90 Lafayette-Acadiana, LA 468,577 0
91 Lake Charles-Jennings, LA 108,638 0
96 Little Rock-North Little Rock-Pine Bluff, AR 3,975 1,620
98 Louisville-Elizabethtown-Scottsburg, KY-IN 130,082 1,224,443
104 McAllen-Edinburg-Pharr, TX 0 69,150
105 Memphis, TN-MS-AR 7,133 33,001
109 Minneapolis-St. Paul-St. Cloud, MN-WI 0 3,187
112 Mobile-Daphne-Fairhope, AL 4,737 0
116 Nashville-Davidson--Murfreesboro--Columbia, TN 2,303 882,696
117 New Orleans-Metairie-Bogalusa, LA 687,462 199,088
122 Paducah, KY-IL 8,045 473,442
126 Peoria-Canton, IL 3,806 14,319
129 Pittsburgh-New Castle, PA 13,360,933 18,008,796
153 Shreveport-Bossier City-Minden, LA 1,244 0
160 St. Louis-St. Charles-Farmington, MO-IL 37,048 183,050
170 Tulsa-Bartlesville, OK 0 81,035
171 Tupelo, MS 2,477 4,875

TOTALS 24,801,083 24,801,083
SOURCE: COE Waterborne Commerce Statistics
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Downbound traffic on the Upper Ohio in 2006 was dominated by coal (81 percent) destined
largely for scrubbed coal-fired power plants in the upper and mid Ohio Valley. The other
important downbound traffic consists of aggregates, most of which terminates in the
Emsworth and Dashields pools; and iron and steel, which consists of primary iron and steel
and scrap destined for downstream steel product producers, steel service centers and
minimills. These three commodities comprised more than 97 percent of downbound traffic.

TABLE 5-6 — Upper Ohio Traffic by Direction of Movement, 2006
(Thousand Tons)

Emsworth Dashields Montgomery EDM Reach
Upbound Downbound Upbound Downbound Upbound Downbund Upbound Downbound

Coal & Coke 8,929 7,439 8,929 7,439 7,816 7,983 9,187 8,986
Petroleum Fuels 212 48 180 70 255 7 350 77
Crude Petroleum 7 0 7 0 7 0 7 0
Aggregates 667 641 1,221 183 495 86 1,317 1,103
Grains 0 0 0 0 0 0 0 0
Chemicals 622 38 633 38 784 40 784 40
Ores & Minerals 471 15 512 15 894 15 894 83
Iron & Steel 258 475 258 504 368 637 368 637
All Other 644 100 651 100 851 115 853 115
Total 11,809 8,755 12,390 8,348 11,470 8,954 13,759 11,042

SOURCE: COE Waterborne Commerce Statistics

TABLE 5-7 — Upper Ohio Traffic by Direction of Movement, 2006
(Percent)

Emsworth Dashields Montgomery EDM Reach
Upbound Downbound Upbound Downbound Upbound Downbound Upbound Downbound

Coal & Coke 75.6 85.0 721 89.1 68.1 89.2 66.8 81.4
Petroleum Fuels 18 0.5 14 0.8 2.2 0.9 25 0.7
Crude Petroleum 0.1 0.0 0.1 0.0 0.1 0.0 0.0 0.0
Aggregates 5.6 7.3 9.9 2.2 4.3 1.0 9.6 10.0
Grains 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Chemicals 5.3 0.4 5.1 0.4 6.8 0.5 5.7 0.4
Ores & Minerals 4.0 0.2 4.1 0.2 7.8 0.2 6.5 0.8
Iron & Steel 2.2 5.4 2.1 6.0 3.2 7.1 2.7 5.8
All Other 5.4 1.1 5.3 1.2 7.4 1.3 6.2 1.0
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

SOURCE: COE Waterborne Commerce Statistics

Table 5-8 shows the commonality of Emsworth, Dashields and Montgomery traffic with each
other and also with other selected projects on the Ohio River Navigation System for calendar
year 2006. Since the EDM reach is basically a transit area for traffic moving to/from the
Monongahela and Allegheny rivers and the Pittsburgh urban area, a large
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TABLE 5-8 — Commonality of 2006 Traffic With Other Selected Projects

(Percent)
Emsworth Other project Dashields Other project Montgomery Other project
traffic traffic thru traffic traffic thru traffic traffic
Project thru Emsworth thru Dashields thru thru

Emsworth 100% 100% 97% 97% 85% 85%
Dashields 97% 97% 100% 100% 87% 86%
Montgomery 85% 85% 86% 87% 100% 100%
Allegheny L/D 2 5% 56% 5% 56% 3% 35%
Monongahela L/D 2 86% 92% 83% 89% 75% 80%
Monongahela L/D 4 44% 71% 41% 66% 33% 53%
Gray's Landing 9% 40% 7% 29% 3% 12%
Winfield 8% 8% 7% 8% 8% 8%
Marmet 7% 9% 7% 9% 7% 9%
Byrd 55% 20% 55% 20% 62% 22%
Greenup 38% 11% 38% 11% 44% 13%
McAlpine 18% 7% 19% 7% 23% 8%
Myers 17% 5% 18% 5% 22% 6%
Kentucky/Barkley 7% 3% 7% 3% 7% 4%
L/D 52 11% 2% 11% 2% 15% 3%
SOURCE: COE Waterborne Commerce Statistics

majority of the traffic through the EDM projects is shared traffic. Total shared traffic at the
EDM projects is about 17.4 million tons, with 9.9 million tons of shared traffic

moving in an upstream direction and 7.5 million tons moving in a downstream direction.
Moving in a downstream direction, the Emsworth project shares 97 percent of its traffic with
Dashields and 85 percent of its traffic with Montgomery. In the upstream direction, the
Montgomery project shares 87 percent of its traffic with Dashields and 85 percent of its traffic
with Emsworth.

The near absence of internal traffic in the EDM reach means that large volumes of the traffic
also passes through other projects on the inland navigation system. Table 5-8 shows that the
strongest linkage for the EDM projects is to the Monongahela River, with 75-86 percent of
the traffic transiting the EDM projects also transiting Monongahela Lock 2. The EDM
projects also show a strong linkage to the Middle Ohio Valley, with 38-44 percent of the
EDM project traffic also transiting the Greenup locks. Ties to the Tennessee-Cumberland
system are considerably weaker, with only about 7 percent of EDM project traffic also
passing the Kentucky/Barkley projects. The EDM projects show a surprisingly strong link to
the Mississippi River, with 11-15 percent of project-level traffic also moving through Lock
52.

The issue of seasonality in traffic patterns is one that affects many of the inland waterways,

but is not normally one that impacts the Upper Ohio reaches. Table 5-9 shows monthly
tonnages through the Emsworth, Dashields and Montgomery facilities between January 2007
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TABLE 5-9 - Monthly Distribution of Traffic Through the Upper Ohio Projects
(Thousand Tons)

2007 2008 2009

Emsworth Dashields Montgomery Emsworth Dashields Montgomery  Emsworth Dashields Montgomery
Jan 1,517 1,509 1,436 1,748 1,741 1,753 1,693 1,644 1,560
Feb 1,327 1,335 1,264 1,678 1,658 1,494 1,465 1,494 1,539
Mar 1,480 1,486 1,567 1,696 1,658 1,483 1,263 1,228 1,292
Apr 1,535 1,569 1,569 1,832 1,886 1,736 1,294 1,393 1,212
May 1,714 1,905 1,831 1,925 2,010 1,917 1,398 1,441 1,331
Jun 1,564 1,641 1,588 1,912 1,982 1,897 1,501 1,633 1,512
Jul 1,571 1,678 1,573 1,668 1,709 1,702 989 1,079 1,154
Aug 1,720 1,776 1,647 1,962 2,012 1,957 1,490 1,622 1,579
Sep 1,745 1,858 1,642 1,778 1,802 1,687 1,417 1,571 1,478
Oct 1,849 1,989 1,789 1,697 1,810 1,734 823 1,004 1,107
Nov 1,764 1,813 1,758 1,783 1,866 1,800 1,245 1,317 1,435
Dec 1,614 1,611 1,615 1,594 1,655 1,653 1,110 1,107 1,191
SOURCE: LPMS

and December 2009. Navigation throughout the ORS is maintained on a year-round basis
and traffic through the Upper Ohio projects is normally distributed evenly throughout the
year.

5.6 PROJECTED TRAFFIC DEMAND
5.6.1 Introduction

The traffic demand forecasts presented here represent a comprehensive update of previous
forecasts completed in the spring of 2003. New forecasts were prepared for all commodity
groups under three forecast scenarios. Because of the dominance of utility steam coal on the
system and the uncertainties surrounding the regulatory future, greater attention was devoted
to the development of the coal traffic forecasts, in particular the utility steam coal. The
current round of adjustments to the utility coal forecasts was necessitated by existing and
likely future regulatory changes affecting the electric utility industry. Environmental issues
are acknowledged by industry experts to be the dominant issues expected to affect future coal
utilization and sourcing on the part of the electric utilities.

The traffic demand forecasts for the ORS are generally divided between coal and noncoal
commodities. Coal, in this instance, includes all categories of coal and coke, meaning utility
steam coal, coking coal, industrial coal, export coal and petroleum coke. Additionally,
sorbent materials forecasts, which refers to the lime and limestone used in coal
desulfurization, were developed in conjunction with the utility steam coal forecasts, since the
usage of sorbent materials is associated with levels of coal consumption. All remaining
commodities are categorized as noncoal and are forecast separately. The forecasting
approaches used to generate the coal and noncoal forecasts are substantially different.
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5.6.2 Coal Forecasts

It is generally agreed by industry experts that environmental regulations, both at the state and
national levels, currently overwhelm all other issues related to the use of coal by the electric
utilities. Since passage of the Clean Air Act, the electric utility industry has been confronted
with increasingly stringent pollutant emission regulations, initially targeting principally sulfur
dioxide and later focusing on nitrogen oxides, particulates and mercury. New regulations are
now targeting carbon dioxide, presenting another set of unique challenges to the industry.

The evolving environmental regulations have compelled the electric utilities to devote
considerable effort to develop and update internally coordinated compliance strategies.

In order to deal with a broad range of issues affecting electricity generation, particularly the
environmental issues, the current forecasting effort makes use of a linear programming
approach through the use of the Greenmont Energy Model (GEM). The GEM is a detailed
model of the electric utility and coal industries. The GEM was initially developed in 2005 by
Greenmont Energy and has been continually updated since that time. The model has been
used to prepare analyses for coal companies, utilities and government clients. An important
client is the Department of Energy and its various labs. GEM has been used for analyses
dealing with such issues as coal supply; regulatory planning; coal infrastructure; advanced
technologies impact on coal-fired plants; coal/electricity forecasting; hurricane impacts on
the coal and electric utility industries; and integrated gasification combined cycle (IGCC)
competitiveness.

For every year in the specified forecasting horizon the GEM determines the least-cost means
to produce required generation in a market context and within existing and expected future
environmental constraints. The model deals with every unit at every power plant in the U.S.
and Canada. The model forecasts generation requirements by type of generation, meaning
nuclear, gas, coal and so forth, both nationally and regionally.

For coal-fired powerplants, the model determines level of dispatch as well as the least-cost
strategies for the plants to comply with their emission reduction requirements under the
environment regulations. These strategies may include actions such as fuel switching, adding
clean-up equipment or allowance purchasing. For coal-fired power plants, the model
determines the amount, type and sourcing of coal according to 104 separate supply regions.
The model determines, as well, the amount and type of new generation capacity and
retirement of existing units. On the coal supply side, the model determines fob coal mine
prices as well as the amount of economically-justified mining capacity expansion for each
cost level for each type of coal.

The GEM was run for High Case, Mid Case and Low Case scenarios for every year in a 64-
year forecasting horizon. The High Case scenario assumed relatively high long-term
economic growth coupled with low levels of nuclear plant development and high gas prices.
The Mid Case scenario assumed moderate economic growth along with moderate growth in
nuclear plant development. Both the High and Mid Case scenarios assume a reasonable
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evolution of existing environmental regulations relative to the electric utility industry. The
Low Case scenario is founded on relatively low levels of economic growth with high levels of
nuclear plant development. A key driver in the Low Case scenario is the assumption that the
Waxman-Markey bill governing nationwide carbon dioxide emissions is implemented.

Coal consumption and sourcing by coal-fired plants are direct outputs of the GEM. Plant-
level coal consumption and sourcing from GEM were used along with historical waterway
sourcing patterns for utility steam coal from the Waterborne Commerce statistics to develop
projected waterway flows. The sorbent material forecasts are developed based on plant-level
coal consumption by coal type. Sorbent flows were developed using existing and expected
future waterside sorbent material sources. Export coal, industrial coal, coking coal and
industrial coke consumption are forecast separately and treated as inputs to the GEM. These
forecasts were then used to develop indices that were then applied to a composite (2004-2006)
of existing coal and coke movements in these categories.

5.6.3 Noncoal Forecasts

The forecast of noncoal commodities was generated using statistical time series techniques.
For the purposes of this forecasting effort, the annual ORS dock-to-dock traffic data contained
in the Waterborne Commerce Statistics (WCSC) was used. Commodity traffic is defined as
ORS traffic if it uses all or part of the ORS in its routing'’. In this instance a record in the
WCSC data consists of an annual movement of a commodity (five-digit) between an origin
dock and a destination dock by way of a particular waterway routing. In any given year, this
traffic can total 10,000-12000 individual movements. Data for the 26-year period 1980-2006
were made available for this analysis. The data were grouped into 13 distinct commodity
groupings based on common supply and demand characteristics.

As a part of the current forecasting effort, a number of forecasting techniques were considered
and evaluated as to their usefulness. Ultimately, for the purposes of the current forecasting
exercise, Box-Jenkins ARIMA models with additional explanatory variables were pursued
because, given the number of variables to be forecast, the relatively limited numbers of
observations, and the need for very long-run forecasts, these models were considered to be
superior from a theoretical standpoint. Additionally, preliminary examinations using the
Schwartz Information Criteria (SIC), the Akaike Information Criteria (AIC) and adjusted R2
measures to distinguish among the models suggested that this approach generated the best
forecasts.

Within the Box-Jenkins framework, a variety of different approaches and data aggregations
were made in an effort to improve the forecasting results. These included data aggregations
for the entire ORS by commodity group, aggregations for origin-destination pairs by
commodity and by geographic region and aggregations for destinations by commodity and by

17" All ORS traffic enters into the forecasting and system modeling because the modeling assesses the system
effects of navigation improvements anywhere in the system. Since traffic is typically shared among multiple
locks, improvements at one lock can have impacts at other locks as well as net system effects.
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geographic area. The output from this effort was the set of Mid Case traffic demand
projections.

In addition to the Mid Case forecast, Low and High Case scenarios were also developed from
the time series results. The High Case and Low Case forecasts were developed by reference
to the Mid Case. Essentially, the High and Low cases represent modifications of the slope of
the Mid Case forecast using its own standard error. The High and Low cases were developed
by adding or deducting one standard error from the Mid Case result.

5.7 PROJECTION RESULTS
5.7.1 Total Traffic Demand

Total traffic demands for the ORS, the Ohio River main stem and the Upper Ohio reach as
well as Emsworth, Dashields and Montgomery locks are displayed in Tables 5-9 and 5-10 .
Traffic demand is the projected future traffic that could realize a cost savings if navigation
system constraints are not considered. In other words, it is the traffic that could be expected
to materialize in the absence of navigation system constraints. Figures 5-1 - 5-4 show
historical and projected traffic for the Ohio River mainstem and the Upper Ohio projects
under each scenario.

The Ohio River mainstem typically accounts for 85-90 percent of the traffic on the Ohio River
System. Ohio River traffic trends, accordingly, are generally reflective of the overall system.
For the Ohio River, the range in the forecasts for 2030 is between 272.7 million tons in the
Low Case and 346.5 million tons in the High Case. By 2070, the range is between 277.5 and
432.2 million tons for these same scenarios. Annual growth rates for the 2006-2070 period
range between 0.22 and 0.91 percent, compared to the historical (1980-2006) growth rate of
1.25 percent.

Forecast results for the Upper Ohio reach and the individual locks show substantially different
patterns from the Ohio River and the overall system. Because of coal switching and
interactions that arise in different scenarios, the rank ordering of the forecast scenarios at the
locks is not necessarily the same as the Ohio River and ORS ordering in any given year. For
the Upper Ohio reach, the range in the forecasts for 2030 is between 29.0 million tons in the
Mid Case scenario
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TABLE 5-9 — Projected Traffic Demands for the EDM Reach, Ohio River
and ORS, 2006-2070

(Million Tons)
EDM Reach Ohio River ORS
High Base Case Low High Base Case Low High Base Case Low

Actual

1980 NA NA NA 174.9 174.9 174.9 200.5 200.5 200.5

2006 24.8 24.8 24.8 2415 2415 2415 270.7 270.7 270.7
Projected

2010 29.4 275 27.7 259.1 255.6 254.8 286.3 283.6 282.2

2020 321 32.0 34.1 319.4 301.8 279.2 351.5 334.4 300.9

2030 42.1 29.0 38.5 346.5 297.9 272.7 378.9 329.9 289.1

2040 54.8 39.5 36.3 400.0 3275 254.3 436.7 360.2 268.1

2050 57.8 36.9 33.9 430.5 358.1 272.9 470.2 388.7 291.7

2060 54.7 38.3 32.2 434.3 381.1 283.7 479.4 413.3 298.8

2070 724 30.3 31.0 432.2 397.9 2775 485.1 429.2 291.6
Annual Growth

1990-06 - - - 1.25 1.25 1.25 1.16 1.16 1.16

2006-70 1.69 0.32 0.35 0.91 0.78 0.22 0.92 0.72 0.12
SOURCE: COE Waterborne Commerce Statistics; Planning Center for Expertise in Inland Navigation.

TABLE 5-10 — Projected Traffic Demands for EDM, 2006- 2070

(Million Tons)
Emsworth Dashields Montgomery
High Base Case Low High Base Case Low High Base Case Low

Actual

1980 20.0 20.0 20.0 21.0 21.0 21.0 20.4 20.4 204

2006 20.6 20.6 20.6 20.7 20.7 20.7 20.4 20.4 20.4
Projected

2010 24.4 22.7 229 24.9 23.2 23.4 25.8 24.1 243

2020 25.6 24.6 26.8 26.3 25.2 27.4 28.1 28.1 30.5

2030 34.9 221 30.1 35.6 22.9 30.7 37.9 24.8 34.7

2040 45.2 31.2 27.3 46.0 32.0 28.1 50.2 34.9 32.0

2050 47.5 29.3 23.8 48.4 30.1 24.6 52.7 32.1 29.2

2060 43.3 29.9 225 44.4 30.9 23.4 49.3 33.1 27.1

2070 60.7 21.9 21.2 61.8 23.0 22.2 66.6 24.7 25.6
Annual Growth

1980-06 0.11 0.11 0.11 -0.06 -0.06 -0.06 0.00 0.00 0.00

2006-70 1.70 0.10 0.05 1.72 0.16 0.11 1.86 0.30 0.35
SOURCE: COE Waterborne Commerce Statistics; Planning Center for Expertise in Inland Navigation
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FIGURE 5-1
Ohio River Traffic Forecasts
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FIGURE 5-2
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FIGURE 5-3
Dashields Traffic Forecast
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FIGURE 5-4
Montgomery Traffic Forecasts
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and 42.1 million tons in the High Case. By 2070, the range is between 30.3 million tons in
the Mid Case and 72.4 million in the High Case. Annual growth rates for the 2006-2070
period range between 0.32 and 1.69 percent.

Given the level of commonality of traffic among the Emsworth, Dashields and Montgomery
locks, the forecast patterns for the individual locks is largely similar to that of the Upper Ohio
reach. It should be noted that historic traffic trends at the Upper Ohio projects are essentially
flat, while the forecasts call for some level of mid-term growth (relative to the base year) in
every forecast scenario. This is supported, in part, by DOE’s outlook for Northern
Appalachian coal production. Since the early 1970s, coal output in the Northern Appalachian
producing region has been disadvantaged by the requirements of the Clean Air Act, given that
coal from this region is generally in the medium-to-high sulfur range. As scrubbing becomes
more and more widespread and as Central Appalachian low sulfur resources continue to
diminish, DOE forecasts an increase in North Appalachian coal production amounting to
about 1.5 percent per year between 2006 and 2030.

5.7.2 Traffic Demands by Commodity Group

Traffic demands by commodity group for the Upper Ohio reach along with Emsworth,
Dashields and Montgomery locks are displayed in Tables 5-11 and 5-12. Coal continues to
be a major component of traffic on the Upper Ohio as well as on the Ohio River and ORS.
Coal traffic in 2006 totaled 18.2 million tons. The 2070 forecast for the Upper Ohio ranges
between 57.7 million tons in the High Case and 17.8 million tons in the Low Case. These
traffic levels represent annual growth ranges between 1.82 and —0.03 percent relative to 2006.
Also over the 2006-2070 timeframe, coal traffic increases as a share of total traffic under the
High Case scenario, but diminishes under the Low Case. Under the High Case, coal traffic
increases from 73 percent of total traffic in 2006 to about 80 percent, while under the Low
Case it diminishes to about 58 percent. The key driver in the High Case is the relatively low
level of nuclear development, while in the Low Case it is the carbon dioxide emissions
limitations.

The forecast for petroleum fuels on the Upper Ohio reach diminishes under every forecast
scenario, which is likely reflective of the growing reliance on pipeline distribution throughout
the ORB region. The forecast of crude petroleum remains small (>7,000 tons) and
essentially flat under all scenarios. Petroleum fuels traffic in 2006 reached 427,000 tons. The
range in the forecasts for 2070 is between 308,000 tons in the High Case Scenario and
162,000 tons in the Low Case Scenario, representing annual growth rates ranging between -
0.51 and -1.51 percent respectively. Petroleum fuels diminishes as a share of total traffic
under every scenario. In 2006, petroleum fuels was about 1.7 percent of total traffic. By
2070, petroleum fuels’ share of total traffic is 0.4 percent in the High Case and 0.5 percent in
the Low Case.

Aggregates traffic forecasts for the Upper Ohio increase under every scenario, reflecting
expanding infrastructure investment as well as increased usage of limestone in coal
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TABLE 5-11 — Projected Upper Ohio Traffic Demand by

Commodity Group

(Million Tons)
Actual Annual Growth
2006 2010 2020 2030 2040 2050 2060 2070 2006-70
High
Coal & Coke 18173 21417 22959 32330 43822 45532 41222 57650 1.82
Petroleum Fuels 427 375 286 289 291 296 302 308 -0.51
Crude Petroleum 7 6 6 6 6 6 6 6 -0.14
Aggregates 2420 3224 3853 3774 4274 4775 5275 5824 1.38
Grains 0 0 0 0 0 0 0 0 -
Chemicals 898 902 962 1022 1082 1142 1202 1262 0.53
Ores & Minerals 977 1243 1449 1654 1860 2065 2271 2477 1.46
Iron & Steel 1005 1229 1598 1967 2336 2705 3074 3443 1.94
All Other 894 963 970 1070 1147 1242 1359 1466 0.78
Total 24800 29359 32083 42112 54819 57763 54711 72435 1.69
Base Case
Coal & Coke 18173 20010 23336 19678 29033 25303 25472 16317 -0.17
Petroleum Fuels 427 342 268 259 254 249 244 239 -0.90
Crude Petroleum 7 6 6 6 6 6 6 6 -0.14
Aggregates 2420 2951 3550 3634 4075 4556 5126 5697 1.35
Grains 0 0 0 0 0 0 0 0 -
Chemicals 898 898 944 990 1036 1082 1127 1173 0.42
Ores & Minerals 977 1234 1408 1582 1756 1930 2104 2278 1.33
Iron & Steel 1005 1223 1571 1918 2266 2614 2962 3309 1.88
All Other 894 884 896 959 1026 1114 1213 1322 0.61
Total 24800 27548 31979 29027 39452 36853 38255 30342 0.32
Low
Coal & Coke 18173 20020 25744 29666 26408 22916 20102 17803 -0.03
Petroleum Fuels 427 275 247 228 210 192 175 162 -1.51
Crude Petroleum 7 6 6 6 6 6 6 6 -0.14
Aggregates 2420 3211 3453 3462 3910 4457 5005 5552 1.31
Grains 0 0 0 0 0 0 0 0 -
Chemicals 898 894 924 955 986 1017 1048 1079 0.29
Ores & Minerals 977 1222 1358 1494 1629 1765 1901 2036 1.15
Iron & Steel 1005 1215 1538 1861 2184 2506 2829 3152 1.80
All Other 894 877 830 860 918 1008 1099 1190 0.45
Total 24800 27720 34100 38532 36250 33868 32165 30980 0.35

SOURCE: COE Waterborne Commerce Statistics;

Planning Center for Expertise in Inland Navigation

desulfurization. A total of 2.4 million tons of aggregates moved on the Upper Ohio reach in
2006. The 2070 forecasts range between 5.8 million tons in the High Case and 5.5 million
tons in the Low Case. Annual growth rates are between 1.38 and 1.31 percent, respectively.
Aggregates diminishes as a share of total traffic in the High Case, but increases in the Low
Case. In 2006, aggregates traffic was about 9.8 percent of total traffic. In 2070, aggregates

accounts for between 8.0 (High Case) and 17.9 (Low Case) percent of total traffic.

In the past, grains movements on the Upper Ohio reach have been occasional and quite small
in volume. Accordingly, no grains traffic is forecast for the Upper Ohio reach under any of

the forecast scenarios.
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TABLE 5-12 — Projected EDM Traffic Demand by
Commodity Group, 2006-2070

(Million Tons)
Actual 2030 2070 Annual Growth (%), 2006-70
2006 High Base Case Low High Base Case Low High Base Low
Emsworth:
Coal & Coke 16,368 29,618 17,178 25,436 53,138 14,748 14,495 1.86 -0.16 -0.19
Petroleum Fuels 205 69 66 63 107 99 90 -1.02 -1.12 -1.27
Crude Petroleum 7 6 6 6 6 6 6 -0.14 -0.14 -0.14
Aggregates 1,308 1,456 1,348 1,210 1,923 1,879 1,829 0.60 0.57 0.53
Grains 0 0 0 0 0 0 0 - - -
Chemicals 731 831 805 776 1,026 954 876 0.53 0.42 0.28
Ores & Minerals 486 829 795 754 1,273 1,180 1,067 1.52 1.40 1.24
Iron & Steel 732 1,368 1,334 1,294 2,395 2,302 2,192 1.87 1.81 1.73
All Other 664 688 594 515 859 760 684 0.40 0.21 0.05
Total 20,501 34,865 22,127 30,056 60,726 21,929 21,241 1.71 0.11 0.06
Dashields:
Coal & Coke 16,368 29,616 17,177 25,435 53,136 14,747 14,493 1.86 -0.16 -0.19
Petroleum Fuels 249 229 206 183 254 202 146 0.03 -0.33 -0.83
Crude Petroleum 7 6 6 6 6 6 6 -0.14 -0.14 -0.14
Aggregates 1,404 1,847 1,734 1,591 2,583 2,525 2,459 0.96 0.92 0.88
Grains 0 0 0 0 0 0 0 - - -
Chemicals 744 848 821 792 1,046 973 894 0.53 0.42 0.29
Ores & Minerals 527 925 886 839 1,412 1,306 1,178 1.55 1.43 1.27
Iron & Steel 761 1,435 1,400 1,358 2,512 2,414 2,299 1.88 1.82 1.74
All Other 677 719 622 541 896 790 705 0.44 0.24 0.06
Total 20,738 35,624 22,852 30,745 61,843 22,963 22,181 1.72 0.16 0.11
Montgomery:
Coal & Coke 15,799 30,848 18,155 28,390 56,142 14,922 16,530 2.00 -0.09 0.07
Petroleum Fuels 332 288 259 228 308 239 162 -0.12 -0.51 -1.12
Crude Petroleum 7 6 6 6 6 6 6 -0.14 -0.14 -0.14
Aggregates 582 1,177 1,114 1,035 1,700 1,661 1,616 1.69 1.65 1.61
Grains 0 0 0 0 0 0 0 - - -
Chemicals 898 1,022 990 955 1,262 1,173 1,079 0.53 0.42 0.29
Ores & Minerals 909 1,497 1,432 1,353 2,248 2,070 1,853 1.42 1.29 1.12
Iron & Steel 1,005 1,960 1,911 1,854 3,430 3,297 3,140 1.94 1.87 1.80
All Other 893 1,069 958 859 1,464 1,320 1,188 0.78 0.61 0.45
Total 20,424 37,868 24,825 34,680 66,559 24,688 25,575 1.86 0.30 0.35
SOURCE: COE Waterborne Commerce Statistics; Planning Center of Expertise in Inland Navigation.

Various types of chemicals transit the EDM reach and are frequently destined for eventual use
in some segment of the steel and glass industries or as fuel additives. Chemicals tonnage
totaled 898,000 tons in 2006. Forecasts for 2070 range between 1.3 million tons in the High
Case and 1.1 million in the Low Case. The resulting annual growth is between 0.53 and 0.29
percent for these same scenarios. As of 2006, chemicals traffic made up around 3.6 percent
of total traffic through the EDM reach. For 2070, the range is between 1.7 (High Case) and
3.5 (Low Case) percent of total traffic.

Ores and minerals on the EDM reach consists principally of salt, gypsum, clay, bauxite and
manganese. In 2006, the group totaled just under 1 million tons. By 2070, the forecasts
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range between 2.5 million tons in the High Case and 2.0 million tons in the Low Case,
representing annual growth rates of 1.46 and 1.15 percent, respectively. In 2006, the ores and
minerals traffic comprised about 3.6 percent of total traffic. By 2070, the range in the
forecasts shows ores and minerals comprising between 3.4 (High Case) and 6.6 (Low Case)
percent of the total.

Traffic in iron and steel in the EDM reach typically consists of iron ore, pig iron, various iron
and steel forms, ferroalloys and iron and steel scrap. Totaling just over 1 million tons in
2006, the range in the forecasts for 2070 is between 3.4 million tons in the High Case and 3.1
million tons in the Low Case. The projected annual growth rates range between 1.94 to 1.80
percent under these scenarios. The 2006 EDM reach iron and steel tonnage was about 4.1
percent of the total, while the forecasts show that iron and steel tonnage will range from 4.8
percent in the High Case to 10.2 percent in the Low Case.

On the EDM reach, the all other category consists largely of lubricating oils and greases,
asphalt, fabricated metal products, building cement and lime. For 2006, traffic in the all
other category totaled 894,000 tons. The forecast for 2070 shows all other traffic ranging
from 1.5 million tons in the High Case to 1.2 million tons in the Low Case, with annual
growth rates ranging from 0.78 to 0.45 percent. All other traffic on the EDM reach in 2006
was about 3.6 percent of the total, while the 2070 forecasts show all other traffic ranging
between 2.0 percent in the High Case and 3.8 percent in the Low Case.

Again, because of the high percentage of shared traffic at EDM, traffic and trends for the
individual locks bear many similarities to the EDM reach.

5.8 SELECTION OF THE MOST LIKELY FUTURE SCENARIO

Utility steam coal traffic dominates the traffic picture on both the ORS and the EDM reach,
accounting for about 47 percent of total 2006 traffic in the first instance and 40 percent in the
second. As a result, future expectations for utility steam coal traffic largely define the most
probable future forecast scenario. In developing the high and low case utility steam coal
forecast scenarios, the contractor modeled a coincidence of factors that would be expected to
produce plausible “best case” and “worst case” forecasts of steam coal consumption and
waterborne coal traffic. For example, in the high case, it is assumed that high economic
growth would coincide with low levels of nuclear plant development and high natural gas
prices. In the low case, it is assumed that low economic growth would coincide with high
levels of nuclear plant development and strict carbon dioxide emission reduction requirements
as outlined in the Waxman-Markey bill. In reality, it is considered unlikely that such factors
would coincide to produce high and low utility coal consumption and waterborne coal traffic.
For this reason, the Mid Case, or alternatively, the “mid-level” forecast scenario for utility
steam coal is considered to be the closest to a “most likely” future scenario. Other categories
of coal and coke were treated similarly to the utility steam coal.

Concerning the noncoal commodities, the time series analysis produced a mid-level forecast
that necessarily captured the long-term historic trend embedded in the commodity traffic data.

73



UPPER OHIO NAVIGATION STUDY PENNSYLVANIA
Draft Feasibility Report

The high and low alternatives were then developed by altering the slopes of the Mid Case
forecasts using the standard error of the estimate. Accordingly, the Mid Case or “mid-level”
forecasts are considered to be the “most likely” future scenarios for the noncoal commodities.

Project economic analyses in Sections 8 and 9 are based largely on the “mid-level” forecast

scenario. Economic analyses based on high and low alternative forecasts are handled as
sensitivity analyses in Section 10.
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Section 6: SYSTEM MODELING, INPUTS,
CALIBRATION AND OUTPUTS

6.1 INTRODUCTION

The decentralized nature of Corps program execution resulted in the early development of
several system models. The first model was developed by the North Central Division for the
[llinois Waterway in the 1960s. In the early 1970s, with more complex studies on the
horizon, a centralized research and development program was initiated within the Office of
the Chief of Engineers called the Inland Navigation Systems Analysis (INSA) Coordination
Group. In the mid-1970s the Waterway Analysis Model (WAM) and the Flotilla Model were
developed'®. The WAM is a tow-level discrete-event simulation model used to estimate lock
performance under a given operating condition, with a defined fleet and for a specific traffic
level. WAM was capable of modeling single, or multiple, navigation projects each with
multiple lock chambers and was also modified in 1993 into a deep-draft version. The Flotilla
Model was developed to calculate with and without-project economic impacts.

In 1977 the Transportation Systems Center of the U.S. Department of Transportation
sponsored the expansion of the Flotilla Model into the Resource Requirements Model and a
Post-Processor program. Additional modifications were made from 1979-80 under the
direction of the CELRH-NC, and a third program, the Marginal Economic Analysis Model,
was added. Collectively, these three programs (Resource Requirements Model, Post-
Processor and the Marginal Economic Analysis Model) were known as the Tow Cost Model
(TCM). Further modifications led to the development of the Equilibrium (EQ) Model in the
mid-1980s, and the Marginal Economic Analysis Model was dropped. Collectively, the TCM
and EQ Model were known as the Tow Cost / Equilibrium (TC/EQ) Models.

In the early-1990s structural reliability analytical techniques advanced, allowing for a more
quantitative assessment of project maintenance requirements and the probability of
unscheduled project closures. In the mid-1990s the TC/EQ Model suite was supplemented
with the inclusion of the Life Cycle Lock Model (LCLM), which was developed to estimate
the expected transportation impacts of unscheduled closures under both the without- and with-
project conditions external to the TC/EQ. During this time period the WAM was also
modified to capture re-scheduling effects observed during historic long-duration closure
events.

In the mid to late-1990s, modernization and expansion of TC/EQ into the ORNIM began as
engineering reliability data multiplied and the need to dynamically link the reliability analysis
(LCLM) with a simultaneous investment optimization algorithm. ORNIM was built by Oak
Ridge National Laboratory (ORNL) in collaboration with CELRH-NC / PCX-IN.

18 These models were developed by Consolidated Analysis Centers (CACI), Inc. in SIMSCRIPT software which was developed
in 1962 to support an Air Force RAND project and gave birth to CACI in 1964.
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From 2005-2009 under the U.S. Army Engineer Institute of Water Resources (IWR)
Navigation Economic Technologies (NETS) program empirically derived demand elasticity’s
were developed and ORNIM was expanded to equilibrate using downward-sloping
movement-level demand curves.

6.2 THE LRD SYSTEM MODEL

Like its predecessors, ORNIM is an annual model which can be described as a spatially
detailed partial equilibrium waterway transportation cost and equilibrium model. While it is
not really designed to estimate the total benefits of a river system, or the benefits the nation
would lose if the river system no longer existed (something like a computable general
equilibrium model would be needed), it is appropriate to estimate the benefits of incremental
improvements to river systems.

6.2.1 Model Development and Structure

Development of a model requires a number of design decisions and technology choices.
ORNIM utilizes a relational database structure which allows flexibility in input and output
structure, eliminating model code changes if analysis resolution (e.g. increasing the number of
towboat classes considered) and / or assumptions change. Input, output, and execution data is
stored in Microsoft Sequel (SQL) Server 2005 database with Microsoft Office 2003. The
model is executed and model results analyzed in twenty C++ and C# executable programs
using thirty dynamic-link libraries (the C++ code represents older original code that has yet to
be converted to C#). The budget optimization feature utilizes CPLEX optimization software
distributed by ILOG.

Simulation models fall into two basic categories: event-based and period-based. In an event-
based model, a set of events that the model is concerned with are defined, and time moves
forward in jumps, as each event takes place. Period-based models divide time into discrete
periods of know length (e.g. years). All calculations are made for a given period, and then
time is advanced to the next period. Both types of approaches have their advantages and
disadvantages. In general, period-based models are easier to formulate and contain simpler
calculations, but the assumptions required about averaging of data may be limiting. ORNIM
is classified as a period-based model running on yearly time increments.

The ORNIM System is composed of three primary modules — the Lock Risk Model (LRM),

the Waterway Supply and Demand Model (WSDM), and the Optimal Investment Module
(Optimization). The general linkage of the model modules are shown in Figure 6.1.
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FIGURE 6.1 - ORNIM Primary Modules
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The LRM Module forecasts structural performance by simulating component-level
engineering reliability data (hazard functions and event-trees) to determine life-cycle repair
costs and service disruptions. The LRM summarizes the probabilities of reliability driven
service disruptions (typically lock closures) for each lock for each component for each year,
which are then used by the WSDM and Optimization modules to estimate expected
transportation impacts resulting from the service disruptions.

The WSDM Module estimates equilibrium waterway traffic levels and transportation costs
given a traffic demand forecast, movement willingness-to-pay, and waterway system
performance characteristics. ORNIM’s major economic assumptions are embedded within
WSDM.

The Optimization Module organizes and analyzes the investment life-cycle benefit and cost
streams and recommends optimally timed investments (what and when).

While there are three primary modules, the model is much more complex. The model

structure is described in Attachment 1, Ohio River Navigation Investment Model
(ORNIM) through nine separable modules.
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6.2.2 Sectoral, Spatial, and Temporal Simplifying Assumptions

As noted, economic models vary in terms of sectoral, spatial, and temporal detail.

Simplifying assumptions are made in empirical models because of data, time, computational,
and resource limitations. The keys in making these simplifying assumptions are to clearly
understand: (1) the theoretical model that serves as a starting point for the analysis; (2) how
the simplifying assumptions deviate from the theoretical model; (3) the reasonableness of the
assumptions as compared to what we know about real-world markets; and (4) the implications
of the assumptions in terms of biasing and/or reducing the accuracy of the model’s results (i.e.
the estimation of WPC benefits). As a result, the fundamental sectoral assumption in the
ORNIM model framework is to analyze inland navigation investments under a spatially-
detailed barge transportation partial-equilibrium framework for reasons discussed in detail in
Attachment 1, Ohio River Navigation Investment Model (ORNIM). The spatial and
temporal detail level in ORNIM is data driven (i.e. user specified) as discussed in the sections
below.

6.2.2.1 Spatial Detail

The spatial detail is defined by the model user through the waterway transportation network,
and through the aggregation level of the commodity groups and barge types. In the model a
commodity origin-destination route and barge type defines the shipment which demands
barge transportation. Spatial detail does not come without a cost. Since each and every
movement (commodity origin-destination barge type) must be equilibrated with every other
movement, each increment of detail increases computational time exponentially.

For the Upper Ohio analysis, the 622 5-digit WCSC commodity codes were aggregated into 9
commodity groups, the 5,928 docks serviced by ORS traffic were aggregated into 171 pick-
up/drop-off nodes (with at least one node in each of the 56 navigation project pools), and the
tens of thousands of unique barges were aggregated into 12 barge types. This results in
17,138 unique commodity origin-destination barge type movements in the model.

6.2.2.2 Temporal Detail

The model does not simulate individual waterway shipments (i.e. tow), but operates off a
movement-level (an aggregation of shipments) cost in discrete time periods. Typically the
model is utilized assuming yearly time periods. While the model’s temporal detail is tied to a
time period, the user can redefine the definition of a time period through the inputs. For
example, instead of running the model as a yearly model over 50 years (i.e. 50-periods), the
inputs could be aggregated to a quarterly level and 200 quarterly periods could be run to
complete a 50-year life-cycle analysis. As with the spatial detail, increased detail
significantly increases the computation time and too much granularity can complicate, if not
invalidate, the theoretical framework (e.g. trip times spanning multiple periods).
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For the Upper Ohio analysis, the model is run as a yearly model. A movement is defined as
the annual volume of shipments for the commodity origin-destination barge type. There are
17,138 unique commodity origin-destination barge type movements defined in the Upper
Ohio analysis, each of which are forecasted by year over the planning period.

6.2.2.3 Inter-Temporal Detail

Each time period in the model is independent of the other time periods, however, there is an
inter-temporal effect interjected into the modeling process through user specification of
infrastructure change and through the engineering reliability data.

Lock performance characteristics can be specified by the user to change through time. This
allows for currently authorized projects (e.g. Olmsted) to come online and change the
waterway system transportation characteristics at the appropriate time. Additionally, the
analysis of the WPC alternatives requires the investment to be timed and the characteristics of
the waterway system transportation to be adjusted accordingly at the correct times.

Lock performance can also change through time probabilistically through reliability. In this
respect, the expected benefits and costs calculated in a given year is dependent upon the
results in the previous years. With increasing service disruption through time, expected
equilibrium traffic levels can decline as expected capacity declines. If, however, the user
desires to model declining demand from increased reliability risk, this must be done through
the forecasted demand input (i.e. a forecasted demand assuming decreased reliability).

6.2.3 Network and Movement Detail

Much of the model’s spatial detail comes through the waterway transportation network
definition. The transportation network not only defines the pick-up/drop-off nodes (171 of
them in the Upper Ohio analysis) but it also defines constraint points in the system
(bottlenecks). These constraint nodes can be any obstruction where vessel queuing can occur
and congestion effects can be felt. While these constraint nodes can be areas such as bends or
one-way channel sections, typically the constraint nodes modeled are the navigation projects.
In the Upper Ohio study analysis 56 navigation projects are modeled.

In order to determine the impact of congestion effects on a movement’s transportation costs
(and ultimately the movement’s equilibrium and surplus), the movement’s trip time needs to
be estimated. Distances between each model node (both pickup / drop-off nodes and the
constraint nodes) are defined through the input data. Additionally, data on current speeds,
channel depths, and equipment drag are input and utilized by a speed function (see
Attachment 1, Ohio River Navigation Investment Model (ORNIM), ADDENDUM 1B)
and combined with the trip distance to estimate line-haul trip time. Estimating the trip time at
the constraint points is a different story.
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6.2.3.1 Tonnage-Transit Curves

At the constraint points (i.e. locks), the transit times are characterized by a tonnage-transit
curve. This tonnage-transit curve plots an average tow transit time against annual tonnage at
the lock. The transit time not only includes the processing time to transfer to the next pool,
but it also includes delay time from queuing resulting from the congestion effect. As
utilization of the lock increases, the delay exponentially increases once persistent queuing
starts.

Given a traffic level at the project, the average transit time is pulled from the tonnage-transit
curve and applied to each movement transiting the project. All projects transited are polled
for transit times along each movement’s route and added to the movement’s line-haul time to
determine the movement’s total transportation time.

The tonnage-transit curves are externally derived (typically through vessel-level simulation)
and input into the model. Additional detail on the tonnage-transit curve development can be
found in the Attachment 2, Capacity Analysis.

6.2.3.2 Movement Shipping-Plans

Congestion in the waterway transportation system does not affect all movements equally. In
order to determine the impact of congestion effects on a movement’s transportation costs, the
shipping costs and characteristics of that movement must be known. The shipment
characteristics are referred to as the “shipping plan”. A shipping plan is needed for each of
the 17,138 commodity origin-destination barge type movements in the model.

The shipping-plan drives the shipping cost and is stored in dollars per hour per ton. The
shipping-plan includes specification of the shipment tow-size, the towboat class used, empty
backhaul requirements, re-fleeting points, and tons per trip. Given the movement tonnage and
the trip time, a movement cost can be calculated and then compared against the movement’s
willingness-to-pay.

The shipping plans could be specified by the user and given to the model through input;
however, this data is not readily available and difficult to compile for large systems. Instead,
the model develops a least-cost shipping plan for each movement which is then calibrated
against observed data. This shipping-plan developer also allows re-specification of shipping-
plans under increased congestion and for what-if scenarios (e.g. 1200’ main chambers instead
of existing 600’ main chambers). Additional detail on the development of the movement
shipping-plans can be found in Attachment 1, Ohio River Navigation Investment Model
(ORNIM), ADDENDUM 1B.

6.2.3.3 Movement Level Willingness-to-Pay

Willingness-to-pay for barge transportation is needed to determine the equilibrium traffic
level and to calculate the waterway transportation surplus (benefit). As discussed, the
willingness-to-pay can be defined as either inelastic or elastic. The model allows either
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specification on a movement to movement basis. For the Upper Ohio analysis, all movements
modeled were assigned a demand curve based on a study of demand elasticity on the Ohio
River system'®. Additional detail on the development of the movement demand curves can be
found in Attachment 1, Ohio River Navigation Investment Model (ORNIM),
ADDENDUM 1C Ohio River System Willingness-to-Pay for Barge Transportation.

When utilizing an elastic demand curve, an additional analysis setting/assumption must be
specified; whether or not to allow the demand curve to be extrapolated beyond the forecasted
demand point. The model can be run under either setting/assumption. The extrapolated
demand curves are unbounded and problematic given their propensity to asymptotically
approach the x-axis (i.e. infinite tonnage). Typically (and in this Upper Ohio analysis), the
elastic demand curves are capped at the forecasted barge transportation demand.

6.3 MODEL INPUTS

The model inputs are described in the five attachments of this appendix with the engineering
reliability data defined in the Engineering Appendix.

6.4 MODEL CALIBRATION AND VALIDATION

ORNIM, like any model, requires validation that it is capable of replicating observed shipper
behavior and system operating characteristics. Waterborne Commerce Statistics Center
(WCSC) data provides annual origin-to-destination barge flows by commodity; however,
information on tow-size, towboat utilization, and empty return characteristics is not available
for individual movements. These characteristics are recorded by the Lock Performance
Monitoring System (LPMS) at each of the locks. LPMS data provides vessel fleet
characteristics.

To determine movement equilibrium, and ultimately system equilibrium, movement shipping
plans and the shipping plan cost characteristics must be known. WSDM not only contains
movement equilibrium logic, but it also contains algorithms to determine the movement’s
least-cost shipping-plan. Given transportation constraint parameters, the model essentially
creates and costs all allowable movement shipping plans and selects the least-cost shipping-
plan for each movement. This process however, requires calibration.

ORNIM was calibrated to an average value of 2004-2006 LPMS data for the upper Ohio
application. Calibration is a sequential process involving several iterative steps. At each step,
certain static components of the model’s waterway system towing and operating
characteristics are adjusted or fine-tuned, the model is exercised, and specific results are
compared with corresponding target values from LPMS data for the designated baseline or
calibration year. The calibration process is designed to ensure that the relevant measures

19 Kennith Train and Wesley W. Wilson, “The Demand for Transportation in the Ohio River Basin”, supported by the Navigation
technologies Program. August 2008.
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match their corresponding target values as well as possible. A detailed discussion of the
shipping plan cost calculation and shipping-plan selection can be found in Attachment 1,
Ohio River Navigation Investment Model (ORNIM), ADDENDUM 1B ORNIM
Calibration. A summary of the calibration targets is shown in Error! Reference source not
found..

TABLE 6-1 - Calibration Results

Tonnage Number of Loaded Barges Number of Empty Barges Number of Tow: Towboat Class Average HP
Navigation WCSC Model Pct. wcsc Model Pct. |Estimated| Model Pct. |Estimated| Model Pct. Model Pct.
Lock Project Input * Output Diff. Input * Output Diff. | Target ** | Output Diff. | Target *** [ Output Diff. | LPMS ** [ Output Diff.
OHIO RIVER
LOCK & DAM 53 (OHIO) 81,613,688| 81,613,688| 0.0% 49,738 49,738| 0.0% 21,360 21,363| 0.0% 6,574 6,862| -4.4% 4,204 4,150 1.3%
_ LOCK & DAM 52 (OHIO) | 95,648,485| 95,648,485 0.0% 58,260| 58,260/ 0.0% |  30,746]  30,749| 0.0% |  9,268| 8,627| 6.9% | 3,728 | 3,700 | 0.8%
SMITHLANDL/D 82,477,322| 82,477,322| 0.0% | 49,815  49,815| 0.0% | 25634 25636 0.0% |  7,270|  7,229| 0.6% | 4,081 4,028 | 1.3%
MYERS L/D 73,348,924 73,348,924( 0.0% 44,607 44,607| 0.0% 22,015 22,017| 0.0% 5,991 5,994| -0.1% 4,386 4,320 1.5%
NEWBURGH L/D 69,589,809 69,589,809( 0.0% 43,052 43,052| 0.0% 25,096 25,098| 0.0% 6,346 6,290| 0.9% 4,144 4,084 1.4%
CANNELTON L/D 59,143,757 59,143,757| 0.0% 36,733 36,733| 0.0% 18,386 18,388 0.0% 5,162 5,211| -1.0% 4,055 3,974 2.0%
'MCALPINE L/D B 56,701,852 56,701,852| 0.0% |  34,419|  34,419| 0.0% | 15440| 15442| 0.0% | 5275  4,932| 6.5% | 3,952 3,885 | 1.7%
MARKLAND L/D 54,041,630] 54,041,630( 0.0% 32,638 32,638| 0.0% 12,990 12,991| 0.0% 4,791 4,628| 3.4% 4,064 3,964 2.5%
MELDAHL L/D 59,314,186| 59,314,186( 0.0% 34,887 34,887| 0.0% 17,598 17,600| 0.0% 5,030 5,418| -7.7% 3,993 3,862 3.3%
GREENUP L/D 71,566,262 71,566,262| 0.0% 42,377 42,377| 0.0% 25,063 25,065| 0.0% 6,115 6,685| -9.3% 3,892 3,750 3.6%
R.C. BYRD L/D B 60,811,235 60,811,235 0.0% | 37,100 37,100| 0.0% | ~ 17,810|  17,812| 0.0% | 5260 5,380 2.3% | 3,675 3550 | 3.4%
RACINE L&D B 54,801,938 54,801,938 0.0% | 33,621  33,621| 0.0% 17,175  17,177| 0.0% 4,564 4,628/ -1.4% | 3,654 | 3508 | 4.0% |
BELLEVILLE L&D 54,221,170| 54,221,170| 0.0% 33,265 33,265| 0.0% 17,177 17,179| 0.0% 4,412 4,608| -4.5% 3,694 3,536 4.3%
WILLOW ISLAND L&D 51,011,845| 51,011,845| 0.0% 31,413 31,413| 0.0% 16,450 16,452| 0.0% 4,345 4,343( 0.0% 3,643 3,479 4.5%
HANNIBAL L&D B 53,836,241 53,836,241| 0.0% | 33,120 33,120| 0.0% |  18,490|  18,492| 0.0% |  4,773]  4,981|-4.4% | 3,390 3,239 | 4.5%
PIKE ISLAND L&D 40,802,415| 40,802,415| 0.0% 25,773 25,773| 0.0% 17,705 17,707| 0.0% 4,679 4,964 -6.1% 3,137 3,037 3.2%
NEW CUMBERLAND L&D 33,296,680| 33,296,680| 0.0% 21,334 21,334| 0.0% 14,793 14,795| 0.0% | 4,116] 4,120/ -0.1% | 3,054 | 2,972 | 2.7%
'MONTGOMERY L&D 21,829,002 21,829,002| 0.0% |  15,000|  15,000( 0.0% | 8541  8542[ 0.0% | _ 3,953 3,968/ -0.4% | 1,830 1,995 |-9.0%
DASHIELDS L&D 20,923,289 20,923,289( 0.0% 15,387 15,387| 0.0% 9,051 9,052( 0.0% 3,802 3,890( -2.3% 1,803 1,924 -6.7%
EMSWORTH L&D 19,998,867 19,998,867( 0.0% 14,260 14,260 0.0% 8,069 8,070( 0.0% 3,919 3,610( 7.9% 1,784 1,890 -5.9%
MONONGAHELA RIVER
MON LOCK & DAM 2 L&D 18,826,623| 18,826,623( 0.0% 13,447 13,447| 0.0% 7,091 7,113 -0.3% 3,382 3,408| -0.8% 1,786 1,864 -4.4%
MON LOCK & DAM 3 L&D 12,614,903 12,614,903( 0.0% 9,704 9,704( 0.0% 7,400 7,400| 0.0% 5,152 5,184| -0.6% 1,313 1,389 -5.8%
MON LOCK & DAM 4 L&D 10,820,928( 10,820,928( 0.0% 8,455 8,455( 0.0% 7,693 7,693| 0.0% 4,342 4,642 -6.9% 1,244 1,333 -7.1%
MAXWELL L&D B 12,646,794 12,646,794 0.0% | 11,100 11,100] 0.0% | ~ 9,378| = 9,378/ 0.0% |  3,374]  4,065(-20.5%| 1,224 1,203 | -5.6%

* Averaged 2004-2006 WCSC data.

** Averaged 2004-2006 LPMS data.

** Sum of WCSC loaded barges plus estimated empty barges (using averaged 2004-2006 LPMS percent empty) divided by averaged 2004-2006 LPMS
barges per tow.

6.5 MODEL OUTPUTS

System performance statistics generated by ORNIM include life-cycle equilibrium tonnage,
savings, and transit days. These statistics are generated for each alternative for three traffic
forecast scenarios. Sections 7 and 8 describe and summarize system statistics for each of the
maintenance / investment alternatives analyzed. Section 9 presents the recommended
investment plan for the upper Ohio River projects.
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Section 7: THE WITHOUT-PROJECT ANALYSIS

7.1 INTRODUCTION

The without-project condition (WOPC) is that future condition deemed most likely to exist in
the absence of any proposed project(s) or any change in existing authority or public policy.
By regulation, the Corps, as steward of the navigable inland waterways must make best use of
the existing facilities for overall public interest concerns, including economic efficiency,
safety and environmental impacts. Accurate description of the most likely WOPC is
important because it is used as the baseline for comparing benefits, costs and net benefits of
alternative investments.

7.1.1 WOPC Formulation

Formulation of the WOPC begins with the existing EDM locks and dams and their current
performance and structural condition. It involves normal maintenance of the existing system
in the absence of new investment. Any reasonably expected and economically justified
nonstructural measure within Corps authority is assumed implemented at the appropriate time.
The WOPC includes all operational measures which are routinely employed during periods of
congestion. These include the use of helper boats and revised lockage policies to improve
project performance and ensure the best use of the existing facilities during main chamber
closures. The WOPC also includes all authorized improvements that are either under
construction or are pending appropriation. The most likely WOPC will not include any
proactive maintenance requiring a major investment decision, such as replacing a lock wall.

7.1.2 Reliability Assessment

The upper Ohio navigation study is a risk-based evaluation of the major maintenance and
construction re-investment needs for the three upper most navigation locks on the Ohio River.
With existing traffic levels, the upper Ohio locks experience high traffic delays when the main
lock chamber must be closed for routine (scheduled) or emergency (unscheduled) repairs or
accidents. Assessing structural reliability of lock components is critical in the without-project
evaluation because the lock components are becoming increasingly unreliable with age and
usage.

A complete evaluation of maintenance re-investment needs on the upper Ohio is not just
influenced by structural condition but also by expected levels of traffic demand and auxiliary
lock capacity. Engineering reliability modeling was not performed on the navigation dams at
EDM due to recent major rehabilitation work done on each. The reliability analysis focused
on lock components because maintenance closures of these structures adversely affect
commercial navigation.
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7.2 EXISTING CONDITION

As navigation projects age, component reliability worsens and maintenance requirements and
unscheduled closures typically increase. Degradation of lock components can come from
fatigue through utilization and age (e.g. cracking and corrosion). As lock components
degrade, the question arises if and when they should be repaired or replaced.

Development of a WOPC begins with an assessment of existing condition, capacity, and
demand; each a key input to the economic modeling. Lock reliability and capacity, traffic,
and traffic delays are discussed for the upper Ohio projects. Ultimately, a lock’s performance
capability is limited by two factors: 1) physical capacity and ii) structural reliability. The
former is influenced by chamber dimensions, hydraulic conditions, vessel fleet characteristics,
weather conditions, and accident frequencies; while the latter is affected by structural
condition and intensity of maintenance efforts. The capability to process traffic in the face of
traffic demand tests a lock’s performance. Transit time and lock delay are used to measure
lock performance. This section describes the existing condition of the upper Ohio in terms of
project age and reliability, project capacity, and traffic demand and delay.

7.2.1 Project Age and Reliability

Lock performance is affected by lock availability for service. Availability is reduced due to
random minor events like accidents, adverse weather, flow conditions, and maintenance-
related closures. Maintenance-related closures, scheduled or unscheduled, are more likely to
be lengthy closures that more dramatically affect lock performance than the random minor
closure events which are of short duration. Age and level of use can act as an indicator of
maintenance and rehabilitation needs. The locks at Emsworth, Dashields, and Montgomery
are each over 80 years old. The locks were rehabilitated in the 1980s - new miter gates,
culvert valves, and re-facing some of the lock concrete structures. These rehabilitations did
not address all known structural issues. There are still serious concerns regarding the
structural integrity and stability of the concrete structures at these three sites.

7.2.2 Project Capacity

Lock capacity is largely determined by lock chamber dimensions, approach conditions, and
service availability. The upper Ohio projects each have a main chamber measuring 600’ x
110’ and an auxiliary lock measuring 360’ x 56°. They are the lowest capacity locks on the
Ohio River (Table 7-1). Modern fifteen barge tows must double-lock through the main
chambers at EDM, while in the auxiliary chambers tows are limited to 5 barges and can only
be locked through one barge at a time.
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TABLE 7-1 - Ohio River Mainstem Locks Age,
Chamber Dimension and Capacity
2008 Tonnage in Millions

Main Ch. Chamber Dimension Chamber Capacity (mtons) 2008 LPMS
Lock Project Age Main Auxiliary Main Auxiliary Both Tonnage

OHIO RIVER

LOCK & DAM 53 (OHIO)* 30 1200x110 600x110 77.8
LOCK & DAM 52 (OHIO)* 41 1200x110 600x110 89.7
SMITHLAND L/D 31 1200x110 1200x110 143.4 132.9 264.4 77.1
MYERS L/D 35 1200x110 600x110 137.3 63.6 170.6 69.5
NEWBURGH L/D 35 1200x110 600x110 135.6 61.7 169.0 71.2
CANNELTON L/D 39 1200x110 600x110 124.0 59.0 162.1 58.1
MCALPINE L/D 1 1200x110 1200x110 120.0 123.0 225.5 57.3
MARKLAND L/D 51 1200x110 600x110 119.0 57.0 160.5 53.2
MELDAHL L/D 48 1200x110 600x110 116.3 55.5 151.0 54.1
GREENUP L/D 51 1200x110 600x110 113.3 54.3 144.2 59.8
R.C. BYRD L/D 17 1200x110 600x110 116.3 55.5 151.0 52.3
RACINE L&D 43 1200x110 600x110 110.5 54.0 151.1 48.6
BELLEVILLE L&D 42 1200x110 600x110 114.6 56.3 167.2 46.9
WILLOW ISLAND L&D 38 1200x110 600x110 107.5 54.2 155.1 43.8
HANNIBAL L&D 38 1200x110 600x110 103.1 52.4 152.1 45.6
PIKE ISLAND L&D 45 1200x110 600x110 99.5 47.9 151.2 34.6
NEW CUMBERLAND L&D 51 1200x110 600x110 78.5 44.5 132.9 29.2
MONTGOMERY L&D 74| 600x110 360x56 43.2 11.5 50.3 20.8
DASHIELDS L&D 81| 600x110 360x56 48.1 14.3 51.5 21.8
EMSWORTH L&D 89| 600x110 360x56 42.9 11.1 48.7 21.3
MONONGAHELA RIVER

BRADDOCK L&D** 105 720x110 360x56 67.6 19.8
ELIZABETH L&D*** 104 720x84 360x56 15.1
CHARLEROI L&D** 78 720x84 360x56 104.4 14.6
MAXWELL L&D 46 720x84 720x84 77.0 13.2

* scheduled for replacement by Olmsted L/D in 2014

** scheduled for new 800x110 chamber in 2025
*** scheduled for removal in 2025

Four non-structural measures to improve capacity are part of the existing upper Ohio
navigation system and are included in the development of the WOPC. They are: 1) helper-
boats during a main chamber closure; ii) n-up and n-down lockage policy during main
chamber closure; iii) re-scheduling of shipments during a long duration, scheduled main
chamber closure; and iv) the use of a permanent tow haulage unit at the main chamber to
extract the first cut of a two-cut lockage. The use of helper-boats, through an industry self-
help program, effectively maximizes the capacity of the small 360’ x 56’ auxiliaries during a
main chamber closure.”” An n-up and n-down lockage policy, when queues exist in both
directions, also effectively increases capacity during a main chamber closure. These
practices, along with limiting tow sizes to five cuts during a main chamber closure on the
upper Ohio, are reflected in the lock capacities reported in Table 7-1.

Some voluntary re-scheduling and other adjustments by industry occurs because of navigation
notices mailed out six months to one year in advance of the scheduled closure. Industry re-
scheduling during a closure serves to re-distribute tows on either side of the closure. Annual

2% The self-help program at EDM includes a restriction on tow sizes to 5 barges per tow.
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throughput, or capacity is unaffected but average delay-per-tow during the closure is lower
than it would be otherwise.

7.2.3 Traffic and Delays

Auxiliary chamber (360’ x 56”) capacity at EDM ranges between 11 and 14 million tons, well
below the average annual tonnage of around 20 million tons. High delays are experienced at
these projects when main chambers close for maintenance or repair. Delays are a function of
project capacity, fleet utilization, reliability, and traffic. Delays during normal traffic
operations (main chamber open) typically average 30 minutes at upper Ohio locks. But
delays become severe during main chamber closures. Figure 7-1 compares annual traffic
and average tow delays at EDM.

FIGURE 7-1 - Annual Traffic and Average Tow Delays at EDM
(2000-2007)
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7.3 MAINTENANCE AND OPERATIONAL MEASURES

Maintenance and its effect on the performance of aging locks is a key concern to sustainable
navigation. The efficient operation of the existing locks and dams is an important
consideration and this is especially true during times when the main chamber is closed for
maintenance and all traffic is processed through the smaller auxiliary chamber.
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Two different maintenance plans were developed and analyzed for the upper Ohio study.
They include reactive maintenance and advanced maintenance or component replacement.
Due to the poor structural condition of the middle lock walls at EDM, a rehabilitation
maintenance plan was considered infeasible from an engineering standpoint. Rehabilitation
of the middle walls would close both chambers to navigation. Also, advanced maintenance or
component replacements at EDM would likely require an investment decision and surpass the
$10.6 million major rehabilitation threshold. Because of this, advanced maintenance
(component replacement) was not considered in the WOPC. Instead, a component
replacement plan will be considered as a with-project alternative and will be evaluated by
comparison to the WOPC like all other re-investment decisions. In the absence of new
investment, a reactive maintenance plan where components are repaired or replaced “after
they fail” is assumed to be the base maintenance plan for the WOPC and is the standard
against which all other alternatives will be measured. Maintenance and investment costs,
reactive maintenance, and operational measures associated with the WOPC are described in
the following sub-sections.

7.3.1 Lock Maintenance and Investment Costs

Component level reliability evaluations were conducted on the upper Ohio projects to
estimate probable project performance and maintenance requirements from 2012 to 2068. A
detailed discussion of engineering reliability modeling is presented in the Engineering
Appendix.

Reactive maintenance and each alternative investment analyzed contains normal (or routine)
O&M costs, scheduled lock maintenance costs, scheduled dam maintenance costs,
unscheduled lock repair costs, random minor costs, and scheduled lock improvement costs at
each project throughout the study period. All Federal costs are described below:

o Normal O&M or routine operation costs are the annual fixed costs to operate the project
with some incidental maintenance that doesn’t impact traffic or component reliability.
Corps normal O&M policy operates a project as efficiently as possible in the absence of
any repair or maintenance that improves project reliability.*

e Scheduled Maintenance costs are related to periodic chamber inspections that close a
chamber, including some relatively minor maintenance/repair costs. Scheduled
maintenance procedures typically do not address the long-term failure probabilities
(reliability) associated with fatigue/fracture and the end of useful design life and
therefore it is assumed that scheduled maintenance does not have a significant effect on
the overall reliability of the structures*. However, it is noted that scheduled
maintenance does help keep the major features in working order and operating as

2! Normal (or routine) O&M is a fixed-cost to operate the project and includes labor, utilities, mowing the grass,
and basic project supplies.

22 This is mainly due to the fact that we are looking at failure modes that are associated with fatigue and fracture
of critical members (miter gates and valves in particular)
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originally designed. The reliability analysis was carried out for the situation where the
components are no longer cost effective to maintain.

e Scheduled Dam Maintenance costs are attributed to maintenance and rehabilitation of
dam components (dam gates, operating machinery, concrete piers, etc.) This
maintenance is critical to sustainable navigation but does not typically require a lock
chamber closure because the repair fleet can tie up outside the river wall. Reliability
modeling was not performed on dam components at Emsworth and Montgomery. At
Emsworth, both the main and auxiliary channel dams are being repaired as part of an
on-going major rehabilitation, including the stilling basins, gates, and dam abutments.
After these repairs are made, currently scheduled for 2013, no failures of any dam
component are anticipated throughout the analysis period. At Montgomery, a dam
safety study is currently underway and any problems as confirmed by that study should
be effectively repaired early in the study period, thereby reducing the chances of failure
to an acceptably low value. Reliability analysis was conducted for Dashields dam
components. The fixed crest dam section was determined to be reliable throughout the
period of analysis for planning purposes, susceptible only to unforeseen and extremely
unlikely erosive effects below the dam. The dam abutment was determined to be
susceptible to failure but rehabilitation measures were not developed. There are no
scheduled dam maintenance costs at EDM in this analysis.

o Unscheduled Lock Repair costs are estimated from reliability modeling that determines
when to repair or replace major lock components over the year period of analysis.
ORNIM is run to estimate unscheduled repair costs for each maintenance plan.

o Random Minor closures are separated into two categories. These are random minor
closures that require maintenance and those that require no physical repair costs. The
random minor closures with repair costs are intended to reflect lock closures for routine
testing. This is typically for on-site personnel and not the large repair fleet. Random
minor closures without repair costs are for things such as debris in lock, tow
malfunctions, accidents, etc.

o Scheduled Lock Improvement costs include any future investment decisions that
include economically justified individual lock component replacements and lock
replacements. New investment decisions are treated as WPC alternatives and are
compared to the WOPC. Scheduled lock improvements involving future investment
decisions are discussed in Section 8 - Identification and Evaluation of Alternative
Investment Plans.
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7.3.2 Reactive Maintenance

Under reactive maintenance, components are fixed or replaced after they perform
unsatisfactorily. The Engineering team developed reliability models for each of the lock
components displayed in Table 7-2. The reliability models were used to calculate expected
component failures through time, estimate the cost and type of repair required, and determine
whether the failure caused a chamber closure. This information was used by ORNIM to
calculate the unscheduled repair/replace costs and industry costs associated with an
unanticipated lock closure. The reactive maintenance plan as developed in the WOPC, serves
as a baseline against which to compare more proactive maintenance plans and structural
improvement investments.

Under reactive maintenance, normal O&M is performed, along with scheduled periodic
maintenance. Unscheduled lock repair and cost is estimated from the reliability data — hazard
functions and event trees. Repairs to correct the failure are made at the time of failure and not
deferred through a short-term repair. There are no scheduled lock improvements for the upper
Ohio system in reactive maintenance. No lock rehabilitation occurs, though individual
components may be replaced upon failure. There is no scheduled dam maintenance for the
upper Ohio.

TABLE 7-2 - Upper Ohio Lock Components
Reliability Analysis

Emsworth L/D Dashields L/D
Main Auxiliary Main Auxiliary
Gates Gates
Gate Machinery Gate Machinery Gate Machinery Gate Machinery
Hydraulic Hydraulic Hydraulic Hydraulic

Mid Wall Fill Valves [River Fill Valves |Valve Machinery Valve Machinery
Mid Wall MT Valves |River MT Valves

Electrical Electrical Electrical Electrical
Land Wall Land Wall Guard Wall
Guide Wall Guide Wall

Middle Wall Middle Wall Middle Wall Middle Wall

Montgomery L/D

Main Auxiliary
Gates
Gate Machinery Gate Machinery
Hydraulic Hydraulic
Valve Machinery |Valve Machinery
Electrical Electrical
Land Wall River Wall
Middle Wall Middle Wall
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7.3.3 Operational Measures Currently Implemented

During normal operation, with both chambers open, delay is not usually a problem and project
capacity is sufficient to handle traffic efficiently at the upper Ohio projects throughout the 56-
year period of analysis (2012-2068). During normal operation, tows are handled on a first-
come-first-served basis.”> When a main chamber must be closed, tows use the auxiliary
chamber, where at the upper Ohio projects, traffic demand exceeds capacity and delays occur.
During main chamber closures, a number of effective supply-side measures designed to
improve efficiency and reduce delay are currently employed at the locks and are included in
the base-level WOPC analysis. These include lockage sequencing, restricted tow size, and
helper boats. Traffic management measures, such as Notices to Navigation Interests* are
used to reduce lock congestion by providing waterway users advance notice of scheduled
closures. Notices to Navigation Interests allow towing companies and their customers to
reschedule traffic to the extent possible around scheduled main chamber outages. The
operational effect of rescheduling shipments in response to scheduled closures is captured in
future traffic-delay relationships in the analysis through the tonnage-transit curves developed
by the WAM, but the additional costs incurred by shippers to reschedule around a closure are
not included in this analysis. These operational and other measures are discussed below.

7.3.3.1 Notice to Navigation Interests: Industry Coordination

Two years before a scheduled closure, the Corps sends a notice to waterway users announcing
its intent to close a lock and the expected dates of closure. The notice includes anticipated
delays during the closure, expressed as significant or minor, and the operational policies to be
in effect. Around six months before the scheduled closure, the Corps and affected towing
companies meet to finalize procedures for operating during the closure. Even with low levels
of delay expected, special accommodations, such as cut limits, are required because the
auxiliary chambers are typically one-half the size of the main chambers. If major delays are
expected, the announcement will also state that tows have priority in lockage over recreational
craft. This is an effort to provide industry information to better manage traffic during a
scheduled closure.

7.3.3.2 Lockage Sequencing : N-up, N-down Lockage Policy

This strategy (to minimize delays at locks that develop queues) involves locking a given
number (N) of tows in the same direction, then allowing the same number to lock through
from the opposite direction. Lock sequencing takes advantage of the efficiency of proceeding
with several successive “turnback” style lockages rather than running tows through in
alternate directions when queued on either side of the lock. Use of this strategy has been
proven to lower delays over a first-come-first-served policy at virtually zero cost. This is a
supply management measure that has the effect of increasing capacity during closure. Lock

# FIFO — first-in-first-out
* Industry receives Notices to Navigation Interests from the Corps well in advance of a scheduled maintenance
closure.
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sequencing is modeled at all mainstem projects during any main chamber closure and an
optimal n-up/n-down strategy is developed.

Typically, as queues develop above and below a project during a main chamber closure, a 3-
up and 3-down lockage policy is used to most efficiently and equitably pass traffic. The
actual n-up and n-down policy used depends on the queue sizes and is under the discretionary
authority of the lock master.

7.3.3.3 Helper-Boats: Industry Self Help

The use of helper boats complements the n-up/n-down lockage policy. Helper boat operations
are a collaborative effort between industry and the Corps. Due to traffic levels and fleet size,
industry implements a helper boat policy any time a main chamber is closed on the Ohio. The
industry “self help” operation significantly reduces lockage times for multi-cut lockages and
typically works as follows: the last towboat to arrive at a congested project in the direction
opposite of an on-going lockage operation will disconnect from its barges and move up to the
lock, where it serves as a “helper boat” by assisting the tow locking through the project by
extracting un-powered cuts of barges from the lock chamber. It will then move the barges to
a re-fleeting site away from the project so that reconstruction of the tow does not interfere
with lockage operations. Industry self help is provided to each tow until all barges have
moved through the lock. To be effective, the policy requires tows queued in both directions
above and below the project. This is another supply-side measure that enhances capacity
during a closure and is modeled at each mainstem project during a main chamber closure.

7.3.3.4 Tow Haulage Units

Tow haulage units are relatively low-cost pieces of equipment that are used to expedite the
two-cut lockage process at the main chambers on the upper Ohio. There are two principal
types of tow haulage systems: permanent and portable. Permanent units consist of rail tracks
located directly alongside the chamber on top of the walls and a moveable tie-down unit that
moves on the rails. The un-powered barges are tied to the moveable tie-down unit by a cable,
and the unit moves along the rails to pull the barges out of the chamber. Portable systems
consist of two winches that are anchored atop the upstream and downstream guide walls. The
winches “crank” the cable, pulling the barges out of the chamber. The second set of barges,
which are powered by a towboat, can then lock through the chamber unassisted. Upon
completion of the second lockage, the first and second cuts are reconnected along the guide
wall.

Permanent tow-haulage systems are installed at the main chambers of Emsworth, Dashields,
and Montgomery where the main chambers are 600’ in length compared to 1200’ at all other
mainstem projects. Double lockages through these main chambers are a common occurrence
even during normal times. Permanent tow haulage units are not considered appropriate at the
360’ x 56’ auxiliary chambers because these chambers can only lock one barge at a time and
oftentimes (during main chamber closures) tows require two to five cuts. Portable units are
considered sufficient at these small lock chambers.
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7.3.3.5 Industry Adjustments During Main Chamber Closures

The towing industry also makes adjustments during main chamber closures to maintain as
normal a delivery schedule as possible. Industry adjustments include reducing the number of
empty barges, increasing barge loadings, shipping around closures, working off stockpiles, or
shipping by other routings. These adjustments are accounted for in the LPMS data used to
develop the closure related tonnage-transit curves.

7.3.3.6 Other Measures

Other measures intended to reduce commercial lockage delays include real-time lock reports
on the Corps web page. Information contained in the lock reports is updated every few hours
and includes the number of tows waiting in queue and river flow conditions at each facility.
Coordination with industry is conducted on a regular basis, not just during those times prior to
an extended main chamber closure. These low-cost measures have proven useful and are
accepted by the navigation industry.

7.3.4 Operational Measures Not Currently Implemented

Price-related traffic demand management measures (i.e. congestion or lockage fees) are not
currently used at EDM. Demand management measures at EDM will not address the problem
which is condition and insufficient auxiliary capacity.

Using lock scheduling to reduce delays that occur during the normal operation of the upper
Ohio is not currently practiced and has not been evaluated. A preliminary research effort into
the physical practicality and economic feasibility of lock scheduling was conducted during the
Ohio River Mainstem System Study (2006). Its findings were inconclusive and further
funding for this effort has ceased. But again, lock scheduling would not address the
problems at EDM.

7.4 BASE-LEVEL WOPC

Historically, LRD lock improvement studies have assumed unconstrained funding for major
maintenance and major rehabilitation in developing the WOPC. LRD optimized the WOPC
in navigation feasibility studies through a mixture of non-structural and structural measures
like component replacement and chamber rehabilitation not requiring congressional
authorization. The Corps has authority for major rehabilitations and advanced component
replacements but recent history shows the Administration considers some component
replacements and all major rehabilitation to be new starts and the Administration is not
currently budgeting for new starts.

Therefore, for purposes of this analysis, any maintenance beyond fixing-after-failing is

assumed to require an investment decision and is not included in the base-level WOPC.
Proactive maintenance plans involving actions such as component replacement require an
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investment decision and therefore, in this analysis, will be treated as with-project alternatives
along with other structural improvements.

Given recent funding levels and experience elsewhere on the Ohio (Markland and Greenup
lock gate failures), a reactive maintenance future seems most likely. Accordingly, a base-
level reactive maintenance WOPC will serve as the basis to compare more aggressive
maintenance plans and structural improvement alternatives. The use of appropriate non-
structural and operational measures and the assumption of authorized projects in-place are
also part of the base-level WOPC.

The WOPC for the upper Ohio analysis includes the following authorized Ohio River
improvements:

e Olmsted L/D — Olmsted L/D is modeled throughout the period of analysis®. Since this
investment is under construction, no Federal costs are included.

e Myers auxiliary chamber extension — JT Myers auxiliary lock extension is under
construction. JT Myers is included in the WOPC as a twin 1200’ x 110’ project beginning in
2012. Since this investment is under construction, no Federal costs are included.

e Greenup auxiliary chamber extension and main chamber rehabilitation — Greenup is
included in the WOPC as a twin 1200° x 110’ project with a rehabilitated main chamber
beginning in 2012.

7.5 ECONOMICS OF THE WITHOUT-PROJECT CONDITION

The without-project reactive maintenance plan can be described in terms of its Federal costs
and its associated cost impacts on navigation. ORNIM uses engineering reliability data to
predict emergency repair/replacement closures on an average annual basis. These
unscheduled closures reduce system capacity and cause navigation delays that reduce system
transportation savings by increasing waterway costs.

7.5.1 System Costs - Reactive Maintenance

ORNIM was run to estimate expected annual Federal costs to operate and maintain EDM
under a reactive maintenance or fix-as-fails scenario. The average annual expected Federal
cost at EDM from 2012-2068 is $39.4 million. Table 7-3 displays the expected annual
Federal costs at EDM from reactive maintenance broken out into improvement costs,
scheduled repair costs, unscheduled repair costs, random minor maintenance costs and normal
O&M costs. There are no scheduled improvement plans at EDM under the reactive
maintenance scenario. Scheduled repair costs include periodic maintenance inspections.
Unscheduled repair costs utilize engineering reliability data. Random minor costs are taken

% Period of analysis is 2012-2068
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from operations data, and normal O&M is the “fixed” cost of operating the project
independent of the project passing traffic, i.e. overhead.

TABLE 7-3 - Annual Federal Costs at EDM

Reactive Maintenance
(2012-2068, 4 1/8%, Million FY 09%)

Reactive
Federal Costs Maintenance

Scheduled Lock Improvement $

Scheduled Repair $ 8.4
Unscheduled Repair $ 22.2
Normal O&M $ 8.0
Random Minor $ 0.8

Total Costs $ 39.4

The Corps has a legal mandate to provide dependable, safe, and environmentally sustainable
navigation on the Ohio River. In the long run, a reactive maintenance strategy will likely
result in more frequent and longer duration scheduled and unscheduled closures. Such a
maintenance strategy is not likely to provide the dependable, safe and environmentally
sustainable navigation that our stakeholders deserve.

Figure 7-4 displays the average annual Federal costs for a reactive maintenance strategy by
project. Emsworth is the most costly. Scheduled and unscheduled lock repair costs comprise
70 to 80 percent of the total annual Federal cost at these projects and represent potential cost
savings that may be realized with a more proactive maintenance strategy.
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FIGURE 7-4 - Average Annual Federal Costs - EDM
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7.5.2 System Benefits - Reactive Maintenance

The primary benefit for Federal investment in the inland waterways is the collective
transportation savings for barge shipment over the least-costly alternative routing. The
benefit is referred to as the transportation surplus. Corps regulations recognize transportation
savings or cost reduction as a national economic development (NED) benefit. NED benefits
are calculated from equilibrium waterway traffic transportation savings net of any reduced

transportation savings from congestion or delay due to scheduled or unscheduled repair
closures.

Figure 7-5 displays upper Ohio NED waterway transportation savings for the reactive
maintenance strategy. Annual savings are $249.6 million — using a 4.125 percent interest rate
and a 2018 base year.
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FIGURE 7-5 - NED Waterway Benefits — EDM
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7.5.3 System Economics — Reactive Maintenance

Table 7-4 summarizes average annual system waterway benefits and costs for a reactive
maintenance strategy at EDM for the mid-forecast scenario. Total system benefits are
equilibrium waterway transportation surplus net of any transportation losses from
unscheduled repair closures and external costs of diverted traffic. Waterway transportation
surplus is the consumer surplus (savings) realized by shippers under the normal operation of
the waterway. Normal operation includes scheduled and random minor maintenance but does
not include unscheduled closures. Unscheduled closures for repair result in transportation
losses through congestion delay and the diversion of traffic to overland routes. The diverted
traffic adds to overland congestion. The transportation losses and external costs from
unscheduled closures are removed from the waterway transportation surplus to yield system
waterway benefits.

Total system costs are the expected annual expenditures needed to maintain upper Ohio
navigation infrastructure under the reactive maintenance strategy. These costs represent the
costs to the Federal government to maintain, repair, or improve the waterway system under
the reactive maintenance policy. Scheduled improvement costs are shared 50-50 with the
Inland Waterways Trust Fund (IWTF). There are no scheduled improvement costs in reactive
maintenance. Scheduled maintenance costs are what the Federal government pays for the
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periodic maintenance of EDM. Unscheduled repair costs are the Federal costs associated with
the unscheduled repair of lock components. Normal O&M is the day-to-day recurring cost to
staff and supply the project regardless of the project’s ability to accommodate any traffic —
things like on-site labor, utility costs, cutting grass, etc. Random minor costs mostly involve
lock testing. Annual system benefits are $249.6 million. Annual system costs under reactive
maintenance are estimated at $39.4 million. Annual net benefits are $210.2 million. This
shows the expected value (benefit) of the existing upper Ohio infrastructure with a reactive
maintenance strategy.

TABLE 7-4 - Reactive Maintenance —EDM
Mid Forecast

Average Annual Costs and Benefits
(2012-2068, 4 1/8%, Million FY09 $)

Reactive Maintenance
Mid - Forecast

Reactive Maintenance Benefits

_Waterway Transportation Surplus | $4514
_Transportation Losses from Unscheduled Closures |~ $199.7
Externality Costs Incurred $-2.1

Total System Benefits $249.6

Reactive Maintenance Costs

_Scheduled Lock Improvements* | $00
‘Scheduled Lock Maintenance | ~ $84
_Unscheduled Lock Repair | $222
Normal O&M__ %80
Random Minor $0.8
Total System Costs $39.4

Net Benefits $210.2

BCR 6.3

* Scheduled lock improvements are 50% cost shared with the Trust Fund
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Section 8: IDENTIFICATION OF ALTERNATIVE
IMPROVEMENT PLANS

8.1 GENERAL

This section identifies and evaluates a more proactive maintenance strategy and alternative
improvement plans that address the navigation problems and needs of the upper Ohio. The
proactive maintenance strategy involves advanced maintenance where individual components
can be replaced before failing. The alternative improvement plans considered include new
600, 800’ and 1200’ chambers to replace the auxiliary chambers and, under three of the
alternatives, the main chambers at Emsworth, Dashields and Montgomery. Additionally,
consideration was given to a nonstructural plan in the form of a congestion fee designed to
divert marginal traffic and thereby increase total system benefits...Each of these plans
requires an investment decision and therefore is considered to be a with-project alternative.

Evaluation of alternative improvement plans will ultimately identify an optimum mix of site-
specific maintenance alternatives, non-structural improvements, and large-scale structural
investments for each traffic forecast scenario.

8.2 OPTIMIZING COMPONENT MAINTENANCE

The ORNIM Lock Risk Module (LRM) simulates each year’s expected repair costs and
closure probabilities for each lock component analyzed. ORNIM’s Optimization Module
(OM) then calculates the annual expected equilibrium waterway savings (benefits) and total
Federal reactive maintenance (RM) costs. This defines the expected net benefits for the
reactive maintenance plan.

If the likelihood of a lock component’s failure is high enough and a scheduled component
replacement has less consequence (i.e. lower cost and shorter chamber closure duration) than
an unscheduled replacement, it is better to replace a component before it fails. However, it is
impossible to determine precisely when a failure will occur. The next best option is to
estimate the expected annual reactive maintenance costs of repair and transportation impacts
over the planning period and compare them to the cost of a proactive replacement. The least-
cost alternative (reactive maintenance vs. replace in the 1% year vs. replace in the 2" year,
etc.) is the optimal maintenance plan for a component.

ORNIM compares the expected cost for the reactive maintenance plan with the costs for
proactive component replacement in various years. If, for example, the component
replacement cost in 2020 is being calculated, the expected reactive maintenance costs up
through 2019 are accumulated, the probability of the components survival in 2020 is
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calculated and the expected up-front replacement cost is calculated*®. This amortized cost
stream with a 2020 replacement is compared to the amortized RM cost stream. The least-cost
alternative is the optimal maintenance alternative.

Figure 8-1 uses a hypothetical set of main chamber miter gates to illustrate an average annual
RM cost ($0.54 million) relative to average annual miter gate replacement costs for each year
in the period of analysis. In this example, repair, replacement, and transportation costs can be
minimized with a proactive miter gate replacement starting in 2040. All components were
modeled this way. Optimum replacement timing represents the year the replacement process
starts.

FIGURE 8-1 - Hypothetical Main Chamber Miter Gates
Reactive Maintenance vs. Component Replacement
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Navigation projects are composed of many components. Determination of optimal
replacement timing of each component is a critical step, but it may not indicate the best
maintenance alternative for the project. Combining individual component replacements might
offer savings in mobilization and de-mobilization costs and result in fewer chamber closures.
Also, a large enough bundling of component replacements might eliminate enough collective
reactive maintenance costs to be economically justified even if the up-front replacement of the
individual components is not justified. This type of condition analysis of individual

I the component’s event tree contains a replacement of the component, there is a chance that the component is replaced
before the scheduled up-front replacement date. In these simulations the scheduled replacement is canceled and replacement
costs are not double counted.
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components and bundled components is useful in formulating possible chamber rehabilitation.
But, given the poor condition of the upper Ohio lock walls and their likely inclusion in any
component bundle, engineering judgment ruled out chamber rehabilitation in favor of lock
replacement as a viable with-project alternative.

8.3 ALTERNATIVES EVALUATED
8.3.1 Advanced Maintenance (Component Replacement)

The advanced maintenance strategy replaces a component before it fails. A planned, up-front
component replacement can minimize the adverse navigation impacts of an unscheduled,
emergency repair. To fully formulate advanced maintenance at a project, optimal individual
component replacements must be determined. Optimal individual component replacements
represent a piecemeal maintenance strategy which can be more efficient than reactive
maintenance. It is considered a viable stand-alone alternative.

The engineering team evaluated up to fifteen lock components and component systems at
Emsworth, Dashields, and Montgomery. Each component or component system was
identified as critical enough to warrant detailed economic analysis. ORNIM was used to
calculate the expected costs of reactive maintenance and repair and the additional
transportation costs associated with the delays from the maintenance and repair closures. The
amortized reactive maintenance costs are compared to up-front component replacement
scenarios to determine if replacement is economically justified and if so, the optimal timing
for the upfront replacement.

An advanced maintenance alternative combines reactive maintenance with economically
justified component replacement. Tables 8-1 and 8-2 show the year for beginning the
recommended component replacement process and reactive maintenance (RM) schedules for
the low and mid traffic forecast scenario. The gray shaded cells were not modeled in ORNIM
for that project. RM in a cell represents reactive maintenance, which is the same thing as
fixing the component after it fails, and the numbers in the cells represent the year which
optimizes the start of a component replacement process.

It is clear from Tables 8-1 and 8-2 that component replacements at all three projects’ main
chambers are economically justified early on in the study period. At Emsworth, replacement
of the land wall, guide wall and gates begin in 2014 and the middle wall, valves and gate
machinery in 2015. At Dashields and Montgomery, replacement of the land walls begins in
2014 and the middle walls in 2015 under the low forecast scenario. The higher forecasts
accelerate the replacement dates for some of the components.
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TABLE 8-1 - Advanced Maintenance

Scheduled Component Replacement
Low - Forecast Scenario

Chamber Upper Ohio Project

Component Emsworth |  Dashields | Montgomery
MAIN
| Gates| __ __ 2014 _|____] RM ____|___2014 ___
I Gate Machinery| 2015 _f____ 2015 _ | ___2015 ___
| _________Hydraulic] ___ 2014 1 ___ 2015 | ___2014
I valve Machinery[ == O __ 2015___ ) ___2015 ___
| ___Mid Wall Fill valves| ___ 2005 )i lo_oTmo .
| ___Mid wall MT Valves| = __ 2015 il ollTmolll
I Electrical| 2015 _|____ 2015 | ___2015 _ __
| . Land Wall] __ _ _ 2014 1 ___ 2014 ) ___2014
I Guide Wall| ___ _ 2014 ] ___ | RM _ L o__ooo..

Middle Wall 2015 2015 2015
AUXILIARY
. Gate Machinery] ____RM____ ] _ ] RM ___ | ____ RM____
[ DI Hydraulic] TTTTRM 7T U RM 7T
| . Valve Machinery] = o ___ RM ___ [ ____ RM____
| _____RiverFill valves] ___ 2034 )il fo_ooTToool
| _____RiverMTValves] ___ 2040 )i fooooTToolL
[CDIIIIIIT Electrical] "~ "RM__~" 177" S RM
O River Wall | e o oo RM____

Guard Wall| - RM | -

TABLE 8-2 - Advanced Maintenance

Scheduled Component Replacement
Mid - Forecast Scenario

Chamber Upper Ohio Project

Component Emsworth |  Dashields | Montgomery
MAIN
| Gates| _ __ 2012 _f____1 RM ____[___2014 ___
| _ Gate Machinery| __ _ _ 2015 | ___ 2015 _ [ ___2015 ___
| _________Hydraulic|] ___ 2012 | ___ 2015 | ___2012
| Vvalve Machinery| e ] __ 2015 _ | ___ 2015 _
| ___Mid Wall Fill valves| ___ 2030 )i loo_oTmoo.
| ___Mid Wall MT Vvalves| = __ 2014 il |llTmolll
| _ ] Electrical] __ _ _ 2012 | ___ 2015 _ [ ___2012 __ _
| ___ Land Wall[ ____ 2014 | ___ 2014 | ___2014 ___
. Guide Wall[ 2013 _f____] RM Lo oo ..

Middle Wall 2015 2015 2015
AUXILIARY
| _ Gate Machinery| ___RM____ | ___| RM ____[____ RM____
| _________Hydradlich ___RM____ | ___| RM ____[____ RM____
. Valve Machinery| o o] __ RM | ____ RM____
| _____RiverFill valves] ___ 2034 ) il fo_ooTTmooo.
| _____RiverMTValves] ___ 2040 )i fo_ooTTmoolL
] Electricall ____RM____ [ ___# RM ___ [____ RM____
O River Wall | e oo RM____

Guard Wall| - RM | -
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TABLE 8-3 - Advanced Maintenance

Scheduled Component Replacement
High - Forecast Scenario

Chamber Upper Ohio Project
Component Emsworth | Dashields | Montgomery
MAIN
_____________ Gates 2023 ____RM 2021
_______ Gate Machinery 2021 2021 2013
| Hydraulic| 2020 2022 2020
| . Vvalve Machinery| " _=w o __ 2020 _ | ___2019 ___
| ___MidwallFill valves] ___ _ 2022 | i lo._CTToo.
| ___MidwallMT valves] ___RM__ __ | _-=o____|____TTt.o___
___________ Electrical 2019 2012 2012
L Land Wall 2016 2017 __ 2016
L ____ 1 G_ Uid_e_\/\_la_” 2014 2013 L _TT o __._
Middle Wall 2012 2015 2014
AUXILIARY
_______ Gate Machinery] ____RM____] ___RM___] 2068
| _________Hydradlic|] ___RM____ | ___| RM ____ 2064
[T Vaive Machinery] J201550 000071 RM Tl 2067
| _____ RiverFill Valves 2035 e ER e
| _____RiverMTValves] ___ A I S
[T Electrical] -~ "RM_ """ RM | ©2009 -
I River Wall pli s oo RM ____
Guard Wall| - 2035 | -

8.3.2 Single Replacement Locks at EDM

The poor condition of the lock wall monoliths on the upper Ohio projects takes major
rehabilitation out of the formulation process. Rehabilitation of the middle walls would close
the river to navigation for up to two years. This is unacceptable to the Corps and to
stakeholders. However, it is possible to construct a replacement lock in the footprint of the
existing auxiliary chamber and avoid a total river closure. But during construction of a new
lock there would be a risk of river closure with the existing 600 chamber. This risk could be
monitored and communicated.

Alternatives involving construction of new 600°, 800’, or 1200’ lock chambers riverward of
the existing main chamber were developed and compared to reactive and advanced
maintenance strategies at EDM. Lock sizes were selected by the engineering team. The 600°,
800’, and 1200’ locks were each evaluated to optimize the chamber size to meet additional
potential capacity needs at EDM given the forecast traffic demand scenarios. The upper Ohio
projects are uniquely situated between 1200’ chambers on the rest of the Ohio River and 720’
chambers on the Monongahela River. In point of fact, the new 800’ chambers on the
Kanawha River are better suited to modern jumbo barge sizes than the Monongahela River’s
720’ chambers.
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The alternatives entail replacing the smaller (360 x 56°) auxiliary lock at each site with a
600°x110’, 800°’x110’, or 1200°x110’ chamber. The single replacement chamber projects
were developed considering different options for the existing 600’ chamber. One option was
to maintain it in a reactive maintenance mode. Another option was to close it down after
construction of the new chamber. A third option was to maintain it through reactive
maintenance until such time as a catastrophic failure of a guide wall, middle wall or guard
wall occurred.

The alternatives involving closure of the existing 600’ locks at Emsworth, Dashields and
Montgomery present a number of problems. The navigation projects downstream of EDM on
the Ohio River as well as upstream on the lower Monongahela River have auxiliary chambers.
When main chambers close in these river reaches, traffic diverts to the auxiliary chambers,
although congestion and delays quickly become problematic at these smaller facilities. The
alternatives involving closure of the existing 600’ lock at EDM would leave waterway-
dependent plants on the upstream side essentially cut off from the inland navigation system
during lock shutdowns. Similarly, plants on the downstream side of EDM that rely on
waterborne commodities originating in the Pittsburgh region (especially coal and primary
metals products) would be cut off from those supplies. A related complication is the
possibility of defacto limitations on overland capacity during lock shutdowns. Finally,
operations personnel have pointed out that with an unexpected closure of single-lock facilities
at any of the EDM projects, the repair fleet would be trapped upstream or downstream of the
affected project which could complicate and ultimately prolong the shutdown.

In order to avoid the problems outlined above and maintain the dual-lock character of the
Ohio River main stem projects, the above-mentioned alternatives involving the closure of the
existing 600’ lock were eliminated from consideration. With this caveat, ORNIM was run to
determine optimal timing and combination of reactive maintenance, component replacement
and new lock construction.

8.3.3 Two Replacement Locks at EDM

In addition to the single lock replacement plans, ORNIM was run to consider the economics
of two new 600’ chambers at EDM. Dual 800’ and 1200’ locks as well as 800” and 1200’
locks with 600 auxiliaries were also considered early on but were eliminated because it
became apparent that the alternatives calling for construction of new 600’ locks with reactive
maintenance of the existing 600’ locks was superior (higher net benefits) to construction of
new 800’ or 1200’ locks with reactive maintenance of the existing 600’ locks under every
forecast scenario. Because of this, construction of dual 800’ or 1200° locks or 800’ or 1200’
locks with new 600’ auxiliaries could not improve the relative economics of these plans
versus a new 600’ lock with reactive maintenance of the existing 600° lock. A new
600°x110° chamber riverward of the existing main chamber and a new 600°x110’ chamber in
the footprint of the existing main chamber were compared to single lock replacements (with
various treatments of the existing main chamber, as indicated previously), advanced
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maintenance and reactive maintenance. This plan was considered to test the incremental
benefit (if any) that would result from the installation of two new locks at each project.

A further refinement of the two-lock strategy was the construction sequencing. The first
alternative evaluated was commencement of construction of the dual 600’ chambers at EDM
in 2012. The second alternative also called for commencement of construction of one of the
new 600’ lock chambers at EDM in 2012, with construction of the second locks at each
project beginning 8 years later, in 2020. The third alternative involved a staggered
construction sequence, with a new lock beginning construction at Emsworth in 2012, at
Dashields in 2014 and at Montgomery in 2016, with construction of the second lock at each
project beginning eight years after the first lock. Ultimately, the plan calling for construction
of a new 600’ lock chambers at EDM in 2012, with construction of the second locks at each
project beginning 8 years later, in 2020 was found to have the highest net benefits among
these three alternatives, and was therefore selected for inclusion in further analyses.

8.3.4 Congestion Fees

Under ordinary circumstances in navigation studies, a nonstructural with-project alternative to
lock replacement in the form of a lock congestion fee is considered and evaluated. Since this
measure would require additional congressional authorization, it is categorized as a with-
project alternative. This alternative calls for the management of traffic demand at a lock
through the imposition of a lockage fee. This fee is designed to influence the shipper with
very marginal waterway savings to shift their traffic to an alternate overland mode, thereby
reducing the amount of lock congestion and increasing the rate savings of the remaining
shippers. The fee would thus serve as a device for rationing lock use to the movements with
the highest marginal rate savings. The result would be to increase total rate savings net of
delay costs for shippers that remain on the system. The congestion fee alternative typically
includes the use of helper boats at a lock, when justified.

As the name implies, a congestion fee is designed to relieve congestion at a lock(s) by
diverting the marginal movements and thereby increasing the sum of all benefits to remaining
traffic. In the case of Emsworth, Dashields and Montgomery, traffic has remained essentially
flat for more than 30 years and traffic has been well below project capacities. Congestion at
these facilities has not been problematic except in instances of main chamber closures, when
all traffic is forced to use the smaller auxiliary chambers. Furthermore, it is considered
unlikely that future traffic will approach levels that would make congestion fees an attractive
alternative.

Another, more salient issue is that the imposition of congestion fees does nothing to address
the main chamber condition and reliability problems identified previously or the auxiliary
lock capacity problem when the main chamber is down. In the final analysis, only structural
alternatives are capable of addressing these problems. For these reasons, an evaluation of a
congestion fee alternative to a structural plan was not undertaken
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8.3.5 Analytical Issues

When analyzing system investment strategies where multiple investments can be timed
differently, the specification of a base year as a project’s earliest on-line year can be
problematic (i.e. there are multiple on-line years). In the formulation and comparison
between investment strategies, the planning parameters (planning period, base year, discount
rate, and discounting method) are held constant. The base year is actually insignificant to the
comparison as long as the planning period, discount rate, and the discounting method (e.g.
end of year) are consistent. For the formulation of the upper Ohio alternatives, the planning
period includes the implementation period and a 50-year analysis period. The first budgetable
year, and the first possible construction year, was determined to be 2012. Initially, it was
thought that all construction projects could be completed in 6 years, resulting in the
specification of a base year 2018 and a planning period end year of 2068 (2018 plus 50-
years). As it turned out, lock construction durations varied by alternative and location, and
none was less than 8 years in duration.

For each new lock construction alternative except for the staggered twin 600’ locks
alternative, construction at each site was assumed to begin in 2012 (the first budgetable year).
Construction completion and on-line years vary because of variation in lock sizes and because
of staggering in the commencement of construction at the three lock sites. Once the
recommended plan is finalized with construction timing, the cost and benefit cash flows for
each location will be re-discounted with a base year set to the site’s on-line year so that
interest during construction (IDC) for each project can be determined.
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Section 9. ECONOMICS OF THE ALTERNATIVE
WITH-PROJECT IMPROVEMENT PLANS

9.0 GENERAL

The with-project alternatives can be described in terms of Federal costs and associated cost
impacts on navigation. Under the with-project alternatives, normal O&M is performed along
with scheduled periodic maintenance. Unscheduled lock repair costs are estimated from
reliability modeling. Authorized lock improvement costs will be up-front component
replacements and lock replacements.

Preliminary screening resulted in the identification of five alternative with-project
improvement plans. In subsequent paragraphs, these plans are given a descriptive
designation as well as short designations developed by the project delivery team to assure
comparability between study documents. The short designations are displayed parenthetically
following the descriptive designations.

9.1 ADVANCED MAINTENANCE (AMA)
9.1.1 System Costs — Advanced Maintenance (AMA)

ORNIM was run to estimate expected annual Federal costs to operate and maintain EDM
under an advanced maintenance scenario (AMA). The advanced maintenance scenario allows
for component replacement when economically justified. The average annual expected
Federal cost at EDM with an advanced maintenance strategy from 2012-2068 is $77.5
million. Table 9-1 displays the expected annual Federal costs at EDM from advanced
maintenance broken out into improvement costs, scheduled repair costs, unscheduled repair
costs, random minor maintenance cost and normal O&M costs. A majority of component
replacement activity occurs in 2014 and 2015 with middle walls being replaced in 2015.

TABLE 9-1 - Annual Federal Costs at EDM

Advanced Maintenance (AMA)— Component Replacement
(2012-2068, 4 1/8%, Millions FY 09%)

Advanced
Federal Costs Maintenance (AMA)
Scheduled Lock Improvement $ 57.1
Scheduled Repair $ 7.8
Unscheduled Repair $ 3.8
Normal O&M $ 8.0
$
$

Random Minor 0.8
77.5

Total Costs
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Figure 9-1 displays the average annual Federal costs for the advanced maintenance strategy at
EDM. The Federal costs include normal O&M, random minor maintenance, scheduled lock
maintenance and unscheduled lock repair costs. The scheduled lock improvements are
economically justified component replacements displayed in Tables 8-1 and 8.2. Again,
Emsworth is the higher cost project. Unscheduled lock repair costs and scheduled lock
maintenance costs are lower because of proactive component replacement efficiencies. High
maintenance needs are seen on the upper Ohio projects where over 70 percent of the annual
Federal costs over the next 50-60 years are economically justified component replacements.

FIGURE 9-1 - Average Annual Federal Costs - EDM

Advanced Maintenance (AMA)- Component replacement
(2012-2068, 4 1/8%, FY 09%$)
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9.1.2 System Benefits — Advanced Maintenance (AMA)

System benefits are the equilibrium transportation savings net of any transportation losses
caused by congestion delay or diversion due to scheduled improvement and unscheduled
repair closures. Figure 9-2 compares advanced and reactive maintenance benefits for the mid
traffic forecast scenario. The deep reduction in advanced maintenance benefits early on in the

study period results from overlapping partial and total river closures during wall
replacements.
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FIGURE 9-2 — NED Waterway Benefits — EDM
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9.1.3 System Economics — Advanced Maintenance (AMA)

Individual component replacement optimization was done at the project level in a system
context. The simultaneous effect of multiple piecemeal component replacements at each
project and between each project is captured by locking the recommended replacements for
all projects and re-equilibrating the transportation system. Given the results of individual up
front component replacement analysis, ORNIM was run to calculate the expected system
component replacement costs under each traffic forecast scenario. Table 9-2 summarizes
annual system benefits and costs for an advanced maintenance strategy at EDM for the mid-
forecast scenario. Table 9-2 shows both total system benefits and costs and incremental
system benefits and costs. The incremental system benefits and costs are incremental with
respect to the without-project condition. Although investment decisions are ordinarily made
based on incremental system benefits and costs, total system benefits and costs are displayed
at the request of HQ.

Advanced maintenance buys down risk with higher scheduled improvement costs that are 50
percent cost shared with the Trust Fund. Scheduled improvement costs for this alternative
include justified up-front component replacements. Incremental annual benefits for advanced
maintenance are $114.7 million, incremental annual costs are $38.1 million and the associated
net benefits are $76. million.
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TABLE 9-2 - Advanced Maintenance (AMA) — EDM

Mid Forecast

Average Annual Costs and Benefits
(2012-2068, 4 1/8%, Million FY09 $)

Advanced Maintenance (AMA)-
EDM
System Economics
Mid-Forecast
Advanced Maintenance Benefits |
~Waterway Transportation Surplus | $3830
_Transportation Losses from Unscheduled Closures | $-235
Externality Costs Incurred $-0.2
Total System Benefits $364.3
Advanced Maintenance Costs
_Scheduled Lock Improvements | $57.1
_Scheduled Lock Maintenance .} $78
_Unscheduled Lock Repair |\ $38
NormalogM ... 380
Random Minor $0.8
Total System Costs $775
Net Benefits $ 286.8
BCR 4.7
Incremental Benefits 114.7
Incremental Costs 38.1
Incremental Net Benefits 76.6
BCR (Incremental) 3.0

9.2 NEW LOCK CHAMBERS AT EDM AND REACTIVE
MAINTENANCE

New 600’ (LMA 7), 800’ (LMA 8), and 1200’ (LMA 9) lock chambers at EDM were
modeled with the existing 600’ chambers maintained in a reactive maintenance (FAF) mode
during and after construction. The new chambers would be constructed in the foot print of the
existing 360’ auxiliary chambers. Putting the replacement locks in the footprint of the
existing auxiliary chambers exposes the upper Ohio to the risk of a total river closure.
Component reliability analysis indicates possible failure to occur at the existing 600’
chambers during construction of each new chamber - a construction period that could extend
more than the planned six years.
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9.2.1 System Costs — New Lock Chambers at EDM and Reactive Maintenance

ORNIM was run at all projects to estimate expected unscheduled repair/replace costs,
component replacement costs and the construction of new lock chambers at EDM. Table 9-3
shows expected annual Federal costs for the new lock at EDM alternative that maintains the
existing 600’ chamber in a reactive maintenance mode as a backup. Federal expenditures
vary with lock size and range between $104.3 and $131.7 million a year. New lock
construction at EDM buys down risk and lowers future unscheduled lock repair and scheduled
maintenance costs relative to reactive maintenance.

TABLE 9-3 - Annual Federal Costs at EDM

600’ (LMA 7), 800’ (LMA 8), and 1200’ (LMA 9) Lock Replacements and FAF
(2012-2068, 4 1/8%, Millions FY 09%)

Federal Costs 600’ (LMA 7) 800’ (LMA 8) 1200’ (LMA 9)

Authorized Lock

Improvement $ 72.2 $ 84.0 $ 100.1

Scheduled Repair $ 4.7 $ 4.5 $ 4.2

Unscheduled Repair $ 18.8 $ 18.8 $ 18.8

Normal O&M $ 8.0 $ 8.0 $ 8.0

Random Minor $ 0.6 $ 0.6 $ 0.6
Total Costs  $ 104.3 $ 115.9 $ 131.7

9.2.2 System Benefits — New Lock Chambers at EDM and Reactive
Maintenance

System benefits are the equilibrium transportation savings net of any transportation losses
caused by congestion delay or diversion due to scheduled improvement and unscheduled
repair closures. Figure 9-3 displays mid-forecast transportation benefits for the reactive
maintenance strategy and for the new 600’ (LMA 7), 800’ (LMA 8), and 1200’ (LMA 9)
locks at EDM. The with-project alternatives show lower transportation savings during
construction of the new lock. This is due to intermittent river closures when the existing 600’
chamber closes for repair during construction of the new chamber.
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FIGURE 9-3 Upper Ohio System New 600’ (LMA 7), 800’ (LMA 8), or
1200’ (LMA 9) Locks at EDM

with Reactive Maintenance - NED Waterway Benefits
(Mid Forecast)
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9.2.3 System Statistics — New Lock Chambers at EDM and Reactive
Maintenance

Table 9-4 summarizes mid forecast average annual system benefits and costs of constructing
new 600’ (LMA 7), 800’ (LMA 8), and 1200’ (LMA 9) locks at EDM while maintaining the
existing 600’ chambers. Incremental annual benefits range between $167.5 million with the
1200’ lock, and $183.8 million with the 600’ lock. Incremental annual costs range between
$64.9 million with the 600’ lock and $92.3 million with the 1200’ lock. The resulting net
benefits range from $75.2 million with the 1200’ lock and $118.9 million with the 600°.
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TABLE 9-4 - New 600’ (LMA 7), 800’ (LMA 8), or
1200’ (LMA 9) Locks at EDM
Mid Forecast

Average Annual Costs and Benefits
(2012-2068, 4 1/8%, Million FY09 $)

New Lock

600’ 800’ 1200°
(LMA 7) (LMA 8) | (LMA9)
Upper Ohio System — EDM

New Lock with FAF Benefits

_Waterway Transportation Surplus | $4743 | $4744) $4744
'gggjfgsrtation Losses from Unscheduled $-40.0 $-45.0 $-56.0
Externality Costs Incurred $-0.9 $-1.0 $-1.3

Total System Benefits $433.4 | $4284 $417.1
New Lock with FAF Costs

_Scheduled Lock Improvements | $722| $840| $1001

_Scheduled Lock Maintenance | $47| $45] $42

_Unscheduled Lock Repair | $188| $188 | $18.8

NormaloeM ] . $80] $80) $80.
Random Minor $0.6 $0.6 $0.6

Total System Costs $104.3 | $115.9 $131.7

Net Benefits $329.1 | $3125 $285.4

BCR 4.2 3.7 3.2

Incremental Benefits 183.8 178.8 167.5
Incremental Costs 64.9 76.5 92.3
Incremental Net Benefits 118.9 102.3 75.2
BCR (Incremental) 2.8 2.3 1.8

9.3 NEW LOCK CHAMBER AND ADVANCED MAINTENANCE

The engineering reliability analysis indicates that an advanced maintenance strategy on the
existing 600° chamber after construction of the new lock chamber would result in the
complete replacement of the lock walls, gates, gate machinery, and hydraulic and electrical
equipment — essentially a new chamber. This plan was not evaluated. Instead the formulation
moved into twin chamber construction.
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9.4 Dual 600' CHAMBERS AT EDM (LMA 1)

The dual 600’-chamber plan (LMA 1) for EDM calls for commencement of construction of
one of the new 600’ lock chambers at EDM beginning in 2012. The second lock chambers at
each of the facilities would then begin construction eight years later, in 2020. Table 9-5
shows expected annual costs of $109.7 million for the two new 600’ locks at EDM. Under
this alternative, the dual-chamber character of the main stem Ohio is maintained, and the risk
of a complete river shutdown, which is inherent with single-lock structures, is avoided.

TABLE 9-5 - Annual Federal Costs at EDM

Dual 600’ Locks (LMA 1)
(2012-2068, 4 1/8%, Millions FY 09%

Federal Costs Dual(fl\(alOA Ii;)Cks
Lock Improvement $92.8
Scheduled Repair $1.2
Unscheduled Repair $7.3
Normal O&M $8.0
Random Minor $04

Total Costs $109.7

Table 9-6 summarizes the mid forecast annual benefits and costs of constructing dual 600’
locks at EDM. As indicated previously, this plan calls for beginning construction of the first
lock in 2012 followed by a second 600’lock in 2018. Incremental annual benefits for this
alternative are $184.2 million and incremental annual costs are $70.4 million. The resulting
incremental net benefits are $113.8 million.
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TABLE 9-6 - Dual 600’ Locks at EDM (LMA 1)

Mid Forecast

Annual Costs and Benefits
(2012-2068, 4 1/8%, Million FY09 $)

Upper Ohio System — EDM

Dual 600’
Locks (LMA 1)

New Dual 600’ Locks Benefits

Waterway Transportation Savings $474.3
Reduced Savings Unscheduled Closures | $-396
Externality Costs Incurred $-0.9

Total System Benefits $433.8

New Dual 600’ Locks Costs

Scheduled Lock Improvements | $928
‘Scheduled Lock Maintenance | $1.2.
‘Unscheduled Lock Repair | $7.3
NormalGeM $8.0

Random Minor $0.4

Total System Costs $109.8

Net Benefits $324.0

BCR 4.0

Incremental Benefits $184.2

Incremental Costs $70.4

Incremental Net Benefits $113.8

2.6

BCR (Incremental)
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9.5 COMPARISON OF WITH-PROJECT ALTERNATIVE PLANS

Table 9-7 lists the incremental annual net benefits by rank for each investment plan evaluated
under the mid case scenario. Net benefits are incremental with respect to those that would be
realized under the without-project condition. From this array, the optimum investment plan,
i.e. the plan that maximizes net benefits, calls for installation of a new 600’ lock chamber with
reactive maintenance of the existing 600’lock (LMA 7). This plan becomes the NED plan.
All of the other plans, as well, would be economically justified since they result in positive
incremental net benefits.

TABLE 9-7 - Incremental Annual Net Benefits by Plan
(2012-2068, 4 1/8%, Million FY09 $)

Incremental

Net Benefits/Ranking

Plan Description/Designation Rank Mid Case
600' Chamber & FAF Old (LMA 7) 1 118.9
Dual 600s w/ Lagged 2nd Lock (LMA 1) 2 113.9
800' Chamber & FAF Old (LMA 8) 3 102.3
Advance Maintenance (AMA) 4 76.6
1200' Chamber & FAF Old (LMA 9) 5 75.2

9.6 ECONOMICS OF THE NED PLAN
9.6.1 Equilibrium System Traffic

Figure 9-4 displays equilibrium system traffic accommodated under reactive maintenance
(WOPC) and under the NED plan which calls for new 600’ chambers with reactive
maintenance (FAF) of the old 600’ locks (LMA 7). Gaps represent incremental diverted
traffic between the plans. Under the NED plan, with the old 600 chambers open as
auxiliaries, the upper Ohio would largely avoid periodic river closures.
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FIGURE 9-4
Equilibrium System Traffic — Mid Forecast
(Million Tons)
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9.6.2 System Transit Days

Figure 9-5 compares system equilibrium traffic transit time for the modeled forecast traffic
scenario between reactive maintenance and the NED plan calling for new 600’ chambers and
reactive maintenance of the old (LMA 7). NED plan benefits are derived from a more
efficient transportation system because of improved reliability and increased capacity.
Capacity increases with fewer closures at the new chambers.
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FIGURE 9-5
Transit Days to Accommodate Equilibrium Traffic — Mid Forecast
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9.6.3 System Savings

Figure 9-6 displays the mid forecast traffic scenario system transportation savings for
reactive maintenance (WOPC) and the NED plan , which includes new 600’ chambers and
reactive maintenance of the existing chambers (LMA 7). Equilibrium transportation savings
represent system benefits in accordance with ER 1105-2-100. The gaps between reactive
maintenance and the NED plan represent system benefits attributable to the new chambers.
Again, because the NED plan continues to maintain the existing 600’ chamber, the dis-
savings associated with the river closures from future scheduled de-waterings of the new
chamber are largely avoided.
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FIGURE 9-6
Equilibrium System Savings — Mid Forecast
(Million Dollars)
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9.6.4 Incremental Net Benefits

Table 9-8 presents the incremental annual benefits and costs, net benefits and BCRs for
construction of the new 600’chamber with reactive maintenance of the existing 600’ chamber
(LMA 7). Incremental annual benefits are $183.9 and incremental costs are $64.9,
producing a benefit-to-cost ratio of 2.8-to-1. Since this plan maximizes net benefits at
$118.9, when compared to the other alternatives, this becomes the NED plan.

9.6.5 Investment Costs
Table 9-9 shows project first costs, interest during construction, and total investment costs for

the NED plan. Interest during construction represents the interest cost incurred on
Expenditures prior to the base year in the project economic life.
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TABLE 9-8 - Incremental Annual Benefits and Costs
Mid Forecast
(2012-2068, 4 1/8%, Million FY09 $)

Mid Forecast

600’ FAF

(