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increases 1in shallow-draft navigation benefits (shown in
table 7 - 10). However, Dbecause the increased processing
capability represented by bridge replacement is modest,
delays per tow would once again become serious after
traffic grows to a certain level. The question then arises
as to the economic implications of replacing the existing
St. Claude Avenue Bridge with a mid-rise structure in the
near-term, producing short term improvements, and then
replacing the existing lock at a future point when delays
at the lock warrant the investment in additional capacity.
Because the significant costs associated with lock
replacement would be delayed until some future year, the
economic efficiency, measured in terms of average annual
net benefits over the project life, of a phased bridge/lock
construction alternative could prove to be superior to the
non-phased construction approach. There are two primary
questions that must be addressed: 1.) would the overall
average annual net benefits associated with a phased
bridge/lock approach be greater than the NED North of
Claiborne Avenue plan, and 2.) would a lock different than
the NED lock size of 900 x 110 x 22 ft be optimal in a
phased construction approach and at what point in time. In
order to address the first question, the second question
must be answered first.

In order to determine both the optimal lock size and the
optimal time when a new lock should be operational, both
the project costs and the stream of future benefits
associated with various lock plans have to be considered.
In this analysis, costs were developed only for the
shallow-draft lock alternatives because of the limited
prospect of the deep-draft plans becoming optimal in the
phased approach. Therefore, construction, operations and
maintenance, and mitigation costs for a phased bridge/lock
plan were considered (over a 50 year period using a 7.375
percent discount rate) for each of the shallow-draft lock
alternatives. On the benefit side, since only shallow-draft
lock alternatives were analyzed, the focus was limited to
shallow-draft navigation benefits. Vehicle benefits were
not applicable, since in the phased approach, the mid-rise
replacement of the St. Claude Avenue Bridge is assumed to
be already in place. In a similar manner, benefits
associated with avoiding the losses associated with
rehabilitation closures are also not relevant because the
rehabilitation work will be required as scheduled due to
the delay and the uncertainty associated with replacing the
existing structure.

Future streams of net transportation cost savings were
developed representing the difference in transportation
cost savings between the "Bridge Only" alternative and each
of the shallow-draft lock alternatives. This difference

E - 295



represents the appropriate measure of shallow-draft savings
that would result from the construction of a new lock in
the future given that the St. Claude Avenue Bridge has
already been improved. The vear in which the net
transportation cost savings of a particular lock plan
exceeded the average annual cost of the plan determined the
optimal time when the new lock should be operational. The
net transportation cost savings from this year forward were
then annualized over a 50 year period for each of the lock
plans and then subtracted from the respective average
annual cost to produce an average annual net benefit
estimate. These results are shown in table 11 - 18. After
adjusting the average annual net benefits for each of the
lock plans to a common base year, the optimal lock size was
determined by selecting that plan which produced the
highest average annual net benefits.

As table 11 - 18 shows, the optimal lock size was
determined to be a 900 x 110 x 22 ft lock, operational by
the year 2011 (only 1 year 1later than the NED North of
Claiborne Avenue plan) assuming the mid growth scenario in
traffic projections. Using the same method as discussed
above, table 11 - 19 shows that a 900 x 110 x 22 ft lock
was also determined to be the optimal lock size assuming
the low growth scenario, but because delays at the existing
lock never become serious until many years later due to the
lower growth in traffic, the replacement lock need not be
in place until the year 2032. The high growth scenario was
also evaluated. The results in terms of lock size and time
were the same as the NED North of Claiborne Avenue plan in
that a 900 x 110 x 22 ft replacement 1lock should be
constructed as soon as possible.

Having determined the optimal lock size and when it should
be operational, the next task in this analysis was to
determine the average annual net benefits for the overall
phased bridge/lock plan. To do so required the estimation
of all average annual benefits and costs for the phased
approach. In the phased approach, the mid-rise replacement
for the existing low-rise St. Claude Avenue Bridge is
scheduled to be in place and fully operational by the year
2007, hence this becomes the base year and assuming a 50
year project life, benefits were analyzed over the period
2007 ~ 2056. As determined above, assuming a mid growth in
traffic, the optimal time for a 900 x 110 x 22 ft North of
Claiborne Avenue lock to be operational is in the year
2011. Consequently, shallow-draft navigation benefits from
2007 to 2010 represent the difference in total cost savings
between future without-project conditions and those
resulting from a mid-rise replacement of the St. Claude
Avenue Bridge while keeping the existing lock in place.
From 2011 to 2056, with the new lock in place, shallow-
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Table 11 - 18

Phased Bridge/Lock Plan
Optimal Lock Size and Timing

Mid Growth - Average Annual Net Benefits
(1996, $1,000, 7.375 Percent)

Average Annual Average Annual Net Benefits
Lock Alternative Net Benefits Base Year Adjusted to 2011
900 x 90 x 22 23,696 2011 23,696
900 x 110 x 22 27,278 2011 27,278
1200 x 90 x 22 27,429 2012 25,545
1200 x 110 x 22 26,608 2013 23,078

NOTE: Net benefits reflect shallow-draft benefits and lock construction costs only.
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Table 11-18

Phased Bridge/Lock Plan
Optimal Lock Size and Timing

Low Growth - Average Annual Net Benefits
(1996, $1,000, 7.375 Percent)

Average Annual Average Annual Net Benefits
Lock Alternative  Net Benefits Base Year Adjusted to 2032
900 x 90 x 22 27,608 2030 31,830
900 x 110 x 22 32,423 2032 32,423
1200 x 90 x 22 29,955 2032 29,955
1200 x 110 x 22 29,472 2033 27,448

NOTE: Net benefits reflect shallow-draft benefits and lock construction costs only.
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draft navigation benefits are represented by the difference
in cost savings between future without-project conditions
and those resulting from the replacement of the existing
lock with a North of Claiborne Avenue 900 x 110 x 22 ft
lock.

In addition to shallow-draft benefits, vehicle benefits,
resulting from the mid-rise replacement of the existing
low-rise St. Claude Avenue Bridge were calculated as well
as the benefits from discontinuing O&M expenditures on the
existing lock, once the replacement lock 1is operating.
Vehicle benefits, representing the difference in total
vehicle cost savings between future without-project
conditions and a mid-rise St. Claude Avenue Bridge while
keeping the existing lock in place were calculated over the
full 50 vyear period from 2007 to 2056. Savings from
avoiding existing O&M would not begin to accrue until the
yvear 2011, when the new lock is in place, hence these
benefits were assumed over the period from 2011 to 2056.
These benefit streams along with the shallow-draft benefits
were then discounted back to the base year (2007) and
average annual benefit estimates for each of these
categories were calculated using a discount rate of 7.375
percent and a 50 year project life. Summing these average
annual benefit estimates provided the total average annual
benefits associated with the overall phased approach.

The £final step in this analysis was to calculate the
average annual costs associated with the phased approach.
Total costs are comprised of seven categories: the
construction and mitigation costs associated with the new
bridge and lock, the operation and maintenance costs for
the new lock, the existing deep-draft benefits that are
lost when the existing lock is taken out of service and the
permanent deep-draft losses that begin to occur once the
new shallow-draft lock is in place and operating.

The construction and mitigation costs for the new St.
Claude Avenue Bridge were compounded forward to the base
yvear of 2007, whereas the costs for the new lock were
either compounded forward or discounted back to the base
vear since some of these expenditures would occur either
before or after 2007. Once the new lock begins to operate
in the year 2011, permanent deep-draft losses, representing
the difference in deep-draft cost savings between existing
conditions and a 900 x 110 x 22 ft North of Claiborne lock,
also would begin to occur. These were calculated for the
years 2011 to 2056 and discounted back to the base year.
Along with these losses, during the same time period (2011
- 2056), operation and maintenance expenditures for the new
lock were also discounted back to the base year. The final
cost item, the existing deep-draft benefits that are lost
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when the existing lock is taken out of service, is
scheduled to occur during the 1last two vyears of
constructing the replacement lock in the vyears 2009 and
2010. Like the previous estimates, these were also
discounted back to the base year. Each of these cost
categories were then annualized and summed to provide the
average annual costs associated with the phased approach.

Table 11 - 20 compares the total first cost (comprised of
construction and mitigation costs) and the composition of
total average annual benefits and average annual costs of
the phased approach to the NED North of Claiborne Avenue
900 x 100 x 22 ft lock plan assuming the mid growth traffic
scenario. As is shown in the table, the phased approach is
clearly inferior to the non-phased plan with total average
annual net benefits of the phased approach (after adjusting
to a common base year) representing only 77 percent of the
total average annual net benefits of the NED North of
Claiborne Avenue plan.

Table 11 - 20 highlights that the main reason for this
result lies in the assumptions regarding the maintenance
work associated with the existing lock. In the NED North of
Claiborne Avenue plan, the existing lock in scheduled to be
replaced as soon as possible. Under this situation, it was
reasonable to assume that plans to make extraordinary
maintenance expenditures for the existing lock would be
canceled. As a result, these maintenance expenditures, and
the high cost to navigation that would result from the lock
being closed during the maintenance, would be avoided. As
such, both were claimed as benefits in the non-phased
replacement plan. However, in the phased approach, even
though construction of the replacement lock is scheduled
only one vyear later than the NED plan, the inherent
uncertainty as to when the replacement lock will actually
become economically feasible dictates that scheduled
maintenance work be pursued as currently scheduled.
Consequently, in the phased approach, benefits from the
avoided effects of the maintenance work were not claimed.
If the benefits from avoided maintenance work are claimed
for the phased approach, the phased approach would generate
a higher level of average annual net benefits than the non-
phased approach. However, it is worth emphasizing that if
the assumption that the maintenance work would proceed as
scheduled with the phased approach was changed, the
difference in optimal implementation of the new lock is
only one year between the phased and non-phased approaches.

Table 11 - 21 displays similar information for the low
growth traffic scenario. As is shown, with the additional
delay in the need for lock replacement, the non-phased
approach becomes inferior to the phased 900 x 110 x 22 ft
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Table 11 -20

Benefit - Cost Summary
Mid Growth Scenario
(1996, $1,000, 7.375%)

Phased
900 x 110 x 22 Approach’

Total First Cost 425,507 435,078
Annual Construction Costs 44 954 38,024
Annual Mitigation Costs 3,939 3,168
Annual Nav Losses 208 159
Annual Permanent DD Losses 477 359
Annual O&M Costs 1,382 1,067
Total Annual Costs 50,960 42,777
Annual S.D. Benefits 83,982 69,314
Annual D.D. Benefits 0 0
Annual Vehicular Benefits 5,909 5,590
Annual Savings to Fed Proj 4,017 1,207
Annual Maint Closure -

Nav Losses Prevented 10,471 0
Total Annual Benefits 104,379 76,111
Net Benefits 53,419 33,334
BCR 2.05 1.78
Base Year 2010 2007
Net Benefits adj.

to 2010 53,419 41,266

* Mid-rise 300-ff horizontal clearance twin tower St. Claude

Bridge operational in 2007 and a 900 x 110 x 22 new chamber north
of Claiborne Ave operational in 2011.
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Benefit - Cost Summary

Table 11 - 21

Low Growth Scenario

(1996, $1,000, 7.375%)

Phased
900 x 110 x 22 Approach’
Total First Cost 425,507 435,078
Annual Construction Costs 44 954 11,680
Annual Mitigation Costs 3,939 2,084
Annual Nav Losses 152 26
Annual Permanent DD Losses 268 38
Annual O&M Costs 1,382 200
_ Total Annual Costs 50,695 14,028
Annual S.D. Benefits 49,964 28,841
Annual D.D. Benefits 0 0
Annual Vehicular Benefits 5,955 6,203
Annual Savings to Fed Proj 4,017 234
Annual Maint Closure -

Nav Losses Prevented 10,471 0
Total Annual Benefits 70,407 35,278
Net Benefits 19,712 21,250
BCR 1.39 2.51
Base Year 2010 2007
Net Benefits adj.

to 2010 19,712 26,307

* Mid-rise 300-ft horizontal clearance twin tower St. Claude

Bridge operational in 2007 and a 900 x 110 x 22 new chamber north
of Claiborne Ave operational in 2032.
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lock plan with total average annual net benefits of the
non-phased approach (after adjusting to a common base year)
representing 75 percent of the total average annual net
benefits resulting from the phased North of Claiborne
Avenue plan.

DELAYED IMPLEMENTATION

In order to consider if project implementation has been
optimally timed for the non-phased construction
alternatives, an analysis of alternative base years (the
point of an operational project) was conducted. Because the
non-phased alternatives would result in an operational
project at the earliest possible date, gquestions of
enhanced timing need only consider delaying implementation.
The potential for improvement from delaying implementation
comes primarily from two effects. By delaying project
implementation, the 50 years of project life are shifted
outward. Because certain benefit categories increase over
time, the 50-year stream starting from a more future point
can reflect higher absolute numbers. Also, by delaying
implementation, project expenditures would be delayed.
While by no means a certainty, given the rate of growth in
benefits, and the interest rate used to discount future
costs and benefits, it 1is possible that by delaying
implementation a superior position (defined by a higher
present value of average annual net benefits) could be
identified.

In order to investigate this possibility, the original base
vear for each of the alternative non-phased with-project
plans was delayed by five years. Assuming the mid growth
traffic projections, table 11 - 22 displays the total
average annual net benefits (adjusted to a common base year
of 2010) for each of the alternative plans at their
original base year and a base year five years later. For
the lock replacement plans only the with-curfew plans were
analyzed.

As table 11 - 22 shows, increasing the original base year
by five years had the effect of reducing the total average
annual net benefits for each of the alternative plans. (The
900 x 110 x 22 ft replacement lock remained the NED plan).
Additional delay in project implementation was also
evaluated. The outcome (not displayed) of delaying project
implementation by 10 years was to generate an even more
inferior position than that of the five year delay.

INTEREST RATES
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Throughout this study an interest rate of 7.375 percent was
used in determining average annual costs and benefits. In
order to explore the implications of alternative interest
rates on NED plan selection, three additional wvalues (
2.625 percent, 3.75 percent and 10 percent) will be
presented. Tables 11 - 23 to 11 - 25 summarize the results
for each of the alternative with-project plans assuming mid
growth in traffic for 2.625 percent, 3.75 percent, and 10
percent, respectively.

Table 11 - 23 shows that an interest rate of 2.625 percent
caused significant impacts with regards to NED plan
determination. Lowering the interest rate resulted in the
current NED plan (900 x 110 x 22 ft lock) shifting more
towards the larger scale alternatives. At an interest rate
of 2.625 percent, total average annual net benefits
(adjusted to a base year of 2010) are maximized at $77.4
million by replacing the existing lock with a 1200 x 110 x
36 ft North of Claiborne Avenue lock. An interest rate of
2.625 percent was selected for display in this sensitivity
analysis because 1t represents the authorized project
interest rate.

In an attempt to determine the point at which a change in
the current NED plan occurs as a result of lowering the
interest rate, several interest rates between the current
7.375 interest rate and 2.625 percent were evaluated.
Working from 7.375 percent and moving downward, a rate of
3.75 percent was identified as the point where a shift
occurs. Table 11 - 24 shows the results caused by a 3.75
percent interest rate. Unlike table 11 - 23, average annual
net benefits are maximized with a 1200 x 90 x 22 ft lock
replacement at $71.5 million.

Table 11 - 25 shows the plan formulation consequences of a
10 percent interest rate. Unlike the previous two tables,
no changes in the current NED plan occurred. At $35.4
million, total average annual net benefits are maximized
with a 900 x 110 x 22 ft replacement lock.

ALTERNATIVE FLOOR DEPTHS

The current NED plan involves a 900 x 110 x 22 ft North of
Claiborne Avenue replacement lock. In order to verify that
the 22- foot depth is optimal, two additional floor depths
were investigated, one more shallow than the 22-foot depth,
at 18 feet, and the other deeper than the 22-foot depth at
25 feet. Table 11 - 26 shows the economic comparison of
these two floor depths along with the 22-foot lock floor.
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The rational for the changes in costs that occur as the
floor elevation changes is straightforward and relates to
the changes in physical dimensions and the associated
construction requirements. The changes in benefits occur
because as the floor elevation becomes more shallow, fill
and empty times must be slowed so as to not violate design
safety parameters relative to turbulence within the
chamber. A slower fill/empty time will produce a longer
processing time which ultimately translates to a lower
level of service. Importantly, the impact on the level of
service is not linear as the floor elevation is raised.
Across the range of head differentials, the expected value
increase in processing time would be 0.8 minutes when
moving from the 25-foot floor to the 22-foot floor.
However, the move from 22 feet to 18 feet would result in
a 4.1 minute increase 1in processing time. It is these
longer processing times that are responsible for the
reduction in benefits as the lock floor is raised.

Comparing the economics of the 22 and 25-foot floor depths
shows that the total average annual net benefits for the
22-foot floor depth is slightly higher than the 25-foot
floor depth. In addition, constructing the lock at a floor
depth of 25 feet would cost approximately $3.1 million (in
total first cost) more than the 22- foot floor depth.
Consequently, from an economic standpoint, it would be more
rational to build the replacement lock at a floor depth of
22 feet.

By constructing the lock to 18 feet, table 11 - 26 shows
that even though it would cost (in total first cost)
approximately $2.1 million less to build compared to 22
feet, total average annual net benefits would decline by
approximately $1.9 million. Consequently, the move to an
18-foot depth is not supported by economic criteria.
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Table 11 - 26

Benefit - Cost Comparison
18, 22, and 25 foot Floor Elevations

(1996 $1,000, 7.375 Percent)

900x 110x 18 900 x 110x 22 900 x110x 25
Total Annual Benefits 102,267 104,379 104,549
Total First Cost 423,408 425,508 428,608
Total Annual Costs 50,747 50,960 51,220
Net Benefits 51,520 53,419 53,329
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