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SECTION 1 - DESCRIPTION OF PROJECT SETTING

The Inner Harbor Navigation Canal (IHNC) and the IHNC Lock
were built during the early 1920's. The canal and lock,
which are also known as the Industrial Canal and Lock,
intersect the Mississippi River at mile 93 above Head of
Passes (AHP). They originally connected only Lake
Pontchartrain and the river, and were built by the Board of
Port Commissioners of Louisiana (now known as the Board of
Commissioners of the Port of New Orleans or Dock Board) in
response to a need for more port areas to handle increased
water traffic in the port. The canal was initially built
200 feet wide and 20 feet deep with approximately 1,000
feet of land on each side of the canal to be used for port
and industrial development. The lock was built to
dimensions of 640 by 75 by 31.5 feet. Currently; the land
on both sides of the canal is fully developed and devoted
to industrial use. During World War II, the Federal
Government rerouted the Gulf Intracoastal Waterway (GIWW)
so that the IHNC lock connected the eastern and western
sections of the GIWW, creating a more direct route to
locations on the eastern gulf coast. Concurrent with the
relocation of the GIWW-East, the Federal Government leased
the IHNC lock and assumed its maintenance and operation.
The 1lock was subsequently purchased by the Federal
Government in 1986.

During three decades following construction of the IHNC,
the Port of New Orleans continued to experience growth and
ultimately congestion in the existing port area and
entrances to the port. In 1956 Congress authorized
construction of the Mississippi River—-Gulf OQutlet (MR-GO)
to provide a tidewater channel to new harbor facilities
that would supplement the existing port facilities as well
as an alternate route to the Gulf of Mexico for oceangoing
vessels. Intersecting the IHNC about 2.1 miles north of
its intersection with the Mississippi River, the MR-GO was
completed in 1967 with project dimensions of 500 feet wide
by 36 feet deep. The distance to the Gulf of Mexico from
the TIHNC lock is about 70 miles, or about 50 miles shorter
than the 45-foot depth route to the gulf wvia the
Mississippi River. The provision of direct deep water
access to the "Tidewater Port", as it came to be called,
allowed the port to enter the era of containerization with
competitive strengths that would not have been attainable
if only the Mississippi River had been available.
Containership operations were better suited to the
Tidewater Port where the obstructions to efficient
container handling presented by levees are not present.

The period following World War I1II also saw a period of
rapid growth in traffic in the nation's inland waterways



system as public sector investment in improved waterways
and private sector investment in more efficient technology
enhanced the competitive advantage of water transportation.
Always a dominant transportation alternative along the gulf
coast, inland water transport in the New Orleans area grew
rapidly.

The GIWW, of which the IHNC is a crucial link, also grew
rapidly during this period. The GIWW traces the U.S5. coast
along the Gulf of Mexico from Apalachee Bay near St. Marks,
Florida, to the Mexican border at Brownsville, Texas. Mile
0.0 of the GIWW intersects the Mississippi River at mile
98.2 (AHP), the location of Harvey Lock, and extends
eastwardly for approximately 376 miles and westwardly for
approximately 690 miles. In addition to the mainstem, the
GIWW includes a major alternate channel, 64 miles long,
which connects Morgan City, Louisiana to Port Allen,
Louisiana at Mississippi River mile 227.6 AHP, and a
parallel mainstem channel, 9.0 miles long, which Jjoins the
Mississippi River at mile 88.0 AHP, the location of Algiers
Lock, to the mainstem at GIWW West mile 6.2. Project
dimensions for the mainstem channel and the alternate route
are 12 feet deep and 125 feet wide, except for the 150 foot
width between the Mississippi River and Mcbile Bay portion
cf the GIWW East. Numerous side channels and tributaries
intersect both the eastern and western mainstem channels
providing access to inland areas and coastal harbors.

There are five primary GIWW navigation locks on the
mainstem west: Algiexrs, Harvey, Bayou Boeuf, Leland Bowman,
and Calcasieu, with Port Allen and Bayou Sorrel on the GIWW
Morgan City-Port Allen Alternate Route. West of Calcasieu
lock, the westernmost lock identified above, there are four
additional navigation structures. These include the East
and West Brazos River Floodgates located at GIWW West mile
404.1, and the East and West Colorado River Locks located
at GIWW West mile 444.8. There are no navigation
structures on the GIWW east of the IHNC lock. Table 1 - 1
describes the physical characteristics and locations of the
primary GIWW locks and Figure 1 - 1 maps the area that
includes these locks.



Table1-1

System Physical Description of GIWW Locks

Miss. Sill
GIWW River Length Width Depth Lift Year
Waterway/Lock Mile Mile (Feet} {Feet) (Feet) {Feet) Opened
GIWW East
IHNC 0 92.6 640 75 315 17 1923
GIWW West
Algiers \ 0 880 760 75 13 18 1956
Harvey 0 98.2 425 75 12 20 1935
Bayou Boeuf 93.3 n.a. 1156 75 13 11 1954
Leland Bowmnan 162.7 na. 1200 110 15 5 1985
Calcasieu 238.9 n.a. 1206 75 13 4 1950
GIWW Alt. Route M.C. - P.A.
Port Allen 641 2276 1202 84 14 45 1961
36.7 n.a. 797 56 14 21 1952
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SECTION 2 - EXISTING, HISTORICAL AND PROJECTED TRAFFIC
EXTISTING AND HISTORICAL SHALLOW DRAFT TRAFFIC
THNC LOCK TRAFFIC AND FLOW PATTERNS

Table 2 = 1 displays the distribution of 19%8% IHNC Lock
traffic by ten major commodity groups and the general
direction of the traffic flows. Tables 2 - 2 through 2 .-
4 show the distribution of traffic by seven origin and
destination regions with each region further broken down by
the ten commodity groups. The mapping of this ten
commodity group scheme with the 4-digit Waterborne Commerce
Statistics Center (WCSC) commodity codes and the Lock
Performance Monitoring System (LPMS) commodity codes is
shown in table 2 - 5.

As table 2 - 1 shows, approximately 67 percent of the total
traffic that moved through the IHNC lock in 1989 consisted
of movements with an origin/destination north (the
Mississippi River at New Orleans and all waterway system
points above) and east of the locgk, dominated by coal, and
to a lesser extent, petroleum products. The remaining 33
percent of the traffic had an origin/ destination east and
west of the lock, comprised mostly of petroleum products,
crude petroleum, industrial chemicals and non-metallic
minerals. The two largest origin regions, as displayed in
table 2 - 2, the GIWW East -(West of Mobile) and Ohio River
& Tribs, represent 36 and 29 percent of total traffic,
respectively. As table 2 - 3 indicates, the commodities
that make up the bulk of the traffic volume for the GIWW
East region are petroleum products and crude petroleum,
while coal dominates the commodities that make up the Ohio
River and Tribs origin region.

From the destination perspective, the two GIWW East
regions, GIWW East (West of Mobile) and GIWW East (Mobile
& East of Mobile) are the two largest regions, representing
33 and 29 percent, respectively, of total traffic. As
table 2 -~ 4 indicates, crude petrcleum, ccal and petroleum
products represent the bulk of GIWW East (West of Mobile)
destinations, while c¢oal, and to a lesser extent, petroleum
products, dominate the commodities destined for the GIWW
East (Mobile & East of Mobile) region. :

Table 2 - 6 summarizes IHNC shallow-draft activity for the
years 1984 through 19%2. Displayed are traffic volumes and
average delay per tow estimates.



Table 2 -1

Commodity Distribution and Flow Pattern for 1989 IHNC Lock Traffic

Total IHNC NorttvEast % of West/East % of

Traffic % Of Total Traffic North/East Traffic West/East
Commodity Group {Tons) Tratfic {Tons) Traffic (Tons) Trafiic
Fam Products 498,898 19% 480,667 2.8% 18,331 0.2%
Metallic Ores 1,383,955 54% 1,237,311 7.2% 146,644 1.7%
Coal 7,438,121 29.0% 7.438,121 43.2% 0 0.0%
Crude Petroleum 3,460,336 135% 976,610 5.7% 2,483,787 29.4%
Non-Metallic Minerals 1,443,020 5.6% 869,682 51% 573,338 6.8%
Forast Products 160,901 0.6% 159,883 . 09% 1,018 0.0%
Industrial Chemicals 1,598,829 6.2% 1,040,767 6.1% 558,063 6.6%
Agriculiural Chemicals 542,787 21% 501,034 29% 41753 0.5%
Petroleum Products 7,500,241 29.2% 3,359,578 19.5% 4,140,663 49.0%
All Others 1,619,197 6.3% 1,134,456 6.6% 484,741 57%
Total 25,646,445 100% 17,198,109 100% 8,448,338 100%

Source: Waterbome Comimerce Of The United States.
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Table2-2

1989 IHNC Lock Tonnage

By Origin And Destination Regions

QOrigin Region Tons % Of Total

Upper Mississippi & Missouri 502,395 2.0%
Lower Mississippi 2,733,893 10.7%
Ohio River & Tribs 7,508,291 29.3%
GIWW West (Louisiana Section) 3,733,228 14.6%
GIWW West (Texas Section} 1,462,799 5.7%
GIWW East (West of Mobile) 9,158,369 35.7%
GIWW East (Mobile & East of Mobile) 547,470 2.1%
Total 25,646,445 100%
Destination Region Tons % Of Total
Upper Mississippi & Missouri 626,788 2.4%
Lower Mississippi 4,621,126 18.0%
Ohio River & Tribs 1,333,857 5.2%
GIWW West (Louisiana Section) 1,720,377 6.7%
GIWW West (Texas Section) 1,403,729 5.5%
GIWW East (West of Mobile) 8,635,936 - 33.3%
GIWW East (Mobile & East of Mobile) 7,404,632 28.9%
Total 25,646,445 100%




1989 IHNG Lock Tonnage
By Commodity Gtoup And Origin Region

Origin Region

Upper Mississippi & Missouri

Lower Mississippi & Missouri

- Ohio River & Tribs

Commedity Group Tons Y% Of Total
Farm Products 129,650 26%
Metallic Ores 94,155 19%
. Coal. 114,568 3%
Crude Petroleun 0 0%
Non-Matallié Minerals. 28,277 6%
Forest Products 0 %
Industrial Chemicals 65,353 13%
Agricultural Chamicals- 3,208 1%
Petroleum Products 62,181 12%
All Others 5,002 1%
Total 502,395 100%
Farm Products 79,120 3%
Metallic Ores 256,563 9%
Coal 2,896 0%
Crude Petroleum 90,200 3%
Non-Metallic Minerals 53,329 2%
Forest Producis 8,561 %
Industrial Chemicals 670,383
Agricultural Chemicals 123,079 -0
Petroleum Products 1,415,840 52%
All Others 33,922 1%
Total . 2,733,893 100%
Farm Producis 50,816 1%
Metallic Ores 9,853 0%
Coal 7,034,672 94%
Crude Pelroleum 0 0%
Non-Metallic Minerals 237,878 3%
Forest Products 0 0%
Industrial Chemicals 39,487 1%
Agricuttural Chemicals 0 0%
Petroteum Praducts 135,585 2%
All Cthers 0 0%
Total 7,508,291 100%




Table 2-3

1989 JHNC Lock Tonnage
By Commodity Group And Origin Region

Origin Region Commodtty Group Tons % Of Total
GIWW Woast (Louisiana Section) Farm Producis 7,931 0%
Metallic Ores 16,331 0%
Coal 4] 0%
Crude Petroleum 2,239,236 60%
Nen-Metallic Minerals 234,351 6%
Forest Products 587 0%
Indusirial Chemicals 173,301 5%
Agricultural Chemicals 5,964 0%
Petroleum Products 846,506 23%
Ali Others 209,021 6%
Total 3,733,228 100%
GIWW Wast (Texas Section) Farm Products 6,892 0%
Metallic Oras 9,562 1%
Coal 0 0%
Crude Petroleum 4,762 0%
Non-Metallic Minerals 56,463 4%
Forest Products 0 0%
Industrial Chamicals 258,609 18%
Agricultural Chemicals 3,906 0%
Peatroleum Products 1,108,374 76%
All Others 14,231 1%
Total 1,462,799 100%
GIWW East (Wast of Mabile) Fam Products 161,403 2%
Metallic Cres 875,294 10%
Coal 151,443 2%
Crude Petroleum 1,822,844 20%
Non-Metallic Minerals 543,189 6%
Forest Products 138,322 2%
Industrial Chemicails 490,417 5%
Agricuttural Chemicals 400,362 4%
Petroleum Products 3,227,578 35%
All Cthers 1,347,517 15%
Total 9,158,369 100%




——

1989 IHNC Lock Tonnage
By Commodity Group And Origin Region

Origin Region Commadity Group Tons % Of Total
GIWW East (Mobile & East of Mobile) Farm Products 58,120 1%
Metallic Ores 155,060 28%
Coal 0 : 0%
Crude Petroleum 0 0%
Non-Maetallic Minerals. 289,282 53%
Forest Products 13,434 2%
Industrial Chemicals 7,363 1%
Agrictitural Chemicals 7,296 1%
Petroleum Products 16,355 3%
All Others 560 0%
Total 547,470 100%




1989 IHNC Lock Tonnage
By Commodity Graup And Destination Region

Destination Region Commodity Group Tons % Of Total _
Upper Mississippi & Missouri Farm Products 5,701 1%
Metallic Oras 165,376 26%
Coal 0 0%
Crude Pelroleum 0 0%
Non-Metallic Minerals 5612 1%
Forest Products 9,416 2%
Industrial Chemicals 29,283 5%
Agricutural Chemicals 185,377 30%
Patrolaum Products 201,292 32%
All Others 24,731 4%
Total 626,788 100%
Lower Mississippi & Missouri Farm Products 201,675 4%
Metaliic Ores 325,820 7%
Coal 151,443 3%
Crude Petrole_urn 870,720 19%
Non-Metallic Minerals 517,575 1%
Forest Products 108,218 2%
Industrial Chemicals 295,681 6%
Agricultural Chemicals 136,004 3%
Petroleum Products 927,845 20%
All Others 1,086,145 24%
Total 4,621,126 100%
Ohio River & Tribs Fam Products 9,252 1%
Metallic Ores 409,036 31%
Coal 0 0%
Crude Petroleum 0 0%
Nen-Metallic Minerals 29,715 2%
Forast Products 32,901 2%
Industrial Chemicals 45,772 3%
Agricultural Chemicals 54,285 4%
Petroleum Products 746,110 56%
Ali Others 6,786 1%
Total 1,333,857 100%
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1989 [HNC Lock Tonnage
By Commodity Group And Dastination Region

Destination Begion Commeodity Group Tons % Of Total
GIWW West (Louisiana Section) Farm Products 0 0%
Metallic Ores 51,040 3%
Coal 0 0%
Crude Petrcleum 660,491 38%
Non-Metallic Minerals 262,826 15%
Forest Products 0 0%
Industrial Chemicals 17,980 1%
Agricultural Chemicals 11,917 1%
Petroleum Products 497,494 29%
All Othats 218,629 13%
Total 1,720,377 100%
GIWW West (Texas Section) Farm Products 2,895 0%
Metallic Cres 79,082 6%
Coal 0 0%
Crude Petroleumn 291,633 21%
Non-Metallic Minerals 16,743 1%
Forest Products 1,221 0%
Industrial Chemicals 109,064
Agricuttural Chemicals 20,075 3
Petroleum Products 871,230 62%
All Cthers 11,786
Tolal 1,403,729 100%
GIWW East (West of Mobile) Farm Products 259,461 3%
Metallic Ores 322,286 4%
Coal 2,013,562 24%
Crude Patroleum 2,331,287 27%
Non-Metallic Minerals 552,488 6%
Forest Products 9,148 0%
Industrial Chemicals 911,620 11%
Agricultural Chemicals 49,526 1%
Petrolaum Products 1,908,650 22%
All Others 177,908 2%
Total 8,535,936 100%

= 12



1989 IHNC Lock Tonnage
By Commedity Group And Destination Region

Destination Region Commodity Group Tons % Of Total
GIWW East (Mobile & East of Mobile) Farm Preducts 14,948 0%
Metallic Ores 64,178 1%
Coal 5,138,574 69%
Crude Patroloum 2,911 0%
Non-Metallic Minerals 57,810 1%
Forest Products 0 0%
Industrial Chemicals 295513 4%
Agricultural Chemicals 86,632 1%
Petrolaum Products 1,659,798 22%
All Others 84,268 1%
Total 7,404,632 100%
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Table 2 - 5
Commodity Group Definitions
By Waterborne Commerce Statistics Center
And Lock Performance Monitoring System Classifications

1990 1989
WCSC WCSC LPMS3
1. FARM PRCODUCTS
COrM.vrnvnnnss e e e eee e 6344....... e ,L.0103. .00 ians ....81
SOorghum GraifnS.....oeeeeeses Y X N 0106...cciuienuans .. 80
Wheat ... .voveanuas e e A 0107 . iiennnnnans 82
Soybeans ................... 6522........ e ee e 4 O 83
Grains & Ollseeds NEC..6442,6443,6445,6521,..... 0102,0104,0105,...84-87
6534,6590 0112,0119
Other Agri Products....5654,6781,6839,6856,..... 0101,0121-0191....89
6857,6871,6872,6891,
6893,6899
Grain Mill Products....6746,0747...... Gt e rea 2014,2049,......c... B8
Animal Feeds.....cioveenaas BT822, e ee e 2042 . ittt i 80
OtheT Food/Tobacco.....6653,6654,6811,6817, ..... 2011-2039, 2061- . .94
6822,6835,6838,6839, 2099,2111

6858,6861,6865,6885,
©887-6889, 6891

2. METALLIC ORES & PROD

Iron Ores & Conc...... carens 4410...0000. . O 4 o I R ¥4
Other Metallic Ores....4630,4650,4670,4690...... 1021-1091 .. ....c.u 40,/
Iron & Steel Shapes....5320,5330,5360.5370 ..... 3314-3317. ... ccu.. 43
Other Iron § Steel Prod..... 2990,4420,4860, ..... 3311-3313,3318,...44,46
5312,5315,5390 3319,4011
Nonferrous Metal Prod..4680,5421,5422,5429...... 3321-3324,4012....44
Fabricated Metal Prod....... 5480 ... i34l i 45
3. COAL
Coal......iiiiiiineennrnnaas 1100 .00 v i nns eees 1121 i 10,

4., CRUDE PETRO
Crude Petroleum.....ccvvvuaun 2100.. . ieeennnseaaal3ll. i innrann 21

5. NONMETALLIC MINERALS

Limestone. ... ..ocvcvmcennnans 4322 . i e i B B N 51
Stone, Sand, & Gravel.......4310,4331..... ceneeal412,1442......... 52
Other Nonmetallic Minerals..3271,4323,4338,..... 1451,1491-1499....50
4741 ,4782,4783,4900
Building Cement........... 5220, it it i D - 61
Lime,..viuetnrnerannnan S 1725 N 3271 en e R
Stone, Clay, & Glass........5240,5290.......0... 3211,3251,3281....60
Waterway Improvemnt Matrl...4335............ e 4118, .. 00000, ..51

Misc Nonmetallic Minrl Prod 5290.. ...t eencaees 3291...... 10




Table 2 = 5
Commodity Group Definitions
By Waterborne Commerce Statistics Center
And Lock Performance Monitoring System Classifications

1990 1989
WCSC WCsC LPMS
6. FOREST PRODUCTS & PULP .

LOgS . it isesesssssncssancanesnsa B 2411, ... 00 e e e 32
Rafted LOogS...censsancnenseedl70.eceisiininanens 2412.,..... e e . .92
Pulpwood LOgS.ceeanncaa-a..8170. 00, ce2415 . 00t ens .92
Wood Chips & Staves.........416l......... e 2416....000.. e 92
Forest & Other Timber Prod..4110,4150,4170,..... 0841,0861,2413,...91

4190 2414
Lumber Prod & Furniture..... 418%,5540,7400,..... 2421-2491,2511....92

7900
PULlD .ttt enerntnrnsnnnssesasB225, . 0. i.iminennsas2blliceicecceannen 93 B
Standard Newsprint Paper....5110.............. L2621, . et 93
Papet & Paperboard.......... 5120 .. ccicereennccns 2631..0cceenn ceees93
Paper SCraP...cecescssescans 4225, . 000, ceveveaas 4024...0cenenn ves.93
Paper & Paperboard, NEC..... 5190 1 -3 1 A 93

7. INDUSTRIAL CHEMICALS

Industrial Chemicals..3211,3212,3219,3220,...... 2810-2861,2891....
3230, 3240, 3250, 3260, 3272~
3276,3279,3281~3286,3292,
3297-3299,7500, 7600

8. AGRICULTURAL CHEMICALS

Agricultural Minerals...... 3190,4327...000000...1471,1479........ .
Agrigultural Chemical...... 3110,3120,3130,......2871-2879. .. ...... :
-3190,3291 -

9. PETROLEUM PRODUCTS
Gasoline........cov.. Ceeeaa 5 . e e
Jet Fuel & Kerosene........ 2211,2221 . .00 0aes.s0.2912,2913,. . 00000
Distillate Fuel Oil........2330....... e e e I
Residual Fuel O0il.....c.... 2340, .00 00 cnnn - B
Lubricating 0il & Grease...2350....cvrecvrnrcan 2916 .. cenencnanans
Naptha & Petroluem S0lv....2429......00r0ceceeea 2917 ... ettt
Asphalt, Tars, & Pitches...2430,5290............2918,2931.........
Coke & Petroleum Coke...... 1200,2540..... ce-e2242920. .. 0 .
Ligquefied GaseS,....cvees. B - L .
Other Petro & Coal Prod....2410,2990...c0000e022299] .. i0vunnencnnn

30-34

E = 15



Table 2 - 5
Commodity Group Definitions
) By Waterborne Commerce Statistics Center
And Lock Performance Monitoring System Classifications

1990 1989

WCSC WCSC LPMS
10. ALL QTHERS
Fish & Shellfish...:..... b e0134,6136. .00 0911-0913........ 70
Unmanufactured Shells...... L = T e S S a0 00000 E 71
Basiec Textile Prod......... 6894,7500........ .2211,2212,4022....90
Apparel....iccccecnanncnrans 7500, it iiennn 30 A B B S S S G g0
Rubber,Plastics & Leather .7600,7900............3011,3111......... 99
Machinery. N GBO0DCo00abn0 58 a 7110,7120 ............. 3511,3611...... v . .95
Transportation Equipment;7210,7220,7230,7900....3711—3791.........95
MiscelIaneous, NEC....... 3293,4333,6888,7300....1911,2711,3811,...99

7800,7900,8900,:9900 3911,4029,4111~-
-4113,4119,999%

e

® o~ 16



Table2 -6

Shallow-Draft Activity Summary - IHNC Lock
(1984 - 1993)

Average Delay

Total Traffic Total Number Per Tow
Year {1,000 Tons) Of Tows (Hours)
1993 23,337 9,196 14.6
1992 23,530 10,601 6.3
1991 23,926 9,658 12.3
1990 23,412 9,891 16.2
1989 25,856 10,850 11.6
1988 27,128 11,123 11.9
1987 26,325 11,724 8.2
1986 26,608 11,733 15.8
1985 24,007 12,799 8.5
1984 22,193 . 12,381 B8

Source: Lock Performance Monitoring System. (LPMS)

B = 1/



SYSTEM TRAFFIC AND FLOW PATTERNS

Table 2 - 7 displays the distribution of commodity types,
aggregated by major groups, for 1989 by the three GIWW
segments that include the primary locks. These segments
are, 1) the GIWW Mississippi River to Sabine River (GIWW
West miles 0 - 240), 2) the GIWW Morgan City - Port Allen
Alternate Route, and 3) the GIWW Mobile to New Orleans
(GIWW BEast miles 0 - 134). The importance of the GIWW
system to the petrochemical industries of Louisiana and
Texas is evident in the commodity mix. For each of the
three GIWW segments shown in table 2 - 7, refined petroleum
products represents nearly a third or more of total segment
traffic. This significance is further illustrated by the
fact that the combinaticn of petroleum products, industrial
chemicals and crude petroleum acccount for 79 and 70
percent, respectively, of total traffic for the first two
segments. For the third segment, these same three
commodity groups represent 55 percent of total segment
traffic. Some difference in commodity emphasis does exist
between the eastern and western portions of the GIWW. The
primary difference between the segments is the prominence
of coal and the lesser significance of industrial chemicals
on the eastern portiocn. Virtually nonexistent on the
waestern portion of the GIWW, coal represents 29 percent of
the eastern portion traffic.

Table 2 — 8 breaks down the previously displayed commodity
group percentages by GIWW segment to the level of the
individual 1lock. Commodity group percentages for
individual locks generally reflect the percentages of their
respective segments with a few exceptions. First, refined
petroleum products represent an even higher percentage of
total lock traffic than they do of segment traffic for the
locks on the western mainstem. The second exception to
similar segment wvs individual commodity emphasis is the
greater percentage emphasis of crude petroleum and lesser
emphasis of industrial chemicals at Algiers and Bayou
Boeuf, and the reverse of this condition at Calcasieu and
Leland Bowman.

In order to illustrate traffic flow patterns between the
primary system locks, table 2 - 9 displays a matrix of
traffic flows between locks expressed as a percent ¢of each
lock's total traffic volume.

Historical traffic on the three previously described GIWW
segments is displayed in table 2 - 10. Traffic volume on
these segments has fluctuated significantly over the last
20 years. Traffic for the system, which fell to a 20~ year
low in 1982, rebounded by the 1988 - 1990 period to new
record high levels. Historical average lock delays for the



6T - 4

Table2-7

GIWW Selected Segments
1983 Tonnage by Commodity Group
(tnternal Tratffic)
Mississippl River . Morgan City - _ Mobile Bay -
Commodities to Sabine River 1/ % of Total Port Allen Route % of Total New Oreans 2/ % of Total
Forest Products 1,578,430 2.4 421,601 15 541,129 2.2
Metallic Ores 2,493,862 38 1,725,048 6.3 929,733 37
Coal 20,415 0.03 19,087 0.1 7,352,313 294
Crude Petroleum 14,492,804 219 1,593,165 58 3,109,001 125
Non-Metallic Minerals 6,173,547 9.3 5,089,349 18.7 1,349,286 54
Forest Products 30,864 0.05 22,533 0.1 338,136 14
Industrial Chemicals 12,262,336 185 8,678,216 318 2,008,032 8.0
Agriculiural Chemicals 877,287 1.3 728,637 27 233,828 09
Petroleum Products 25,622,554 386 8,821,370 324 8,699,275 348
All Others 2,764,978 4.2 161,288 0.6 407,309 1.6
Total 66,317,077 100 27,260,294 100 24,969,042 100

Source: Waterborne Commerce of the United States, 1989.
1/ Mississippt River to GIWW West mile 266.

2/ Inner Harbor Navigation Canal to GIWW East mile134.



Table 2 -8

Commodity Group Percentages by Lock - 1988

Port Bayou Bayou Leland

Group Allen Sorrel IHNC Algiers Harvey  Boeuf Calcasien  Bowman
Farm Prod 16 1.6 19 2.0 22 39 2.1 25
Metafic Ores 6.6 6.1 55 0.8 75 34 47 ° 4.7
Coal 0.1 0.0 28.5 0.0 0.0 0.0 0.0 0.0
Crude Petroleum 3.3 3.6 13.3 28.0 12.7 19.3 104 6.7
Non-metalic Minerals 19.4 18.0 5.6 9.4 9.3 3.8 3.0 3.1
Forest Products 0.1 0.1 0.6 0.0 0.2 0.1 0.1 0.1
Industrial Chemicals 33.0 33.7 8.6 8.3 9.8 9.5 252 258
Agricufiural Chemicals 2.7 28 2.1 24 08 21 18 29
Petroleum Products 326 334 205 485 48.4 50.2 515 53.0
All Cther 0.6 0.6 6.3 2.6 22 7.9 1.2 12

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Source: Waterborne Commerce Of The United States



Table2-9

Commion Traffic Flows Between Locks - 1989

Percent of Traffic that Uses:

Port * Bayou Bayou Lefand

Lock {traffic from) Allen Sorrel IMNC Algiers  Harvey  Boeuf Calcasieu Bowman

Port Allen 100.0 97.1 0.3 0.0 0.0 15 78.1 78.6
Bayou Sorrel 99.2 100.0 0.4 0.2 0.1 1.8 80.1 80.6
HNC 0.4 0.4 100.0 243 8.1 2741 233 246
Algiers 0.0 02 28.5 100.0 0.0 74.2 £8.8 835
Harvey 0.0 0.3 31.4 0.0 100.0 90.7 74.3 793
Bayou Boeuf 15 1.7 26.0 60.1 22.3 100.0 69.3 745
Calcasieu 46.9 47.0 13.6 29.1 11.2 424 100.0 100
Letand Bowman 448 45 13.6 29.9 11.3 433 96.7 100
Total System 322 315 313 26.6 8.1 328 546 56.4




Table2-10

GIWW Tonnage

Selected Years, Selected Segments, Total Tonnage

Mississppi River ~ Morgan City - Port Allen Mobile Bay -
Year to Sabine 1/ Alternate Route 2/ New Orleans 4/
1992 66,460,000 23,727,000 23,742,000
1991 65,328,000 24,342,000 23,449,000
1990 67,679,000 29,632,000 25,782,000
1989 66,415,798 27,264,185 25,972,550
1988 69,292,154 27,072,639 27,267,590
1987 63,967,724 19,682,861 24,069,572
1986 64,471,662 25,180,797 23,589,414
1985 63,002,992 23,150,132 21,577,873
1984 55,840,086 21,324,578 20,413,239
1983 51,545,852 19,253,008 16,524,665
1982 50,372,504 17,833,864 15,184,211
1981 52,591,854 ' 18,083,914 17,342,703
1980 54,916,394 19,066,976 19,124,329
1979 55,947,248 20,254,735 21,238,833
1978 61,753,493 " 18,066,503 22,610,406
1977 63,277,175 - 18,456,491 24,795,828
1976 59,108,942 18,961,414 23,201,285
1975 56,750,361 17,083,459 21,726,203
1974 60,839,703 15,895,856 21,307,231
1973 62,265,498 14,269,832 -19,323,261
1972 68,904,972 19,173,890 21,613,217
1971 70,563,208 14,368,939 18,660,228
1970 65,129,464 16,637,934 16,075,626
1960 36,263,828 2,773,826 3/ 7,606,145
1950 21,707,241 1,818,760 3/ 4,065,913

Source: Waterborne Commerce of the United States

1/Mississippi river to GIWW west mile 268.

2/ Not included in Mississippi River to Sabine traffic.

3/ Via Plagquemine Lock, Bayou Plaquemine, Bayou Sorrel Lock,

and the borrow pit of East Atchafalaya Protection Levee.

4/ Inner Harbor Navigation Canal to GIWW East, mile 134.



ten-year period 1993 - 1984 for three GIWW segments are
presented in table 2 - 10a.

EXISTING AND HISTORICAL DEFRP-—DRAFT TRAFFIC
SYSTEM TRAFFIC

The navigation system with respect to deep-draft activity
is composed of the two deep-draft channels that exist on
either side of the IHNC lock, the Mississippi River and the
MR-GO. The Mississippi River, a 45-foot channel,
represents the primary route to New Orileans and points
upstream to Baton Rouge, La, the upstream end of deep-draft
navigation. While the MR-GO provides a second, 36-foot
access route to New Orleans. The port facilities served by
each channel, while not completely isolated from each
other, represent geographically distinct areas. The areas
remain distinct because of limited .deep-draft traffic

interchange. The sole route connecting the two areas
requires use of the IHNC Lock which is too restrictive for
the wvast majority of the calling fleet. Therefore, for

most deep-draft vessels, the selection of one of these two
channels determine which port facilities can be accessed.

Historically, this system has represented the highest
concentration of deep-draft traffic in the U.S. Throughout
the 1980's, the Port of New Orleans has ranked as the
number one U.S. port in terms of total foreign tonnage,
while the Port of Baton Rouge has consistently placed in
the top ten by this measure. With the 1990 redefinition of
Lower Mississippli River port limits for ranking purposes,
the Port of New Orleans has dropped to number six in
foreign tonnage (1991). However, the newly defined ports
of South Louisiana and Plagquemine have achieved the
rankings of one and eight, respectively. With Baton Rouge
retaining its top ten status at number five, the
Mississippi River/MR~GO system has retained its status as
the heaviest U.S. concentration of foreign traffic into the
1990's.

Table 2 - 11 displays a deep-draft commodity breakdown for
the Mississippi River in 1991. The most prominent features
of this traffic breakdown are the farm products (mostly
grailn) exports and crude petroleum imports. These two
commodity groups represent approximately 72 percent and 62
percent respectively, of the export and import totals. The
significance of grain exports is further highlighted by the
fact that historically the Mississippi River has handled an
average of approximately 45 percent of total U.S. grain
exports.



Table 2-10a

Average Delay by Lock
1984 - 1993
{Hours)
Lock 1993 1992 1991 1990 1989 1988 1987 1986 1985 1984
Port Allen 2.0 1.5 2.1 2.2 1.2 1.0 1.2 1.2 141 1.5
Bayou Sorel 38 2.1 49 39 32 a7 0.9 13 0.9 1.1
IHNC 14.6 6.3 123 16.2 11.6 119 9.2 158 85 8.3
Algiers 8.8 4.4 49 4.6 4.6 3.2 3.6 3.4 3.1 3.2
Harvey 9.0 23 3.2 42 24 08 09 0.7 05 0.6
Bayou Boeuf 16 0.5 0.7 04 0.7 0.3 0.2 0.4 0.5 0.5
Calcasieu 1.6 0.8 0.8 12 27 1.1 i 1.7 13 1.6
L.eland Bowman 1.1 0.5 0.4 1.0 08 0.9 09 0.6 0.6 NA

Source: Lock Performance Monitoring System (LPMS)

e
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Table'2- 11

Mississippi River 1991 'Dee_p-Dr-afl Tonnage

By Commadity Group
Foreign Coaslwise
Total
Imports Exports Total Receipts Shipments Total Tonnage
i

Farm Products 1,767,000 78,825,000 80,592,000 181,000 855,000 1,036,000 81,628,000
Metallic Ores & Products 9,863,000 1,476,000 11,339,000 1,000 25,000 26,000 11,365,000
Coal 24,000 15,487,000 15,511,000 0 7,375,000 7.375,000 22,886,000
Cnxde Petroleum 37,052,000 0 37,052,000 803,000 21,000 824,000 37,876,000
Nonmetallic Minerals 1,827,000 128,000 1,955,000 0 388,000 388,000 2,343,000
Farest Products & Pulp 376,000 1,077,000 1,453,000 2,000 0 2,000 1,455,000
Industrial Chemicals 573,000 2,654,000 3,227,000 50,000 1,074,000 1,124,000 4,351,000
Agricultural Chemicals 1,455,000 2,023,000 3.475,000 7,404,000 62,000 7,466,000 10,844,000
Petroleum Products 7,113,000 8,098,000 15,211,000 1,357,000 11,459,000 12,816,000 28,027,000
All Others 85,000 166,000 251,000 0 0 0 251,000
Total 60,135,000 109,934,000 170.06§.000 9,798,000 21,259,000 31,057,000 201,126,000

Source: Waterbome Commercs of the United States



Table 2 - 12 provides the same information for the MR-GO.
For the MR-GO, the commodity concentrations are not as
pronounced as for the Mississippi River. Metallic ores and
nonmetallic minerals each represent approximately 35
percent of import tonnage, while industrial chemicals and
farm products represent approximately 27 percent and 23
percent respectively, of export tonnage. In terms of total
deep-draft wvolume, the MR-G0 handled less than three
percent of the Mississippi River total in 1991.

Table 2 - 13 displays the 1992 distribution of vessel types
for the Mississippli River and MR-GO. Reflecting the
gsignificance of grain and crude oil, table 2 - 12 shows
that dry bulk carriers (56.8 percent) and tankers (29.4
percent) are the dominant vessel types on the Mississippi
River. The emphasis on the MR-GO, however, 1s quite
different. The dominant wvessel type on the MR-GO is the
container wvessel, accounting for 54.5 percent of teotal
vessels.

While the MRGO does not represent the primary access route
to the Port of New Orleans in terms of draft provided or
tonnage handled, it is a c¢ritical component of the port in
that it provides access to the port's primary container
facilities. In fact, the MRG0 handles in excess of 90
percent of all container traffic moving through the port.
The wolume of container traffic through New COrleans has
increased in recent years to the extent that for 1990, New
Orleans, traditionally a bulk and breakbulk criented port,
ranked as the 1l4th largest U.S. port, and second largest on
the gulf coast (behind Houston, Tx.) in foreign container
box volume.

Table 2 - 14 displays historic deep-draft tonnage on the
Mississippi River for the period 1974-19%2. Traffic has
steadily increased since the most recent cyclical low in
1985 to approach the record levels of 1981, Table 2 - 15
displays historic deep—draft tonnage on the MR-GO since its
first year of partial operation in 1960 to 1992. Total
deep-draft traffic steadily increased from the waterway's
1960 opening through 1980. Traffic on the MR-GO declined
in the early 80's, as it did for the Mississippi River and
for many of the major waterways across the country.
Following this downturn, traffic levels recovered until
near record levels were recorded in 1987. Since 19887
traffic has shown a decline to slightly under five million
tons in 1991, followed by a modest upturn in 1992.

Tables 2 - 16 and 2 -~ 17 display fleet distributions by
year for the ten year period 1983-1992 for the Mississippil
River and MR-GO, respectively. Both distributions show a
shift over time reflecting a larger vessel emphasis. For

B = 26



Table 2-12

MRGO 1891 Deap-Draft Tonnage

by Commodity Group
Foreign Coastwise
Total
Imports Exports Total Receipts  Shipments Total Tonnage
Farm Products 229,000 431,000 660,000 61,000 315,000 376,000 1,036,000
Metallic Cres & Products 696,000 278,000 974,000 10,000 15,000 25,000 999,000
Coal 0 12,000 12,000 0 0 0 12,000
Crude Petroleum 0 0 0 0 0 0 0
Nonmetallic Minerals 662,000 60,000 722,000 111,000 18,000 129,000 851,000
Forest Products & Pulp 42,000 206,000 248,000 52,000 86,000 138,000 386,000
Industrial Chamicals 124,000 494,000 618,000 18,000 66,000 84,000 702,000 -
Agricuftural Chemicals 152,000 169,000 321,000 0 1,000 1,000 322,000
Petroleum Products 33,000 130,000 163,000 0 11,000 11,000 174,000
All Cthers 37,000 61,000 98,000 49,000 220,000 269,000 367,000
Total 1,975,000 1,841,000 3,816,000 301,000 732,000 1,033,000 4,849,000

Source: Waterbome Commerce of tha United States

"



Table2-13

1992 Vessel Type Distribution
(in Percent)

Vessel Mississippi

Type River MR-GC
Container 1.0 54.5
Tanker 294 1.5
General Cargo 128 23.7
Dry Bulk 56.8 203
Total 100.0 100.0

E =~ 28



Mississippi River Deep-Draft Tonnage
(1974 - 1992)

Foreign Coastwise
Total

Year imports Exports Total Recsipts  Shipments Total Deep-Draft

1992 63,036,000 112,249,000 175,285,000 11,581,000 20,764,000 32,345,000 207,630,000
1991 60,139,000 109,936,000 170,075,000 9,797,000 21,259,000 31,056,000 201,131,000
1990 63,160,000 106,042,000 169,202,000 10,465,000 22,032,000 32,497,000 201,699,000
1989 50,889,679 103,972,049 163,861,728 10,384,467 20,666,767 31,051,234 194,912,962
1988 45,325,616 97,464,079 142,789,695 13,971,968 21,826,430 35,798,398 178,588,093
1987 38,087,066 93,688,556 131,775,622 17,853,348 19,549,195 37,402,543 169,178,165
1986 35,138,022 81,084,796 116,222,818 19,039,077 18,211,912 37,250,989 153,473,807
1985 27,040,313 81,009,372 108,049,685 21,737,400 19,215,546 40,952,946 149,002,631
1984 34,167,226 85,894,311 120,061,537 19,921,173 16,828,915 36,750,088 156,811,625
1983 32,320,125 95,763,623 128,083,748 18,256,055 20,844,285 39,100,340 167,184,088
1982 56,708,090 100,756,368 157,464,458 14,629,231 20,034,834 34,664,065 192,128,523
1981 80,094,423 98,269,761 178,364,184 21,553,015 23,189,745 44,742,760 223,106,944
1980 90,772,105 86,200,660 177,062,765 17,768,198 23,811,964 41,580,162 218,642,927
1979 105,858,988 73,285,062 179,114,050 12,780.791 20274910 33,055,701 212.169.751
1978 98,540,849 67,286,151 165,827,000 14,332,003 17,404,538 31,736,541 197,563,541
1977 96,028,423 59,628,562 155,656,986 9,780,919 19,836,016 20,625,934 185,282,919
1976 67,027,258 52,869,800 126,897,148 8,588,222 17,370,125 25,958,347 152,855,495
1976 45,934,905 47,615,390 93,660,295 8,670,706 21,104,606 29,775312 123,325,607
1974 37,320,279 47,089,746 84,419,025 7,624,355 20,711,578 28,335,933 112,754,058

Source: Waterborne Commerce of the United States
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Table2- 15

MRGO Deep-Draft Tonnage
(1960 - 1992)
Foreign Coastwise
Total
Year Imports Exporis Total Receipts Shipments Total Deep-Draft
1992 2,165,000 1,716,000 3,881,000 364,000 861,000 1,225,000 5,106,000
1991 1,977,000 1,847,000 3,824,000 302,000 734,000 1,036,000 4,860,000
1990 2,795,000 1,790,000 4,585,000 273,000 753,000 1,026,000 5,611,000
1989 2,503,131 2,042,301 4,545,432 299,465 856,757 1,156,222 5,701,654
1988 3,233,962 1,799,982 5,033,944 210,172 633,652 843,824 5,877,768
1987 2,839,344 2,147,160 5,086,504 308,717 651,460 960,177 6,046,681
1986 2,961,669 2,292,251 5,253,920 140,267 618,815 759,082 6,013,002
1985 3,219,223 1,542,749 4,761,972 121,876 591,950 713,826 5,475,798
1984 3,446,207 1,935,075 5,381,282 99,554 461,212 560,766 5,942,048
1983 2,263,788 1,221,212 3,485,000 91,473 487,647 579,120 4,064,120
1982 2,444,099 1,433,762 3,877,861 102,906 339,861 442,767 4,320,628
1981 2,711,084 1,632,862 4,343,946 68,599 328,847 397,446 4,741,392
1980 2,548,379 1,819,406 4,367,785 125,084 311,594 436,678 4,804,463
1979 3,910,761 2,361,658 6,272,419 124,952 393,705 518,657 6,791,076
1978 3,222,259 1,913,680 5,135,939 566,259 823,990 1,390,249 6,526,188
1977 2,320,344 1,887,493 4,207,837 568,372 1,107,358 1,675,730 5,883,567
1976 1,710,152 2,441,668 4,151,820 341,375 560,524 901,899 5,083,719
1975 1,384,065 1,828,622 3,212,687 367,497 569,105 936,602 4,149,289
1974 1,705,093 1,680,734 3,385,827 274,086 286,338 560,424 3,946,251
1973 1,653,084 1,537,021 3,190,105 132,669 146,607 279,276 3,469,381
1972 1,288,854 1,114,819 2,403,673 65,652 179,639 245,291 2,648,964
1971 1,256,729 859,640 2,116,369 94,195 107,164 201,359 2,317,728
1970 1,334,302 1,187,356 2,521,658 85,530 51,985 137,515 2,659,173
1969 936,921 905,911 1,842,832 59,245 37,787 97,032 1,939,864
1968 1,168,685 687,739 1,856,424 92,169 78,221 170,390 2,026,814
1967 793,942 568,545 1,362,487 321,826 105,527 427,353 1,789,840
1966 965,363 177,135 1,142,498 441,048 147,324 588,372 1,730,870
1965 543,656 213,723 757,379 320,210 63,123 383,333 1,140,712
1964 767,548 182,670 950,218 36,006 4,220 40,226 990,444
1963 389,997 44,850 434,847 62,232 2,917 65,149 499,996
1962 300,574 0 300,574 10,431 0 10,431 311,005
1961 42,030 0 42,030 0 0 0 42,030
1960 14,316 0 14,316 0 0 0 14,316

Source: Waterborne Commerce of the United States
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Table 2- 16

Mississippi River Fleet Distribution

Qutbound Vessels
(1983 - 1992)
1992 1991 1990 '1989 1988 1987 1986 1985 1984 1983

Deadweight

Tonnage # % # % # % # % # % # % # % # % # %o # %
Under 20,000 1,365 290 1538 280 1,507 275 1592 288 1,693 325 1842 352 1,747 345 1,951 38.1 2064 375 2,069 365
20,000 - 28,999 727 154 882 16.1 1,084 194 1,065 193 955 183 957 183 900 178 909 178 1,008 183 1,020 180
30,000 - 39,993 613 130 766 140 741 135 726 1341 716 137 753 144 762 151 746 146 889 16.2 890 157
40,000 - 43,993 347 74 414 75 355 65 342 62 300 58 263 50 324 64 308 60 304 55 288 5.1
50,000 - 59,999 212 45 204 54 270 49 356 64 286 55 294 56 301 60 286 56 260 47 273 48
60,000 - 69,999 5% 127 677 123 635 116 582 105 574 110 523 100 479 95 462 90 392 741 409 72
70,000-79,989 -- 235 50 269 49 281 . 51 256 48 .- 215 441 244 47 255 50 226 44 257 47 290 51
80,000 - 89,999 274 58 383 70 38 71 336 6.1 218 42 139 27 121 24 89 17 129 23 156 28
90,000 - 93,999 163 35 136 25 18 22 66 1.2 64 . 12 40 08 31 086 23 04 66 12 5 1.0
100,000 - 119,999 55 1.2 49 09 49 09 7 13 61 12 75 14 62 12 49 1.0 65 1.2 101 18
120,000 - 139,999 84 18 54 10 57° 10 103 19 92 18 8 17 53 1.0 46 09 48 08 102 18
Over 140,000 3% 08 24 04 20 04 29 05 4 08 17 03 23 05 24 05 20 04 11 02
Total 4,707 1000 5486 1000 5485 100.0 5524 1000 5215 100.0 5236 1000 5,058 100.0 5119 1000 5503 1000 5664 1000

Source: Assodaled Branch Pilots.
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Table2- 17

e
MR-GO Reet Distribution
Outbound Vessels
(1983 - 1992)
1992 1991 1990 1989 1988 1987 1986 1985 1984 1983

Deadweight )

Tonnage_ # % # % # % # % # % # % # % # % # % # %
Under 20,000 267 542 330 521 343 517 284 4838 400 59.1 517 645 614 684 452 608 571 647 514 659
20,000 - 20,999 112 227 168 265 215 324 216  37.1 209 309 205 256 188 209 215 289 231 262 210 269
30,000 - 39,999 56 114 80 1286 74 111 60 103 3 49 52 65 58 65 45 60 32 36 3 42
40,000 - 49,999 47 9.5 47 74 25 38 20 34 30 44 26 32 33 3.7 28 38 38 43 20 26
50,000 - 59,999 1 0.2 2 03 6 09 2 03 4 06 0 00 5 08 1 0.1 5 06 2 03
60,000 - 69,999 10 20 6 09 1 0.2 0 0.0 0 0.0 0 0.0 0 0.0 2 0.3 4 05 1 0.1
70,000 - 79,999 0 0.0 0 0.0 0 00 0 00 ] 0.1 1 0.1 0 00 1 0.1 1 0.1 0 0.0
80,000 - 89,999 4] 00 1 02 0 00 0 0.0 0 0.0 0 0.0 Q 00 ] 0.0 1 0.1 0 0.0
Total 493 1000 634 1000 €64 1000 582 1000 677 1000 801 1000 898 100.0 744 1000 883 1000 780 1000

Source: Assodaled Branch Pilots,



the Mississippi River, vessels greater than 80,000 dwt
increased steadily from 1985 (4.5 percent) to 1992 (13.1
percent), while wvessels less than 30,000 dwt decreased by
approximately the same number of percentage points over the
same period (55.9 percent to 44.4 percent). For the MR-GO
the same general pattern of c¢hange exists, however the
break points in the distribution are significantly
different, reflecting the overall smaller nature of the
MR-GO fleet. Over the 1983 to 1992 period, vessels greater
than 30,000 increased from 7.2 percent to 23.1 percent,
while vessels less than 30,000 dwt decreased from 92.8
percent to 76.9 percent, Reflecting similar results,
tables 2 - 18 and 2 - 19 display vessel trips by draft for
the period 1984 - 1989 for the Mississippi River and MR-GO,
respectively. As was shown in previocus tables, a shift to
larger vessels becomes more apparent over time.

IHNC LOCK TRAFFIC

Deep—-draft IHNC Lock usage for 1991 is summarized in table
2 = 20. For the year, the lock handled 138 wvessels
carrying a total of 134,000 tons, an average of less than
1,000 tons per vessel. The table reveals two significant
observations. First, the composition of vessel types is
overwhelmingly represented by the general cargo
classification (96 percent). Dry bulk carriers (4 percent)
make up the balance. Container wvessels and tankers are
completely absent from current usage. Second, deep-draft
vessels transiting the lock are concentrated in the extreme
low end of the overall vessel size distribution for both
the Mississippi River and the MR-GO.

There are economi¢ reasons for the limited number and sizes
of deep-draft wvessels using TIHNC Lock which will be
discussed in detail in subsequent sections of this
appendix. Generally these reasons include a limited basic
need for access to both the Mississippi River and the MR-GO
during a single port call, the magnitude of savings
associated with lock usage, and vessel itinerary scheduling

requirements. However, 1in addition to these economic
reasons, there are absolute physical restrictions that
limit the size of wvessels using the lock. Given the

75-foot width, the largest dry bulk carrier that can
navigate the lock is estimated to be approximately 20,000
deadweight tons (dwt), while the largest general cargo
vessel is estimated at approximately 18,000 dwt.

Historically, deep-draft usage at IHNC Lock has been
similar to the 1991 profile. Table 2 - 21 summarizes the
1983-1991 deep-draft activity at TIHENC leck. Over this
period, deep-draft vessels have averaged 171 lockages and
137,000 tons per year.



Table2-18

Vessel Trips By Draft
Miss River (N.O. to Mouth of passes) 1984-1989
(Drafts Greatar Than 18 Ft)

Upbound Trips Downbound Trips
Draft (ft) 1989 1988 1987 1986 1985 1984 1989 1988 1987 1986 1985 1984
45 31 10 0 0 0 0 165 134 0 0 0 0
44 13 22 ,0 0 0 0 1086 104 0 0 0 0
43 15 24 0 0 0 0 121 66 0 0 0 0
4z 41 47 0 0 0 0 148 78 0 0 0 0
41 75 106 0 0 0 0 123 117 0 0 0 0
40 256 156 375 367 337 192 710 633 982 881 730 566
39 219 141 165 170 159 192 200 216 285 205 256 222
38 164 76 83 100 131 280 200 133 155 S0 209 353
37 128 102 75 116 161 188 174 114 161 233 231 215
36 157 115 92 91 89 1585 224 214 189 164 209 303
35 170 111 74 86 152 132 280 191 521 186 21 264
34 206 165 174 158 146 174 342 338 255 216 256 268
33 150 141 153 160 187 167 282 230 612 304 265 232
32 193 189 178 167 197 173 362 291 1,753 193 250 329
31 153 130 145 148 257 300 247 166 196 266 278 199
30 274 284 184 236 258 204 526 430 357 226 344 432
29 194 172 184 192 242 229 258 234 236 342 325 287
28 279 253 227 191 255 282 361 276 201 204 267 252
27 282 274 253 293 370 323 296 346 324 400 364 301
26 318 265 293 308 448 392 286 333 303 350 481 536
25 396 326 322 340 409 418 281 320 306 381 440 393
24 521 428 400 435 514 516 273 286 323 304 409 452
23 507 401 387 425 500 576 211 221 220 283 358 357
22 514 448 418 445 513 532 351 372 331 280 378 372
21 456 414 363 409 381 426 230 237 214 267 222 272
20 401 295 317 615 741 - 498 189 211 199 464 677 519
-19 403 348 327 © 304 - 349" 330 162 211 181 163 288’ \. 301

SubTotal 6516 5443 5189 5756 6796 6,659 7118 6502 8304 6432 7448 7425

Source; Waterbormne Commerce of the United States



Table 2-19

Vassel Trips By Drait

MRGO 1984-1989
(Drafts Graater Than 18 Ft)
Upbound Trips Downbound Trips

Draft (ft) 1989 1988 1987 1986 1985 1984 1989 1688 1987 1986 1985 1934
38 4 5 4 0 1 4 11 8 5 0 3 2
37 6 2 A 0 0 7 1 0 4 5 1 9
36 7 9 9 3 8 7 16 9 11 1 3 4
35 11 10 3 5 7 7 8 3 2 7 2 4
34 13 10 11 7 13 29 7 5 4 5 5 4
33 17 13 19 22 21 40 28 9 8 23 22 14
32 17 13 32 34 25 45 22 16 27 4 44 21
31 20 23 45 45 45 35 39 27 36 50 34 58
30 30 28 55 57 47 43 50 77 47 48 76 54
29 32 49 48 47 60 40 65 74 54 58 97 68
28 30 51 40 32 39 32 76 61 49 74 65 a3
27 40 55 50 35 49 53 62 73 70 53 35 64
28 59 78 57 56 62 86 32 43 41 67 52 48
25 46 74 47 51 52 57 40 42 43 69 48 61
24 61 56 54 63 61 72 14 46 32 39 35 55
23 57 34 51 67 49 55 19 37 29 51 55 22
22 44 38 33 77 43 57 21 38 48 50 25 44
21 21 27 37 44 46 81 14 22 45 42 36 46
20 22 45 41 34 37 28 23 26 34 20 22 27
19 18 25 26 31 37 26 17 15 18 26 29 32
Sub Total 555 645 663 710 702 778 565 629 607 729 689 720

Saurce: Waterbome Commarce of the United States.



Table 2 - 20

Deep-Draft Vessel Lockages
IHNC 1991

Deadweight °
Tonnage Dry Bulk General Cargo Total
3,000 0 110 110
3,000 - 10,000 1 3 4
10,000 - 20,000 4 20 24
Total 5 : " 133 138

E — 38



Table 2 - 21

Deep-Draft Traffic Summary - IHNC Lock
(1983 -1991)

Deep-Draft
Tonnage Number of
Year {1,000} Ships
1991 134 138
1990 105 163
1989 76 131
1988 175 168
1987 259 192
1986 162 195
1985 157 . 192
1084 | 101 163

1983 75 195

Source: Lockmaster Logs, New Orleans District, U.S. Army
Corps of Engineers.



PROJECTED SHALLOW-DRAFT TRAFFIC

OVERVIEW

System traffic was categorized into ten commodity groups.
A summary of this classification scheme was presented
earlier 1in table 2 - 5, The 1level of aggregation
represented by the ten categories balances two competing
requirements: 1) the need to generalize the specific
information within each movement so as to facilitate
analysis and, 2) the need to preserve as much as possible
those unique attributes of each specific commodity.
Tonnage projections are presented in this report according
to the ten-group format, although projections for specific
commodities were performed at a more detailed level where
it was found to be appropriate.

A review of 1990 WCSC data (reconciled tonnage) shows that
nearly 78 percent of total tonnage reported for IHNC Lock
was associated with coal, c¢rude petroleum, petroleum
products and industrial chemicals. Metallic ores and
non-metallic minerals accounted for another 15 percent of
traffic through the 1lock. Movements of farm products,
forest products, agricultural chemicals and miscellaneous
cargoes were each less than 1 million tons--small wvolumes
relative to the 23.5 million tons that passed through the
lock in that year. A summary of IHNC Lock traffic in 19%0
is presented in table 2 - 22. (A detailed discussion of
the reconciliation process is presented in a subsequent
section of the report.)

IHNC Lock traffic 1is only a portion of total system
traffic. The two primary inland waterways that serve
system traffic are segments of the Gulf Intracoastal
Waterway: Mississippi River to Sabine River and Mobile Bay,
Alabama to New Orleans, Louisiana. (Although the Gulf
Intracoastal Waterway—Morgan City-Port Allen Alternate
Route is comparable with the Mobile Bay to New Orleans
segment in terms of throughput, most alternate route
tonnage is common with the Mississippi River to Sabine
segment.) Table 2 - 23 displays the distribution of traffic
on these segments by commodity group and compares this
distribution with that of the United States as a whole.
Two characteristics of system traffic stand out: 1) with
respect to the Mississippi River to Sabine River segment of
the GIWW, 37 percent of all industrial chemical traffic and
33.5 percent of all crude petroleum traffic that is
transported on the U.S. inland system was also routed
through this waterway, and 2) with respect to coal, crude
petroleum, industrial chemicals, and metallic ores and
products, virtually all IHNC Lock traffic-is accounted for
in traffic recorded for the Mobile Bay to New Orleans



Table 2-22

[HNC Lock
1990 Traffic
WCSC WCSC
Unreconciled Reconciled

Commodity Tonnage Percent Tonnage Percent
Farm Products 371,118 1.63% 560,011 2.38%
Metallic Ores
And Products 1,419,772  6.25% 1,419,772 6.04%
Coal 7,998,709 35.20% 7,998,709 34.05%
Crude Petroleum 2,290,608 10.08% 2,290,608 9.75%
Non-Metallic
Minerals and Products 1,494,692 6.58% 2,075,399 8.83%
Forest Products 178,819 0.79% 178,819 0.76%
Industrial Chemicals 1,919,926 8.45% 1,919,926 8.17%
Agricultural Chemicals 500,879  2.20% 500,879 2.13%
Petroleum Products 6,000,634 26.41% 6,000,634 25.54%
Miscellaneous 547,639 2.41% 547,639 2.33%
Total 22,722,796 100.00% 23,492,398 100.00%

Source: Waterbome Commerce of the United States

E = 3%



Table 223

System Tonnage by Commodity For
Selacted Waterway Sagments
U.S. Inland GIWW: Mississippi River GIWW: Mobile Bay, Ala., Innerharbar Navigation
Traffic Total To Sabine River To New Orleans, La. Canal Lock
Parcant Parcort Percent Percent

Percent Percent of Percant  of Percent of .

of of U.S. of us. of GWw- U.S,

1990 1990 1990 1990 1990 1990 E 1990
Commodity Tonnage Toanage sl nna MINEQ age T g e
Farm Products 13.1% 21% 1.8% 1.7% 05% 1.6% 86.3% 0.5%
Metallic Cres '
And Products 3.4% 53% 17.7% 5.9% 7.4% 6.2% 94.1% 6.9%
Coal 30.7% 0.0% 0.0% 31.0% 43% 35.2% 100.0% 4.3%
Crude.Petroleum 8.4% 25.0% 335% 89%  45% 10.1% 100.0% 4.5%
Non-Metallic
Minerals and Products 12.7% 109% 9.7% 6.7% 23% 6.6% 85.9% 2.0%
Forest Products & Pulp 31% 0.1% D.Q% 13% 1.8% 08% 531% 1.0%
Industrial Chemicals 5.2% 17.1% 37.0% 89% 73% 8.4% 84.1% 6.1%
Agricultural Chemicals 1.9% 15% 9.1% 20% 45% 22% 97.9% 4,
Petroleum Products 19.6% 34.1% 195% 313% 6.8% 26.4% 74.4% 5.1%
Miscallansous 2.0% 39% 22.1% 24% - 52% 24%  895% 4.6%
Total 100.0% 1000% 11.2% 100.0% 43% © 100.0% ascv; - 3.8%

Sources: 1. Waterborne Commarce of the United States

2. The 1992 Inland Waterway Reviaw -- October 1992,

E - 40



segment of the GIWW. A comparison of traffic for these two
segments shows that an overwhelming majority of traffic on
the Mobile to New Orleans segment is common to the IHNC
Lock. In fact, among the major commodity groups, the
lowest level of common traffic is found among petroleum
products where nearly 75 percent of GIWW traffic for this
group transits the IHNC Lock. Reported traffic for the
Mobile to New Orleans segment is strongly representative of
traffic through the IHNC Lock.

2 review of commodity-specific traffic flows over the last
decade on the Mobile to New Orleans segment, as summarized
in Table 2 - 24, confirms earlier observation that coal,
crude petroleum, petroleum products and industrial
chemicals dominate traffic through the IHNC Lock. A
similar concentration of traffic in these commodity groups
erxists for traffic on the Mississippl River to Sabine
segment of the GIWW, with the exception of coal which shows
insignificant volumes. In view of the fact that these four
groups represent a large majority of system traffic,
projections for these commodities in large measure dictate

the level of total system traffic. Because of their
importance, traffic projections for these groups must be
regionally focused and specific to existing

origin-destination patterns in order to be meaningful.
PROJECTIONS OF CCAL TRAFFIC
Background

Waterborne Commerce statistics reported that 7,999,000 tons
of coal transited the IHNC Lock in 1990, which represented
over 35 percent of shallow-draft traffic through the lock
in that year. The volume of coal traffic on the system
that does not transit IHNC is negligible. The projection
of future coal traffic is, therefore, a very important
component of aggregate lock tonnage projections. Of the
nearly eight million tons of coal that transited the lock
in 1990, 91 percent was destined for four electric utility
plants located in Mississippi and Florida. These
facilities generate the energy needed to operate steam
turbines by burning coal which is currently mined in the
North Appalachian, Central Appalachian and Illincis basins
and transported by barge wvia the Ohio and Mississippi
Rivers and the Gulf Intracoastal Waterway. Although coal
traffic through IHNC is largely dependent upon the demand
for energy among a relatively small number of facilities,
these utilities seek to ensure future supplies at stable
prices by negotiating multi-year contracts. As a result,
related coal tonnage through the lock has wvaried little
from year to year. According to WCSC, total annual coal
traffic to these specific facilities averaged 7,470,000
tons from 1985 to 1990 and over this period, annual



Tabie 2 - 24

Historical Traffic

On the Gulf Intracoastal Waterway
1980 Through 1950

{In Thousands of Shont Tons)

Gull Intracoastal Waterway, Moble Bay, Ala., 1o New Orleans, La.

Matalic Forest Miscellanoous Miscelaneous
Fam Ores and Crude Nor-Metalic  Products  Indiistrial Agricultural Perolsum  Producis Products

Year Producis Products Coal Peyoleum  Minerals AndPulp Chemicals  Chemicais Products  (Marina Shall) {Non-Shelf) Total
1980 739 418 3,950 1,729 1512 276 1,420 1,073 6,140 1080 368 18,703
1981 552 859 3,346 999 1,629 239 1,538 906 6,132 979 163 17,342
1982 403 314 3,240 931 1,283 192 1,281 725 5,885 732 198 15,184
1983 517 767 24978 1314 1,284 199 1,453 657 6,419 807 130 16,525
1984 654 500 5,956 2,109 1,290 139 1,733 724 6,397 800 m 20,413
1985 694 647 6,086 26396 1,674 244 1,521 603 6,475 800 137 21577
1986 685 746 7.546 3,024 1,165 168 1,681 422 7,281 755 118 23589
1087 530 773 7.332 3,190 982 173 2,125 319 7818 708 122 24,070
1988 847 1,307 6,661 2975 1,460 393 3,232 273 8,642 602 281 26,673
1989 543 939 7352 3,111 1,321 338 2,029 245 9,203 404 135 25,620
1930 430 1,509 8,003 2291 1,740 337 2,282 512 8,066 431 181 25,782
Avg. 599 798 5677 2215 1,385 245 1,845 587 7,133 738 177 21,407
Pa. 2.8% 37% 265% 103% 6.5% 1.1% 86% 2.7% 333% 34% 08% 100.0%

Gulf Intracoastal Walerway, Mississippi River, La., to Sabine River, Tex.

Motalfic Forast. : Macelaneous Msacoansous
Fam  Orasand Crude  NonMatalc  Products Industial  Agrictiitural Pewoleum  Products Products

Year Products Products Coal Petoleun  Minerals AndPup Chbmicals  Chemicals Products.  {Marine Shal) {Non-Shelly Towl

1980 831 3842 . 99 12241 5,289 az 8,494 977 18,532 ads1 1059 54,852
1981 880 3,801 121 10993 4419 58 8,733 922 18,416 3044 1074 52,461
1982 815 1,928 15 12,263 4972 30 8,155 - 958 17,727 2497 920 50,288
1983 922 1599 .60 13,238 4957 27 8,991 207 17,144 2780 833 51,458
1984 813 2529 24 14414 6.103 51 9,898 839 17,480 a7 828 55,716
1985 1210 3,174 64 14,881 7,987 30 9,550 690 19,121 3010 3257 . 62974
1986 1642 2526 72 17551 6592 # 11,218 738 . 20151 2 - 1478 84375
1987 1579 2,587 34 16098 6,199 - 74 - 12627 789" 20,305 2000 - 1583 63,905
1988 1428 2,890 8 . 16953 6,854 93 12871 901 23610 1478 2085 1 69,181
1989 1680 2,651 20 14492 6173 31 12,260 876 25,661 1677 796 66317
1980 1433 3614 8 16,882 7382 65 11.568 1,032 23,046 1194 1429 67,653
Avg. 1208 2813 48 14548 6,084 49 10,397 876 20,108 2408 1,395 59,925
Pet. 20% 47% 0%  24.3% 102% 01% 17.3% 15% 336% 4.0% 23% 100.0%

Source: Waterboma Commerca of the United States



deliveries to these locations did not wvary by more than
eight percent from the average. Approximately 95 percent
of this tonnage was routed through IHNC. 0f the 133.2
million tons of coal that the U.S. Department of Energy
(DOE) reported was transported by barge in 1990 to electric
utilities nationwide, 7.3 million (5.5 percent) was routed
through the IHNC Lock.

Future Coal Demand

Future coal traffic through the IHNC is largely a function
of the projected consumption ¢f coal by four steam plants
located in Mississippi and Florida. The factors that
affect the long-run demand for coal amceng the utilities
that operate these plants are common to the industry as a
whole. Although, utilities' coal demand commoniy reflects
the regional demand for electricity, the industry-wide
demand for coal in the future will be further conditioned
by the manner in which utilities comply with the emission
standard mandated by the Clean Air Act Amendments of 1990.
This standard requires coal-burning facilities to reduce
sulphur-dioxide emissions to 2.5 pounds for each one
million British Thermal Units (BTUs) of total energy
consumed beginning in the year 1995 and to half that amount
in the years 2000 and beyond. Efforts to comply with this
legislation will effect, on a national level, changes in
the demand for coal, the demand for waterborne
transportation of coal, and the pattern of ccal flows over
the nation's waterways.

Of the four facilities previously mentioned, one (Company
A) was designed and constructed under stringent regulatory
guidelines which ensures that sulphur emissions will be
within the range specified in the 1990 legislation. This
utility is therefore not required to take any further
acticons with respect to compliance with the emlssions
standards. This facility accounts for a considerable
portion of all coal traffic through the IHNC lock and thus
represents an important factor in the development of
traffic projections for coal.

In contrast, the remaining three plants do not currently
comply with the sulphur emission standard. These plants
currently burn coal that is relatively high in sulphur
content while lacking the pollution control devices
necessary to bring the quantity of sulphur emissions within
the regulatory standard. In order to comply with the
emission standard in 1995, two of the remaining utilities
(Companies B and C) individually assessed several options
which are summarized below.



First, the utilities could substitute low-sulphur coal for
high-sulphur coal. The Tennessee Valley Authority and the
Institute for Water Resources have indicated that between
25 to 30 percent more low-sulphur ccal is required to vield
the same BTU output of a given quantity of high-sulphur
coal. Low-sulphur coal is mined in the Powder River basin
(Montana and Wyoming), Central Appalachia (West Virginia,
Kentucky and Tennessee) and, to a much smaller extent, in
the Illinocis basin (Illinois, Indiana and Kentucky).
Low-sulphur c¢ocal imported from South America 1is an
alternative to domestic sources, although the utilities
have stated that they would not rely on import c¢oal as the
sole source of supply. Furthermore, mixing of imported
coal with a domestic source may be required which would
most likely be conducted at a Lower Mississippi River
location where adequate landside space is available for
this process. In either case of domestic or imported coal,
the strict substitution of low-sulphur for high-sulphur
coal would likely generate a net increase in coal traffic
through the IHNC lock for the same level of electricity
demand. Company B views a switch to low-sulphur coal as
its most likely course of action while company C suggests
that it will substitute low-sulphur coal for at least a
portion of its total energy demand.

Second, natural gas can substitute for coal to reduce
annual sulphur emissions to a level within the allowed
standard. In this case, Company B would be required to
retrofit its electricity generating units with gas-fired
burners, an option which the company has stated is not
under consideration. In contrast, most units at the plant
operated by Company C already possess the capability to
switch between coal and natural gas and the company plans
to extend this capability to the remaining units. It is
possible that coal consumption at this plant will fall and
that projections of coal traffic through the IHNC lock
would reflect the degree to which this cccurs. However,
natural gas would not entirely replace coal and a reducticn
in the sulphur content of the residual coal would still be
required. In the past, Company C burned more natural gas
and less coal during periods where natural gas prices were
comparatively low, reflecting seasonal or cyclical market
conditions. To this extent, the demand for coal 1is
inversely related to the demand for natural gas. Actions
that are required to conform to the clean air standard will
not change the nature of this practice.

Third, burning facilities can be fitted with scrubbers
which are designed to remove sulphur particles by treating
the pollutants prior to emission. The multi-million dollar
cost of these devices represents a very large up-front
capital expenditure which must be compared to alternatives



that spread the cost of compliance over time. Companies B
and C have stated that they do not consider the
installation of scrubbers to represent a viable option.

Last, governing legislation allows the marketing of sulphur
emission allowances which constitute tangible financial
assets of those utilities that succeed in generating
sulphur emissions below specifically mandated levels. The
market for sulphur emission allowances is in its formative
stage. It is expected that the wvolatility in this market
will not be less than in the coal market itself. Given the
inherent unpredictability of the value and availability of
emission allowances, utilities in general will ©be
hard—-pressed to depend upon allowance purchases over the
long-run and will resist it as a fundamental means of
regulatory compliance. So far, emission allowances have
only been used to address short-term supply needs: coal
suppliers have purchased a number of allowances from
utilities for resale in a package which includes higher
sulphur ccal. 1In any event, excessive emissions permitted
under the system of marketable allowances may directly
conflict with ambient air-quality standards established by
independent legislation, particularly at the state level,
thus limiting the degree to which allowances can be used:
For the industry as a whole, the value of this alternative
is likely confined to its use as an intermediate measure
which will accommodate utilities that, in the transition,
find it in their interest to avoid an immediate commitment
to one of the preceding alternatives. Neither Company B
nor Company C plan to use emission allowances in their
programs to comply with the emissions standards that take
effect in 1995. .

According to Companies B and C, no decisions have yet been
made with respect to a long-term plan to comply with the
new emission standard. However, representatives of these
utilities have indicated what options they favored during
the period of transition. For the two plants operated by
the Company B, high-sulphur coal will be replaced with
low-sulphur coal which will be mined in Central Appalachia.
Although some consideration is being given to importing as
much as half of their low~sulphur coal requirement which
would be mixed with a domestic source at the port of
import, we do not expect this practice to represent a
long-term source of coal. In contrast, the Company C will
substitute high-sulphur c¢oal with low-sulphur coal and
natural gas in proportions which the utility has not vyet
determined. Projections of coal tonnage for this company
will be based on a substitution of low-sulphur for
high-sulphur coal but will include a projection scenario
which maximizes the substitution of natural gas for coal.



Projections of Ceoal Traffic Through THNC Lock

Projections of coal traffic through IHNC Lock were the
result of a two-step process. First, the 1990 base tonnage
was increased to reflect the shift from high-sulphur to
low-sulphur coal by three of the four electricity
generating plants, identified in the preceding section,
that are required to comply by 1995 with the sulfur
emission standard (the remaining plant currently complies
with the standard and will continue to use high-sulphur
coal) . To yield an equal amount of energy, measured in
BTUs, 27 percent more low-sulphur ¢oal will be required for
every ton of high-sulphur <c¢oal that is substituted.
Therefore, the 1990 base year tonnage for three of the four
facilities was increased by 27 percent to reflect the
effect of regulatory compliance.

Second, 1993 DOE regional projections of coal consumption
by electricity-generating utilities were used as a basis to
project growth in waterborne coal traffic. DOE projections
were specific to ten regions of the United States, one of
which, the southeast, was found to include the entire area
served by the Gulf Intracoastal Waterway east of the
Mississippi River. The states included in the southeast

region are Mississippi, Alabama, Florida, Georgia,
Kentucky, Tennessee, South Carolina and North Carolina.
The growth factors for coal consumption by

electricity-generating wutilities in this region are
displayed in table 2 - 25. These growth factors are used
to represent the growth in coal traffic on the GIWW. As
table 2 - 25 shows, traffic growth rates were developed for
the periods 1990 to 2000, and 2000 to 2010.

Table 2 - 25 includes separate sets of growth rates for
each of four macroeconomic cases. The economic assumptions
that underlie these four cases are summarized in table 2 -
26. The Reference Case 1s a baseline scenario (or base
case) and represents the level of future energy consumption
that is consistent with economic conditions that are most
likely to prevail in the future. These economic conditions
include an annual gross domestic product (GDP) growth rate
of 2.0 percent, a world oil price in the $19 to $23 per
barrel range through the 1990's (rising to $29 by 2010},
and economically recoverable 0il and natural gas resources
of 94 Dbillion barrels and 892 trillion cubic feet,
respectively.

In addition to the Reference Case, three alternative
macroeconomic cases are identified (World @il Prices,
Economic Growth and 0il and Gas Recovery) which represent
independent c¢onditions that shape the production and



Table 2 -25

Growth Factors for Coal Consumption
By Electricity-Generating Facilities

Southeastern United States
Growth Factors Average Annual Growth
1990 2000 1990 2000

Case Scenario . To2000 To 2010 To 2000 To 2010
Reference 1.09 1.16 0.91% 1.52%
World Oil Prices High 1.10 1.15 0.92% 1.44%
World Qil Prices Low 1.10 117 091% 1.54%
Economic Growth High 1.10 1.20 0.95% 1.87%
Economic Growth Low ‘ 1.09 1.09 0.90% 0.86%
Oil and Gas Recovery High 1.09 117 0.91% 1.54%
Qil and Gas Recovery Low . 140 1.21 0.92% 1.96%

Source: Supplement to the Annual Energy Outlook - 1993.
Energy Information Administration
U.S. Department of Energy
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consumption of energy and related products. For each case,
a high and low growth scenario is specified.

The World 0il Price Case accounts for the effect on the
consumption of coal, crude petroleum, and petroleum
products of higher or lower world oil prices. The high
scenario combines the Reference Case economic growth trend
with higher world oil prices starting at $19 per barrel in
1991 and rising gradually to $38 in 2010. The net effect
of higher o0il prices is a lower level of economic growth
over the projection period and a substitution of coal for
petroleum-based energy by the year 2010. The low scenario
combines the Reference Case economic growth trend with
lower world oil prices that will fall to $14 per barrel by
1999 and rise to $18 per barrel by 2010. The effect of
lower world oil prices is to increase the level ¢f economic
growth 1in the United States and to encourage the
substitution of petroleum-based energy for coal through the
year 2010.

The Economic Growth Case reflects the changes in energy
demand caused by higher or lower levels of growth in GDP.
The high scenario combines the level of world oil prices
expected under the Reference Case with economic growth of
2.4 percent. Higher growth is associated with increased
industrial production and high levels of energy-related
products transported on waterway modes. Under the low
scenario, a lower level of energy-related traffic is
expected due to economic growth of only 1.6 percent per
year.

The 0il and Gas Recovery Case reflects the inherent
uncertainties surrounding estimates of domestic oil and gas
resource estimates. While the quantity of o0il and gas
reserves indicated under Reference Case represents the
expected value (50th percentile) of a distribution of
reserve estimates made by the U.S. Geological Survey, the
high scenaric represents the quantity of reserves
prevailing at the 95th percentile reserve estimate and the
low scenario represents the quantity of reserves prevalling
at the 5th percentile reserve estimate. The high scenario
is consistent with economically recoverable reserves of 126
billion barrels of crude o0il and 1,125 trillion cubic feet
of natural gas. Under this scenario, c¢oal consumption
remains essentially unchanged. The low scenario is
consistent with economically recoverable. reserves of 75
billion barrels of crude o0il and 721 trillion cubic feet of
natural gas. Under the low scenario, greater quantities of
coal are consumed to compensate for the lower than expected
levels of ¢il and gas resources.



The energy demand growth factors displayed in table 2 - 25
were combined with the low-sulphur demand growth factor of
1.27 (reflecting the consequence of regulatory compliance
for relevant coal movements) and applied to the 1990 base
tonnage to produce estimates for future tonnage. The
results of these calculations appear in table 2 - 27 for
the Reference Case and each of the remaining scenarios.
Under the Reference Case, the aggregate quantity of coal
that will transit the IHNC lock will increase by 28 percent
from 1990 to 2000 (an average annual rate of 2.5 percent,
although most of the increase will occur in the Clean Air
Act compliance year of 1995) and by 16 percent from 2000 to
2010 (an average annual rate of 1.5 percent). The 1.5
percent annual growth rate for the period 2000 to 2010 was
carried forward for the remaining years of the project.
The tonnages for coal displayed in table 2 - 27 represent
coal traffic through IHNC that is unconstrained by lock
congestion. Coal traffic through the lock represents
virtually all c¢oal traffic through the system.

The growth factors for coal under the high economic growth
scenario and the high o0il and gas recovery scenario each
represent a different response to Clean Air Act
requirements by one of the three major utilities that
transport coal through the IHNC Lock. OCne of the utilities
has indicated that imports of low-sulphur c¢oal from
Venezuela through the Lower Mississippi River represented
an alternative to Central Appalachian coal, although the
switch to low-sulphur Central Appalachian ¢oal would be the
likely form of regulatory compliance. For this utility,
the high economic growth scenario represented a set of
macroeconomic conditions which would most likely result in
higher prices for domestic energy resources and in a
subsequent decision by the utility to import additional
coal. Under this scenario, half the tonnage associated
with this movement consists of high-sulphur coal shipped
from Central Appalachia to the Lower Mississippi River
where it is blended with an equal quantity of (very)
low—sulphur coal that is imported from Venezuela and then
shipped through the IHNC to the utility. Another of the
three utilities indicated that natural gas represents a
preferred energy source to low sulphur coal depending upon
the relative prices of the two commodities. Their relative
prices, in turn, reflect the relative quantities of these
commodities that are available. Under the high oil and gas
resource scenario, the abundance of natural gas is highest
and natural gas is more price competitive with coal. The
possibility that this utility would switch to natural gas,
rather than low-sulphur cocal, as the fundamental method of
regulatory compliance was incorporated into this scenario.
Under these circumstances the utility indicated that it
would continue to ship 20 percent of the low-sulphur coal



Table2-26

Macroeconomic’Assumptions
For Reference Case And Projection Scenarios

Economically Recoverable
GDP World Oilin Gasin

Annual Ol Price Billion Trillion

Case Scenario Growth Per Bbl Bbls Cuit

Reference 2.0 19-23/29 A 94 892
World Qil Prices High 2.0 19/38 e 94 892
Worid Gil Prices Low 2.0 14/18 B 94 892
Economic Growth High 2.4 19-23/29 94 892
Economic Growth Low 1.6 19-23/29 94 892
Qil and Gas Recovery High 2.0 19-23/29 126 1125
Qil and Gas Recovery Low 2.0 19-23/29 75 721

Notes: * $19-23 forthe 1990's and rising to $29 by 2010.
A $19in 1991 and rising to 38 in 2010. ;
AMA Falling to $14 by 1999 and rising to $18 by 2010.

Source: Supplement to the Annual Energy Outiook - 1993,
Energy Information Administration
U.S. Department of Energy
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Table 2 -27

Projected Coal Traffic
IHNC Lock
(in Thousands of Short Tons)

Annual

Growth Projection Years
Projection 1990- 2000-
Scenario 2000 2010 1980 2000 2010 2020 2030 2040 2050 2060
Reference 26% 15% 7,999 10,308 11,987 13,940 16,210 18,850 21,920 25,491
Qil Price - High 26% 14% 7,999 10,320 11,909 13,742 15,858 18,299 21,116 24,366
Qil Price - Low 26% * 1.5% 7,999 10,314 12,023 14,016 16,338 19,045 22,201 25879
Econ Growth- High 22% 1.9% 7,999 9964 11,992 14432 17369 20,903 25,157 30,276
Econ Growth - Low 26% 0.9% 7,999 10,296 11,217 12,220 13,313 14,503 15,800 17,213
O/G Recovery-High 02% 15% 7,998 8,199 9554 11,132 12971 15,114 17,611 20,521
O/G Recovery- Low 26% 20% 7,999 10,320 12535 15225 18,491 22459 27,279 33,132

B = 5l

ot



that it would consume under the Reference Case, shifting
the remainder of their energy requirements to natural gas
which would be shipped by pipeline.

PROJECTIONS OF CRUDE PETROLEUM TRAFFIC
Backgreound

a. Gulf Intracocastal Waterway: Mobile Bay, Ala. To
New Orleans, La. In 1990, 2,291,000 tons of crude
petroleum transited the IHNC Lock, representing nearly ten
percent of total lock traffic. Approximately 90 percent of
the crude petroleum rcuted through the IHNC in 1990 was
destined for eight specific facilities on the Lower
Mississippi River, GIWW-West and in Mobile, Ala. Crude
petroleum discharged at these locations are used as
feedstock for local refineries which Thave strict
requirements with respect to the grade and composition of
the petroleum used in their operations.

The IHNC Lock averaged 2,215,000 tons of crude petroleum
for the period 1980 through 1990. This estimate was based
on Waterborne Commerce statistics for the Mobile to New
Orleans segment of the GIWW since virtually all crude
petroleum traffic on this segment also transited the IHNC
lock. Table 2-24 shows that c¢rude petroleum traffic on
this segment grew steadily from 1982 to 1987 and held
constant through 1989 before falling significantly in 1990.
An inspection ¢of 1983 Waterborne Commerce detailled records
indicates that between 50 and 60 percent of IHNC Lock
traffic i1s common to traffic on the GIWW west of the
Mississippi River.

b. Gulf Intracoastal Waterway: Mississippi River To
Sabine River. Most crude petroleum transported on waterway
system defined for this study is associated with the
Louisiana section of the GIWW west of the Mississippi
River. As reported by Waterborne Commerce in table 2 - 24,
this segment averaged 14.5 million tons from 1%80 through
1990. Table 2 - 24 also shows that crude petroleum traffic
grew steadily from 1981 to 1986, after which reported
tonnage exhibited an erratic pattern, indicating no
tendency for growth or decline.

Projections of Crude Petroleum Traffic

a. Crude Traffic Not Common With the IHNC. Because
growth in crude petroleum traffic on the GIWW was
inconsistent from 1987 through 1990, trend analysis cannot
serve as a basis for projecting future traffic. Instead,
projections of crude petroleum traffic on the GIWW should
reflect the expected level of regional crude petroleum

E -~ 52



production. Projections of crude petroleum production in
the years 2000 and 2010 were prepared by DOE and are used
in this analysis to represent future growth in waterborne
traffic in crude petroleum.

DOE projections for c¢rude o0il production within the
continental United States are disaggregated to six regions
one of which, the Gulf Coast region (representing Florida,
Alabama, Mississippl, Louisiana and Southeastern Texas),
was selected to represent activity on the GIWW. In
addition to the Reference Case, petroleum supply
projections include high and low growth scenarios for each
of three macroeconomic cases which were described in detail
in the preceding section. DOE alsc prepared separate
projections for onshore and offshore production. Onshore
production estimates were chosen to represent future
traffic growth on the GIWW since the transportation of
petroleum extracted offshore is far more 1likely to be
associated with pipelines. Estimates of the number of
barrels of crude o0il produced from onshore fields located
in the gulf region and the associated growth factors for
the Reference Case and all other scénarios are detailed in
table 2 - 28. The growth factors that prevail in the year
2010 are used as the growth factors for the remainder of
the study period.

b. Crude Traffic Through the IHNC Lock. DOE
projections of crude petroleum production in the gulf
region were also used to estimate future crude petroleum
traffic through the IHNC Lock. It must be recognized,
however, that c¢rude traffic through the IHNC Lock 1is
partially independent of the crude traffic through the
remainder of the system. This partial independence is
reflected, in some measure, in the differential growth
rates in crude traffic between the IHNC Lock and the GIWW
west of the Mississippi River over the previous decade. As
mentioned earlier, crude petroleum traffic through the IHNC
Lock grew steadily from 1982 to 1987 and held constant
through 1989 before declining significantly in 1990. 1In
contrast, crude petroleum traffic on the Mississippi River
to Sabine segment of the GIWW, while growing steadily from
1981 to 1986, fluctuated for the remaining four years of
the decade. While the factors that determine the level of
regional waterborne transportation in erude petroleum may,
in the long run, equally affect traffic through the lock
and the remainder of the system, these factors have not
resulted, according to recent data, in similar traffic
patterns between these two segments.

c. System Traffic for Crude Petroleum. The growth
factors appearing in table 2 - 28 were applied to the 1990
base traffic that was routed through both the IHNC Lock and



Table2-28

Crude Cil Production
Gulf of Mexico - Onshore
Gulf Intracoastal Waterway
Mississippi River to Sabine River

1990 2000 2010

Millions of Barrals Per Day
(Annual Growth Rate)

Reference Case 1.03 0.71 0.91
(37%)  (2.5%)

World Oil Price Case

High 1.03 0.84 1.04
(-2.0%) (2.2%)
Low 1.03 0.48 0.66
(-7.4%) (3-2%)
Economic Growth Case
High 1.03 0.70 0.89
(-3.8%) (2.4%)
Low 1.03 0.71 0.89

(8.7%) (2.3%)

Oll & Gas Recovery Case

High 1.03 0.73 0.96
(B4%)  (2.8%)
Low 1.03 0.70 0.82

(3.8%)  (1.6%)

Growth Factors

Reference Case 0.889 1282
World Qil Price Case

High 0.816 1.238

Low 0.466 1.375
Economic Growth Case

High 0.680 1.271

Low 0.689 1.254
Oil & Gas Recovery Case

High - 0.709 1.315

Low - 0.680 117

Source:  Supplement to the Annual Energy Cutlook - 1993
Energy Information Administration
U.S. Department of Energy



the entire system to yield a set of projected tonnages for
the years 2000 through 2010. The process was repeated for
each of the six DOE scenarios. The results appear in table
2 - 29. These rates show a significant decline in
production and traffic between 1990 and 2000. In contrast,
tonnage in the year 2010 shows a significant recovery from
traffic levels in the year 2000. The relatively high rate
of growth for the recovery period 2000-2010 in large
measure reflects the effect relatively low growth rate for
the period 1990-2000. The percent change in traffic for
the period 1990 through 2010 is small. For projected
traffic in the years 2020 and beyond, the average annual
rate used to grow traffic was based on the 20-year period
1990 through 2010 rather than the 10-year period 2000
through 2010.

PROJECTICNS OF PETROLEUM PRODUCTS TRAFFIC
Background

In 19%0, over 6 million tons of petroleum products
transited the IHNC, representing a quarter of total lock
tonnage and nearly three quarters of all petroleum products
traffic on the segment of the GIWW between Mobile, Ala. and
New Orleans, La. WCSC reported that nearly 20 percent
(23,046 million tons) of all waterborne traffic in
petroleum products nationwide used the GIWW from the
Mississippi to Sabine Rivers. Petroleum products therefore
constitute an'important component of system traffic.

Petroleum products as a category represents an aggregate of
the following commodity groups: gasoline; Jet fuel;
kerosene; distillate fuel o0il; residual fuel oil;
lubricating o¢il and greases; naphtha and petroleun
solvents; asphalt, tars and pitches; coke and petroleum
coke; liquefied gasses and other petroleum and coal
products. Most of these commodities are produced by
refineries that are located in or near Pascagoula, Miss.
and Corpus Christi, Tex. and along the Lower Mississippi
River, including New Orleans, LA.

Projections of Petroleum Products Traffic

Projections of waterborne traffic associated with petroleum
products reflect future levels of product consumption which
are expected within those regions of the U.S. that
currently receive petroleum products shipped through the
IHNC. Future energy consumption by commercial, industrial,
residential, transportation and utility sectors of specific
regional economies was estimated by the Department of
Energy in its Supplement to the Annual Energy Cutloock (AEQ)
which was published in 1993. 1In using the AEO projections,



Table 2 - 29

Projected Crude Petroleum Traffic
(In Thousands of Short Tons)

Annual

Growth Projection Years
Projection 1990- 2000- :
Scenario 2000, 2010 1990 2000 2010 2020 2030 2040 2050 2060
IHNC Lock Traffic
Reference -3.7% 25% 2291 1578 2,024 1,902 1,787 1,680 1,579 1,484
Qil Price - High 20% 22% 2291 1869 2314 2326 2338 2350 2362 2374
Qil Price - Low -7.4% 3.2% 2,291 1,068 1468 1,175 941 753 603 482
Econ Growth- High -3.8% 2.4% 2291 1,558 1,980 1,841 1,711 1,591 1,479 1,375
Econ Growth - Low -3.7% 23% 2291 1578 1,979 1,840 1,710 1,590 1,478 1,374
O/G Recovery-High -34% 2.8% 2291 1,624 2,136 2,062 1,991 1,923 1,857 1,793
O/G Recovery- Low -38% 1.6% 2291 1,558 1,824 1628 1453 1,206 1,157 1,082
Systern Traffic
Reference 37% 25% 15286 10,532 13,502 12,690 11,926 11,209 10,535 9,901
Qit Price - High 20% 22% 15286 12,473 15442 15521 15600 15679 15,759 15,830
Oll Price - Low 74% 32% 15286 7,123 9,795 7840 6,276 5024 4021 32
Econ Growth- High 3.8% 24% 15286 10394 13,211 12,282 11,418 10615 9,869 9,175
Econ Growth - Low 3.7% 23% 15286 10,532 13,207 12,276 11,411 10607 9,859 9,164
O/G Recovery-High 34% 28% 15286 10,838 14,252 13,761 13,287 12,830 12,388 11,962

-3.8% 16% 15286 10,394 12,172 10,862 8649 7,718 6,887

O/G Recovery- Low

9,692




changes in the future regional consumption of petroleum
products were related to proportional changes 1in the
delivery of these commodities through the waterway mode.

The AEO contains estimates of current and future
consumption of gasoline, jet fuel, distillate fuel o0il,
residual fuel o0il, ligquefied petroleum gas and other
petroleum products expressed in BTUs. Furthermore, the AEQ
provides individual estimates for each of ten regions in
the United States, three of which receive petroleum
products that are part of system traffic. These three
regions are: South Atlantic (Alabama, Florida, Georgia,
Kentucky, Mississippi, North Carolina, South Carolina,
Tennessee), Southwest (Arkansas, Louisiana, New Mexico,
Oklahoma, Texas) and Midwest (Illinois, Indiana, Michigan,
Minnesota, Ohioc, Wisconsin). From the AEQC consumption
estimates for each commodity and region, growth factors
were calculated for the periods 1990 to 2000 and 2000 to

2010 which represent the Reference Case. These factors
were then applied to tonnages for individual commodity
movements. The growth factor that was applied to the

tonnage within an individual movement corresponded to the
region in which the destination port of the movement is
associated. Finally, a set of growth factors were derived
for each of three macroeconomic cases that appear in the
AEO: the 0il Price Case, the Economic Growth Case and the
01l Recovery Case. As with the projections for coal and
crude, for each of these cases a high growth and a low
growth scenarioc was considered. The comprehensive set of
growth factors derived from the AEQ publication appears in
table 2 - 30. These growth factors were then multiplied
against base tonnages for all cases and for specific
movements in order to yield unconstrained tonnage estimates
for the system in the years 2000 and 2010. For project
years beyond 2010, the rates of traffic growth were held to
those prevailing in the year 2010. A summary of system
traffic and IHNC Lock traffic in petroleum products 1is
provided in table 2 - 31.

PROJECTIONS OF WATERWAY TRAFFIC IN OTHER COMMODITY GROUPS
Background

Together, c¢oal, crude petroleum and petroleum products
accounted for nearly 72 percent of total IHNC Lock traffic
in 1990. The remaining 28 percent of lock traffic falls
among seven commodity groups: farm products, metallic ores
and products, non-metallic minerals and products, forest
products, industrial chemicals, agricultural chemicals and
miscellaneous cargo. Because coal is not a major component
of traffic on the Mississippi River to Sabine River segment
of the GIWW, coal, crude and petroleum products constituted



Table 2 - 30

Petroluem Products

Growth Factors
Reference Case Gasoline Jet Fuel  Distillate Residual LPG Cther
19890 - 2000
South Atlantic 1.13 1.18 1.18 1.36 1.15 0.97
Southwest 1.14 1.31 1.17 1.24 1.28 0.95
Midwest 1.06 g i e 115 1.52 1.60 0.95
2000 - 2010
South Atlantic 1.11 1.27 1.16 1.04 097 1.00
Southwest 1.08 1.20 1.15 1.16 1.13 1.01
Michwest 1.02 1.09 1.04 0.76 1.04 1.01
High Qil Price Gasoline Jet Fuel Distillate Residual LPG Cther
1990 - 2000
South Atlantic 1.09 115 1.15 1.30 111 095
Southwest 1.10 1.28 1.15 1.20 1.20 0.83
Midwest 1.02 1.08 1.12 1.12 1.54 0.83
2000 -2010
South Atlantic 1.07 1.25 1.15 1.06 0.96 1.00
Southwest 1.05 1.19 113 1.16 1.11 1.01
Midwest 1.02 - 1.09 1.04 0.76 1.04 1.01
Low Qil Pricer Gasoline Jet Fuel Distillate Residual LPG Other
1990 - 2000 ,
" South Atlantic 1.19 1.23 1.25 2.58 1.23 1.01°
Southwest 120 - 137 1.29 1.36 147 0.99
Micwest 1.12 1.16 122 1.96 1.69 0.98
2000-2010
South Atlantic 1.15 1.28 1.23 0.99 099 1.00
Southwest 1.13 1:22 1.20 1.15 1.16 1.01
Midhwest 106 = 110 1.08 2.16 1.07 1.01
High Economic Growth Gasoline Jet Fuet  Distillate Residual LPG Other
1890 - 2000
South Atlantic 115 1.28 1.23 1.62 1.16 0.98
Southwest 1.16 1.42 1.22 1.28 1.30 0.95
Midwest 1.08 1.20 1.19 1.46 1.62 0.96
2000 - 2010
South Atlantic 1.14 1.35 1.19 0.80 098 1.01
Southwest 1.12 1.28 1.18 117 1.15 1.02

Midwest 1.05 1.16 1.08 0.6 106 1.02



Table 2 - 30

(Cont.)

Low Economic Growth Gasoline JetFuel Distillate Residual LPG Other
1990 - 2000

South Atlantic 1.11 1.08 112 1.15 1.14 0.95

Southwest 1.12 1.20 112 1.20 1.26 0.93

Midwest 1.04 1.02 1.10 1.39 1.57 0.93
2000-2010

South Atlantic 1.07 1.18 1.13 1.37 0.95 1.00

Southwest 1.05 102 1.1 1.14 1.09 101

Midwest 0.99 1.01 1.02 0.82 1.02 1.01

High Oil Recovery Gasoline JetFuel Distillate Residual LPG Other
1990 - 2000

South Atlantic 113 1.18 147 1.36 1.14 0.97

Southwest 1.14 1.31 1.17 1.24 127 095

Midwest 1.06 1.11 115 1.41 1.59 0.95
2000-2010

South Aflantic 1.10 1.27 1.156 1.03 0.96 1.01

Southwest - 1.08 T.21 1.14 1.16 111 1.01

Midwest 1.01 1.09 1.04 0.94 1.04 1.01

Low Oil Recovery Gasoline JetFuel Distilate  Residual LPG\ Other -
1990 - 2000

South Atlantic 1.13 1.18 117 137 1.16 0.97

Southwest 1.14 1.31 147 1.24 1.30 0.95

Migwest 1 .06 1.11 115 1.34 1.60 0.95
2000 - 2010

South Atiantic 1.1 1.26 1.16 1.04 0.98 1.00

Southwest 1.08 1.20 115 1.16 1.15 1.01

Midwest 1.02 1.09 1.05 0.90 1.06 1.01

Source: Supplement to the Annual Energy Outlook - 1993
Energy Information Administration
U.S. Depariment of Energy
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Table 2 - 31

Projected Petroleum Products Traffic

(In Thousands of Short Tons)
Annual
Rate of Growth Projection Years
Projection 1990- - 2000-
Scenarlo 2000 2010 1980 2000 2010 2020 2030 2040 2050 2060
THNC Lock Traffic
Reference 1.5% 1.0% 6001 6963 7683 8521 9497 10641 12106 13571
Cil Price - High 11% 09% 6001 6722 7,338 8,046 8862 9806 10987 12,167
Qil Price - Low 34% 1.0% 6,001 8415 9311 10421 11839 13,736 17,185 20633
Econ Growth- High 21% 08% 6001 7359 7964 8812 9938 11398 13506 15613
Econ Growth - Low 1.0% 1.2% 6001 6607 7434 8455 9728 11330 13,663 15995
O/G Recovery-High 15% 09% 6001 6955 7,637 8427 9346 10,420 11,786 13,151
O/G Recovery- Low 15%  1.0% 6001 8982 7718 8575 9573 10,741 12234 13,727
System Traffic
Reference 1.1% 09% 23512 26333 28,794 31634 34912 38,696 43444 48,192
Qil Price - High 22% 11% 23512 29,187 32596 36857 42447 50304 66443 825~
Qil Price - Low 08% 08% 236512 25536 27,692 30,159 32984 36,222 40233 44/
Econ Growth- High 12% 09% 23512 26367 28,901 31811 35612 39,026 43,863 48,7uv
Econ Growth - Low 11% 09% 23512 26291 28,714 31489 34,675 38340 42903 47466
O/G Recovery-High 08% 08% 23512 25429 27,580 30,083 33,019 36489 41,042 45595
O/G Recovery- Low 15% 1.0% 23512 30,114 33,605 37818 42884 49573 56,261

27,240
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only 58 of traffic on this segment of the system in 1990.
However, among the remaining commodities on the GIWW-West,
industrial chemicals represented over 17 percent of total
traffic. 1In fact, the movement of industrial chemicals on
this segment of the GIWW accounted for 37 cof all inland
movements of this commodity in the United States,
reflecting the extensive presence of the petrochemical
industry in southern Louisiana and Texas.

Projections of Traffic in Other Commodities

Projections of system traffic for the commodity groups
listed in the preceding paragraph were adapted from
projections of U.S. inland waterway traffic, by commodity
group, that were prepared by a number of public and private
agencies and published in the Institute for Water Resources
(IWR) report The 1992 Inland Waterway Review. Since the
level of traffic among the remaining commodities were minor
compared to the groups previously considered, projected
traffic for these commodities can be derived through the
use of national-level projections. For the exception,
industrial chemicals, which showed significant volumes, it
was appropriate to use national-level projections since
system traffic represented over 37 percent of total U.S.
traffic for this commodity. Projected tonnages in these
seven groups were made for the years 2000 and 2010. Table
2 - 34 shows both the tonnage estimates and the associated
annual growth rates for these commodities. The growth
factors corresponding to the annual growth rates displayed
in table 2 - 32 were applied to the 1290 base tonnage to
vield estimated system tonnage for the same years. For
succeeding years, the growth factor associated with the
period 2000 to 2010 was carried forward.

Projections of marine shell (a component of the miscella-
neous commodity group) was an exception. Over the 1980 to
1990 period, marine shell represented between 3 and 4
percent of system traffic. However, a state regulatory ban
on the dredging of clam shell in Lake Pontchartrain and the
rapid exhaustion of oyster shell resources in the
Atchafalaya Bay will cause waterway traffic to fall to zero
by the year 2000. Therefore, tonnage for this commodity
group was set to zero over the entire project life. High
and low traffic scenarios were prepared for each of the
seven commodity groups. The growth factors associated with
the scenarios were based on the high and low tonnage
projection scenarios that were identified in The 1892
Inland Waterway Review mentioned above. Tonnages and
growth rates for the low and high scenarios appear in
tables 2 - 33 and 2 - 34, respectively. For marine shell,
the preparation of a low scenario was unnecessary. The
high scenario for marine shell was based on a more gradual



Table 2- 32

U.S. Inland Waterway

Commodity Movements
Commodity Movements
Commodity Group (In Millions of Short Tons) Annual Growth Rate
1990to 200010
1990 2000 2010 2000 2010
Farm Products 83.1 : 102.3 123.5 21% 1.9%
Metallic Ores
And Products 16.2 13.9 135 -0.9% -0.3%
Non-Metallic
Minerals and Products 76.0 79.9 84.0 0.5% 0.5%
Forest Products & Puip 21.2 249 27.0 1.6% 0.8%
Industrial Chemicals 34.7 45.8 54.2 2.8% 1.7%
Agricultural Chemicals 129 17.4 20.1 3.0% 1.5%
All Other Commodities
Non-Shell » 23.2 20.8 223 -1.1% . 0.7%
)\

Sources: 1. Data Resources (DRI).

2. WEFA Group (formerly Whartén and Chase Econometrics).

3. U.S. Department of Agriculture (USDA).

4. U.S. Department of Energy (DOE).

5. Various trade associations.

*
1



Table 2 - 33

U.S. Inland Waterway

Commodity Movements

Low Growth Scenario

Commodity Movements
Commodity Group {In Millions of Short Tons) Annual Growth Rate

' 1990 to 2000 to
1990 2000 2010 2000 2010
Farm Products 81.6 94.7 109.9 1.5% 1.5%
Metallic Ores |
And Products. 14.1 13.5 12.1 -0.4% -1.1%
Non-Metaliic .
Minerals and Products 69.9 69.4 71.5 -0.1% 0.3%
Forest Producis & Pulp 20.6 22.7 233 1.0% 0.3%
Industrial Chemicails 33.3 39.4 439 1.7% 1.1%
Agricultural Chemicals 123 157 16.1 2.5% 0.3%
All Other Commodities ;
Non-Shell 220 . 17.4 156 ' 2.3% . -1.1% -

Sources: 1. Data Resources (DRY). |

2. WEFA Group (formerly Wharton and Chase Econometrics).

3. U.S. Department of Agriculture (USDA).
4, U.S. Department of Energy (DOE).
5. Various trade associations.

.



Table2-34

U.S. Inland Waterway

Commiodity Movements
High Growth Scenario
Commuodity Movements
Commodity Group . _{In Millions of Shoort Tons) Annual Growth Rate
1990to 2000 to
1990 2000 2010 2000 2010
Farm Products 869 . 1120 135.2 2.6% 1.9%
Metallic Ores |
And Products 17.2 : 17.0 16.6 -0.1% -0.2%
Non-Metallic
Minerals and Products 77.5 i 819 86.1 0.6% 0.5%
Forest Products & Pulp 244 P 264 29.2 0.7% 1.1%
Industrial Chemicals 357  50.3 66.2 3.5% 2.8%
Agricultural Chemicals 144 20.1 234  34% 15%
All Other Commodities

Non-Sheill 24.9 267 28.6 0.7% 0.7%

e
1

Sources: 1. Data Resources (DRI).
2. WEFA Group (formetly Wharton and Chase Econometrics).
3. U.S. Department of Agriculture (USDA).
4. U,S. Department of Energy (DOE).
5. Various trade associations.

E - 64



depletion of shell resources, reflected by a 71 percent
decline in tonnage from 1990 to 2000 but falling to zero in
the year 2010. Under the high scenario, future clam shell
traffic originating from Lake Pontchartrain remains zero.

Projections for both system traffic and IHNC lock traffic
under the base case and under the high and low scenarios
for the seven commodity groups are presented in table 2 -
35. Tonnage projections for marine shell by year and
scenario for the lock and the system are presented in table
2 - 36.

PROJECTIONS OF COMBINED TONNAGE

Tonnage estimates for total IHNC lock traffic for each of
the projection years under the Reference Case were prepared
by summing the projected tonnages for all commodity groups.
Thesée totals appear in table 2 - 37. [Note: Specific
tonnage estimates for this and successive tables were
generated in other than a spreadsheet environment and may
differ from those presented in earlier tables due to the
cumulative effects of rounding.]

Projections of total IHNC lock traffic for low and high
scenarios were compiled in a similar manner. For coal,
crude petroleum and petroleum projects, the low and high
scenario tonnages were defined as the lowest and highest
tonnages prevailing among the six scenarios constructed by
the DOE. The lowest traffic Ilevels for c¢oal, crude
petroleum and petroleum products are suggested by DOE's
High 0il and Gas Recovery Case, Low World 0Olil Price Case
and High World 0il Price Case, respectively. The highest
traffic levels for coal, crude petroleum and petroleum
products are represented by DOE's Low 0il and Gas Recovery
Case, High World 0il Price Case and Low World 0il Price
Case, respectively.

For the remaining commodity groups, the low and high
scenario tonnages correspond to the low and high scenarios
that were defined in The _1992 Inland Waterw Review.
Total 1lock tonnages by year under the low scenario is
presented in table 2 - 38. Total lock tonnage by year
under the high scenarioc appears in table 2 - 39.

Projections of total system traffic under the Reference
Case and low and high scenarios were prepared in an
identical manner to those for IHNC Lock traffic. Table 2
- 40 summarizes baseline system traffic. Table 2 - 41
presents system traffic under the low scenario while table
2 - 42 describes system tonnage under the high scenario.
Table 2 - 43 summarizes the average annual growth rates for
total IHNC Lock tonnage in addition to those for individual



Tabie 2 - 35

Projected Traffic in Other Commedities

Projection Years Growth Factors
1990 - 2000 -
Projection Scenario 1960 2000 2010 @ 2020 2030 2040 2050 2060 2000 2010
[HNC LOCK TRAFFIC (in Thotisands of Short Tons)
Baseline ? :
f-arm Products 560 689 832 1005 1213 1464 1768 2134 1.23 1.21
Metallic Cres & Mins. 1420 1299 1261 1225 1180 1155 1122 1090 0.91 0.97
Non-Metallic Mins. 2075 2181 2203 2411 2535 2665 2802 2945 1.05 1.05
Forest Products 179 210 228 247 268 291 315 342 1.17 1.08
Industrial Chemicals 1920 2534 2999 3549 4200 4970 5882 6960 1.32 1.18
Agricultural Chemicals 501 676 781 902 1042 1203 1390 1606 1.35 1.16
All Other (Non-Shell) 202 181 194 208 223 239 257 275 0.90 1.07
Low i s
Farm Products 560 650 754. 875 1016 1179 1368 1588 1.16 1.16
Metallic Ores & Mins. 1420 1360 1219 1092 979 877 786 705 0.96 0.90
Non-Metaliic Mins. 2075 2060 2122 2187 2253 2321 2391 2464 0.99 1.03
Forest Products 179 197 202 208 213 219 225 231 1.10 1.03
Industrial Chemicals C 1920 2272 2531 2820 3142 3501 3901 4347 1.18. 1.11
Agricultural Chemicals 501 639 656" 672 630 707 725 744 1.28 1.03
Ali Other (Non-Shelly 202 160 143 128 115 103 93 83 0.79 - 0.90
High )
Farm Products 560 722 871 1052 1270 1533 1850 2233 1.29 1.21
Metallic Ores & Mins, 1420 1403 1370: 1338 1307 1276 1246 1217 0.99 0.2
Non-Metallic Mins. 2075 2193 2305, 2423 2548 2678 2816 2960 1.08 1.0.
Forest Products 179 191 214! 240 268 300 336 375 1.07 1.12
Industrial Chemicals 1920 2705 3560: 4688 6167 8116 10882 14059 1.41 1.32
Agricuitural Chemicals 501 699 814’ 948 1103 1285 1495 1741 1.40 1.16
All Other {Non-Shall) 202 217 232, 249 266 285 305 327 1.07 1.07
SYSTEM TRAFFIC
Baseline . ; B TEE e
Farm Products 2368 2915 3519: 4249 5129 6,192 7475 9,024 ' 1.25 1.21
Metallic Ores & Mins, 5153 4712 4577 4445 4317 4,193 4,072 3,955 0.91. 0.97
Non-Maetallic Mins. 12,088 12,708 13,360: 14,046 14,767 15525 16,321 17,159 1.05 1.05
Forest Products 244 287 311: 337 365 396 430 466 1.17 1.08
Industrial Chemicals 11,830 15614 18,478' 21,867 25877 30,624 36,240 42,887 1.32 1.18
Agricultural Chemicals 2777 3746 4327 4998 5774 6670 7,705 8,901 1.35 1.16
All Other {(Non-Shall) 1,060 850 1,019: 1,092 1,171 1,256 1,346 1,443 0.90 1.07
Low f
Fam Products 2368 2,748 3,189. 3,701 4,295 4985 5785 6,713 1.16 1.16
Metallic Ores & Mins. 5,153 4934 4422: 3,963 3552 3,184 2854 2558 0.96 0.90
Non-Matallic Mins. 12,088 12,002 12,365 12,739 13,124 13,521 13,931 14,352 0.99 1.03
Forast Products 244 269 276 283 291 298 306 314 1.10 1.03
Industrial Chemicals 11,830 13,997 15596! 17,377 19,362 21,573 24,037 26,782 1.18 1
Agricultural Chemicals 2777 3545 3635 3728 3,823 3,920 4,020 4,122 1.28 1.03
All Other (Non-Shell) 1,060 838 752, 674 604 542 486 435 0.79 0.90
High ;
Farm Products 2368 3,052 3,684 4,447 5369 6481 7,823 9,443 1.29 1.21
Metallie Ores & Mins. 5153 5,093 4,973' 4856 4,742 4630 4521 4,415 0.99 0.98
Non-Metallic Mins. 12,088 12,774 13,429: 14,118 14,842 15603 16,403 17,245 1.06 1.0
Forast Products 244 261 292 ' 327 365 409 457 512 1.07 11z
Industrial Chemicals 11,830 16,668 21,937: 28,871 37,997 50,009 65,816 86,621 1.41 1.32
Agricultural Chemicals 2777 3876 4513. 5254 6,116 7,120 8,289 9,650 1.40 1.16
All Cthar (Non-Sheil) 1,060 1,137 1,218 1304 1397 1,496 1,603 1,717 1.07 1.07

E - 66



Table 2 - 36

Projected Traffic Growth
(In Thousands of Short Tons)

Traffic in Marine Shell

Projection Years
Commodity ,
Group 1980 2000 2010 2020 2030 2040 2050 2060
IHNC Lock Traffic
Reference 346 0 0 0 0 0 0 0
Low 346 I 0 0 0 0 0 0
High 346 100 - 0 0 0 0 0 0
System Traffic
Reference 762 o . 0 v 0 0 0 0
Low : 762 0 0 -0 0 .8 -+, 70, Q.
High . 762 21 - 0 0 6 0 4 0

E = 67



Table 2 - 37

Projected Traffic Growth
(in Thousands of Short Tons)
IHNC Lock Traffic
Reference Case
Projection Years
Commiodity
Group 1990 2000 2010 2020 2030 2040 2050 2060
Farm Products 560 689 = 832 1,005 1,213 1,464 1,768 2,134
Metallic Ores & Mins. 1,420 1,299 1,261 1,225 1,190 1,155 1,122 1,090
Coal 7,999 10,308 11,987 13,940 16,210 18,850 21,920 25,491
Crude ‘ 2291 1578 2024 1902 1,787 1,680 1579 1,484
Non-Metallic Mins. 2,075 2,481 2,293 241 2,535 2,665 2,802 2,945
Forest Products 179 210 . 228 247 268 291 315 342
industrial Chemicals 1,920 2534 ' 2,999 3549 4200 4970 5882. 6,960
Agricultural Chemicals 501 676 | 781 902 1,042 1203 1390 1,606
Petroleum Products 6,001 6,963 : 7,683 8,521 9,497 10,641 12,106 13,571
Miscellaneous 548 181 194 208 223 239 257 27

Total 23,494 26,619 30282 33910 38,165 43,158 49,141 55898

e

E — 68



Table 2 - 38

Projected Traffic Growth

(In Thousands of Short Tons)

IHNC Lock Traffic

Low Scenario

Commodity
Group

Projection Years

Fam Products
Metallic Ores & Mins.
Coal

Crude

Non-Metallic Mins.
Forest Products
Industrial Chemicals
Agricuitural Chemicals
Petroleum Products
Miscellanecus

Total

1990 2000 . 2010 2020 2030 2040 2050 2060
560 650 - 754 875 1,016 1,179 1368 1,588
1420 1360 @ 1219 1,092 879 877 786 705
7999 8,199 9554 11,132 12971 15114 17,611 20,521
2291 1,068 1468 1,175 941 753 603 482
2,075 2,060 : 2122 2,187 2253 2321 2,391 2,464
179 197 202 208 213 219 225 231
1,920 2272 . 2,531 2,820 3,142 3,501 3,901 . 4347
501 639 © 656 672 690 707 725 744
6,001 6,722 - 7,338 8,046 8,862 9806 10,987 12,167
548 160 143 128 115 103 a3 83
23493 23,327 25987 28335 31,182 34580 38,690 43,332




Table 2 - 39

Projected Traffic Growth
(In Thousands of Short Tons)
IHNC Lock Traffic
High Scenario |
Projection Years

Commodity .
Group 1990 2000 2010 2020 2030 2040 2050 2060
Fam Products 560 722 871 1,052 1,270 1,533 1,850 2,233
Metaliic Ores & Mins. 1420 1,403 - 1370 1,338 1,307 1,276 1,246 1,217
Coal 7,999 10,320 12535 15225 18,491 22459 27279 33,132
Cruds 2,291 1,869 2,314 2,326 2,338 2,350 2,362 2,374
Non-Metallic Mins. 2,075 2,193 2,305 2,423 2,548 2,678 2,816 2,960
Forest Products 179 191 214 240 268 300 336 375
Industrial Chemicals 1,920 2,706 . 3,560 4,686 6,167 8,116 10,682 14,059
Agricultural Chemicals 501 699 : 814 948 1,103 1,285 1,495 1,741
Petroleum Products 6,001 8415 9311 10421 11,839 13,736 17,185 20,633
Miscellaneous 548 317 232 249 266 285 305 327

Total 23,493 38908 45507 54,018 65556 79,051

28,835 33526

E - 70



Table 2 - 40

Projected Traffic Growth
{In Thousands of Short Tons)

System Traffic

Reference Case

Projection Years

Commodity 7
Group 1990 2000 2010 2020 2030 2040 2050 2060
Farm Products 2368 2915 3519 4249 5129 6,192 7475 9024
Metallic Ores & Mins. 5153 4,712 = 4577 4445 4317 4,193 4072 3955
Coal 8,522 10,993 12,862 15049 17,607 20,600 24411 28222
Crude 15,286 10,532 13,502 12,690 11,926 11,209 10,535 9,901
Non-Metallic Mins. 12,088 12,708 ' 13,360 14,046 14,767 15525 16,321 17,159
Forest Products 244 287 . 311 337 365 396 430 466
Industrial Chemicals 11,830 15,614 :18478 21,867 25877 30,624 36,240 42,887
Agricultural Chemicals 2777 3,746 ' 4327 4998 5774 6,670 7,705 8901
Petroleum Products 23,512 26,333 28,794 31,634 34,912 38,696 43,444 48,192
Miscellaneous 1,822 950 | 1,019 1,092 1,171 1,256 1,346 1,443
Total 83,602 88,790 100,749 110,407 121,845 135360 151,979 170,149

E = #L



Table 2 - 41

Projected Traffic Growth
(In Thousands of Short Tons)
System Traffic
Low Scenario
Projection Years

Commodity
Group 1990 2000 2010 2020 2030 2040 2050 2060
Farm Products 2368 3052 3684 4447 5369 6481 78283 9443
Metallic Ores & Mins. - 5153 4,934 4422 3963 3552 3,184 2854 2558
Coal 8522 8,897 10415 12,192 14,272 16,706 19,807 22,908
Crude 15286 7,123 . 9,795 7840 6276 5024 4,02t 3219
Non-Metallic Mins. . 12,088 12,002 12365 12,739 13,124 13,521 13,931 14,352
Forest Products 244 269 . 276 283 201 298 306 314
Industrial Chemicals 11,830 13,997 :15596 17377 19362 21,573 24,037 .26,782
Agricultural Chemicals 2777 3545 - 3635 3,728 3,823 3920 4,020 4122
Petroleum Products 23512 25536 27,692 30,159 32984 36222 40,233 44,243
Miscellaneous 1,822 838 752 674 604 542 486 43F

Total 83,602 80,193 E88,6_32 93402 99,657 107471 117,518 128376

——



Table 2 ~ 42

Projected Traffic Growth
(In Thousands of Short Tons)
System Traffic
High Scenario
Projection Years
Commodity
Group 1990 2000 2010 2020 2030 2040 2050 2060
Farmm Products 2368 3,052 3,684 4447 5369 6,481 7,823 9,443
Metallic Ores & Mins. 5153 5,093 4973 4,856 4,742 4630 4521 4415
Coal 8,522 11,078 13,405 16,220 19,626 23,748 29,210 34,672
Crude ' 16,286 12,473 15442 15521 15600 15679 15759 15,839
Non-Metallic Mins. 12,088 12,774 13,429 14,118 14,842 15603 16,403 17,245
Forest Products 244 261 292 327 365 409 457 512
Industrial Chemicals 11,830 16,668 21,937 28871 37,997 50,009 65816 . 86,621
Agricultural Chemicals 2,777 3,876 - 4513 5254 6,116 7,120 8289 9,650
Petroleum Products 23,512 29,187 32,596 36,857 42,447 50,304 66,443 82,582
Miscellaneous 1,822 1358 1218 1,304 1,397 1496 1,603 1,717
Total 83,602 95,820 111,489 127,775 148,501 175,479 216,324 262,696

E = %3



Table 2-43

Summary of Annual Commodity Growth Rates
By Projection Scenario

IHNC Lock
Low Mid High
1990to 2000 to 1990 to 200010 1990 to 200010

Group 2000 2010 2000 2010 2000 2010
Farm Products 1.5% 1.5% 2.1% 1.9% 26% 1.9%.
Metallic Ores & Mins. -0.4% -1.1% -0.9% 0.3% -0.1% 0.2%
Coal 0.2% 1.5% 2.6% 1.5% 2.6% 20%
Crude _ -7.3% 3.2% -3.7% 2.5% -2.0% 22%
Non-Mstallic Mins. 0.1% 0.3% 0.5% 0.5% 0.6% 0.5%
Forest Products 1.0% 0.3% 1.6% 0.8% 0.7% 1.1%
Industrial Chemicals 1.7% 1.1% 2.8% 1.7% 35% - 28%
Agricuitural Chemicals 2.5% 0.3% 3.0% 1.5% 3.4% 1.5%
Petroleum Products 1.1% 0.9% 1.5% 1.0% 3.4% 1.0%
Miscellaneous -11.6% -1.1% -10.5% 0.7% -5.3% -3.19
Total Tonnage -0.1% 1.1% 1.3% 1.3% 2.1% 15%




commodity groups. These average annual growth rates are
also presented by growth scenario. For system traffic, the
average annual growth rates for each commodity group is
identical to theose for the IHNC Lock, with the exception of
petroleum products (see table 2 - 31 for a comparison).

PROJECTED DEEP-DRAFT TRAFFIC

OVERVIEW

As previously indicated, not all deep-draft traffic
desirous of lock service can Dbe accommodated by the
existing lock. Table 2 - 44 identifies the total, or
unconstrained, existing deep-draft lockage demand. The
derivation of this demand will be detailed in Section 8 of
this appendix.

Future unconstrained lockage demand has been developed
directly from the estimate of existing unconstrained
lockage demand. Existing unconstrained lockage demand has
been used as a base, with future unconstrained demand
calculated by applying a growth factor to the existing
level. As a result, future deep-draft lockages have been
estimated directly from the number of existing vessels
demanding lockage. Vessel trips and not tons were used as
the initial basis of demand projections for several
reasons. '

The tonnage actually- moving through the existing lock in
deep-draft vessels is quite low, making the relationship
between tonnage and actual lockages less direct. Vessels
are typically light-loaded or even empty, having discharged
cargo in one section of the port before transiting the lock
to reach the other section. This accounts for the low
load-to-capacity utilization for 1locking vessels. Low
utilization is also reflected in the unaccommodated portion
of existing demand.

The subset of wvessels that demand lockage 1s not a
representative cross-section of the overall population of
vessels calling at the vport. Projecting total port
throughput (tonnage) and then converting tonnage to vessel
trips is not the most direct or the most accurate way to
evaluate this subset of traffic. Because the subset is
only a very small portion of the total port traffic,
overall trends for the port could easily obscure any trends
associated with the smaller subset. Another consideration
for not projecting tonnage as an initial step in projecting
lock demand is that a significant portion of MR-GO traffic
and vessgsels demanding lockage are ultimately assoclated
with the Mexican/Caribbean/ Central American trade. Small
volume and restrictive channel drafts at the foreign end

E = 75



Table 2 - 44

Unconstrained Deep-Draft Lockage Demand
Lockages by Vessel Type and Deadweight Tonnage

(1991)
Deadweight Tonnage

{(1.000) Dry Buik General Cargo Container Total
3 0 110 0 110
3-10 1 3 0 4
10-20 4 20 2 26
20-30 16 0 23 39
30-40 20 0 3 23
40-50 4 0 0 4
45 133 28 206

E - 76



typify many of the ports associated with this trade. As a
result, the potential for changes in the fleet that makes
up lockage demand will be minimized as the future
deep—-draft vessel demand for lockage services is likely to
continue to be composed of relatively small vessels.

SCENARIOQO DESCRIPTION

Three separate lockage demand projections, representing
low, mid and high scenarios, were developed. These
scenarios made use of historical MR-GO and IHNC Lock
traffic trends along with econometric studies designed to
estimate the future velume of U.S. oceanborne trade. Each
scenario was developed and evaluated as a distinctly
separate condition, but was constructed with each of the
other scenarios in mind, with the explicit intent of
covering the reasonable range of possible outcomes.

Projections of U.S. oceanborne trade contained in the 1987
Maritime Administration (MARAD) publication, Forecasting

Trade and the Merchant Fleet were reviewed. These
projections represent a general indicator of the potential
growth in deep-draft activity. This MARAD study drew

significantly from the econometric study, Assegsment of
Maritime Trade and_ _Technology, conducted by Wharton
Econometrics for the Office of Technology Assessment. The
annual compound growth rates for U.3. oceanborne trade
projected in the Wharton study are summarized in table 2 -
45. The Wharton study projected trade by major commodity
type (general cargo, dry bulk, and liquids) and foreign
trade area (e.g. Latin America, Northern Europe). The
summary provided in table 2 - 45 displays the projected
compound annual growth rates by major commodity type for
each of the individual trading areas and an overall
composite for all trading areas.

The relevance of the projected growth rate for any
particular trading area to IHNC Lock deep~draft demand is
best reflected by the distribution of trading area traffic
proportions for the MR-GO. Latin America (Caribbean and
South America) represents the single largest aggregate
trading area for MR-GO deep-draft traffic accounting for
approximately 35 percent of total volume in 1991. Europe
and Asia represent the next largest areas accounting for 29
and 14 percent, respectively. In aggregate these three
regions account for approximately 78 percent of total MR-GO
deep—-draft traffic. The MR-GO weighted average composite
growth rate that 1is produced by using the 1991 MR-GO
relative trading region traffic shares and the 1990 to 2000
trading region projected growth rates is approximately 3.5
percent.
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Table 2 - 45
U.S. Oceanborne Trade
Annual Compound Growth Rates

Trade Region - General Cargo . Dry Bulk Liquids Total
imports . Exports Imports
1985-1990  1990-2000 1985-1990  1980-2000 1985-19%0  1990-2000 1990-2000 _ 1990-2000

Japan - 3.5 3.1 54 3.5 0.0 0.0 53 837
South Asia 43 71 7.2 7.2 2.1 2.0 5.5 6.1
C.P. Asia -9.7 5.2 ' 1.2 24 0.0 0.0 13 24
Oceania 0.0 2.3 15 0.4 - 15 28 25
U.K/N. Europe 3.7 2.1 19 23 31 2.6 2.7 25
Other Europe 5.1 2.8 ‘ 3.0 33 4.8 36 3.3 33
Latin America 3.1 25 6.0 5.9 14 1.2 32 a5
Middle East 2.9 2.0 5.8 5.9 1.4 1.2 29 3.1
Africa 3.7 25 52 ‘53 15 1.2 2.6 26
Overall 4.8 3.3 4.6 45 1.8 1.6 36 36

Source: Wharton Econometrics



In conjunction with the econometric study, trends in MR-GO
traffic wvolume and IENC Lock deep-draft vessel lockages
were analyzed. Over the last ten vyears of record,
1983-1992, MR-GO deep-draft tonnage has increased from 4.1
million tons in 1983 to 5.1 million tons in 1992. However,
the average for the period was approximately 5.5 million
tons annually with no discernible trend. Over the same
period, deep—draft lockages through IHNC Lock have declined
from 195 to 156 while averaging approximately 169% lockages
per year. While statistically significant at a high degree
of confidence (95 percent), the trend line does a modest
job of predicting lockages, explaining slightly less than
50 percent of vear to year fluctuations.

Because the growth patterns suggested by the econometric
study are not supported by recent MR-GO or IHNC deep-draft
traffic activity, the econometric study results were viewed
as inappropriate to represent a mid or most probable
scenario. However, given the long term requirement of the
projection process and the prior periods of sustained
significant MR-GO growth, the econometric study results do
represent, at a minimum, a legitimate upper bound estimate
of the potential for future MR-GO\IHNC traffic. As such,
the growth projected in the econometric study was selected
to represent the high growth traffic scenario.

The specific value selected to represent the high growth
scenario was the 1990 to 2000 overall composite rate for
all trade regions. Given the similarity of the MR-GO
weighted average rate (3.5 percent) with the econometric
model composite average for all trading regions (3.6
percent), the single composite average for all regions was
selected for use with all MR-GO traffic. This rate was
held constant throughout the projection period.

Determination of the reasonable lower bound traffic
activity, representing the low growth scenario, was
considered next. Selection of the low growth rate(s) were
significantly influenced by recent historical traffic.
Past volume in deep-draft vessel lockages at the IHNC Lock
has showed a modest, but statistically significant decline
over the last 10 years, while MR-GO deéep-draft tonnade has
shown no statistically significant trend over the period.
Continuation of the recent no growth historical pattern was
selected to represent the low growth scenariec. 2As such,
future activity was held constant at current 1991 levels
throughout the projection peried.

Taking the midpoint growth rate between the high and low
growth scenarios produced a annual growth rate of 1.8
percent. This midpoint rate of 1.8 percent was used to



represent the mid growth scenario and was held constant
throughout the projection period.

Table 2 ~ 46 summarizes the compound annual growth rates
associated with each scenario. As previously stated each
scenario makes use o©f a constant rate throughout the
duration of the projection period.

PROJECTED UNCONSTRAINED LQOCKAGE DEMAND

Application of the mid growth scenario rates to the
existing unconstrained lockage demand (displayed in table
2 — 44) produces the projected future unconstrained lockage
demand. These values are presented in table 2 - 47. The
projected values are displayed by vessel type and size in
ten year increments over the projection period. Tables 2
- 48 and 2 - 49 display the same information for the low
and high growth scenarios, respectively. Table 2 - 50
aggregates total unconstrained lockage demand for all
vessel types and sizes by year for each of the growth
scenarios.

E - 80



Table 2- 46

Unconstrained Deep-Draft Lockage Demand
Annual Compound Growth Rates

Scenario Summary
Period Low Mid High
1991-2000 0.0 1.8 36
2000-2060 0.0 1.8 36
1991-2060 0.0 1.8 3.6

B = 8l



Table 2 - 47

Unconstrained Projected Deep-Draft Lockage Demand

Lockages by Vessel Type and Deadweight Tonnage

(Mid Growih)
DWT
(1,000) 1991 2000 2010 2020 2030 2040 2060
Dty Buik:

0-10 _ 1 1 1 P 2 2 3
10-20 4 5 6 i 8 10 14
20-30 16 19 23 27 32 38 55
30-40 20 24 28 34 40 48 69
40-50 4 5 6 7 8 10 14
Total 45 54 64 77 a0 108 155
General Cargo:

3 110 129 154 184 220 263 376

3-10 3 4 4 5 6 ~ 10
10-20 ' 20 24 28 - 34 40 .48 69
Total 133 157 186 223 266 318 455
Containers:

0-10 0 0 0 0 0 0 0
10-20 2 3 3 4 5 6 8
20-30 23 27 32 39 46 55 79
30-40 3 4 4 5 6 7 10
Total 28 34 39 48 57 68 97




Table2-48

Unconstrained Projected Deep-Draft Lockage Demand

Lockages by Vessel Type and Deadweight Tonnage

(Low Growth)

DWT
(1,000} 194 2000 2010 2020 2030 2040 2060
Dry Bulk:

0-10 1 1 1 1 1 1 1
10-20 4 4 4 4 4 4
20-30 16 16 16 16 16 16 16
30-40 20 20 20 20 20 20 20
40-50 4 4 4 4 4 4 4
Total 45 45 45 45 45 45 45
General Cargo:

3 ' 110 110 110 110 110 1-10 110
3-10 3 3 3 : 3 3 3 3
10-20 ' 20 20 20 20 20 20 20
Total 133 133 133 133 133 133 . 133
Containers:

0-10 0 0 0 0 0 0 0
10-20 2 2 2 2 2 2 2
20-30 23 23 23 23 23 23 23
30-40 3 3 3 3 3 3 3
Total 28 28 28 28 28 28 28
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Table 2 - 49

Unconstrained Projected Deep-Drait Lockage Demand

Lockages by Vessel Type and Deadweight Tonnage

(High Growth)
DWT
{1,000) 1991 2000 2010 2020 2030 2040 2060
Dty Bulk:

0-10 1 1 2 3 4 6 12
10-20 4 6 8 11 16 23 46
20-30 16 22 31 45 64 91 184
30-40 ' 20 28 39 56 79 113 230
40-50 4 6 8 11 16 23 46
Total 45 63 88 126 179 256 518
General Cargo:

3 110 151 215 307 437 622 1263

3-10 3 4 6 8 12 17 34
10-20 20 28 39 56 79 113 230

“Total 133 183 260 371 - 528 752 1527
Containers:

0-10 0 0 0 0 0 0 0
10-20 2 3 5 i 10 14 28
20-30 23 32 45 64 91 130 264
30-40 3 4 6 8 12 | i 34
Total 28 39 56 79 113 161 326
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Table 2 - 50

Unconstrained Projected Deep-Draft Lockage Demand

Total Lockages
Scenario Summary
Scenario 1991 2000 2010 2020 2030 2040 2060
Low 206 206 206 206 206 206 206
Mid 206 245 289 348 413 494 707
High 206 285 404 576 820 1168 2371




SECTION 3 ~ SYSTEM ANALYSIS

INTRODUCTION

A system approach 1s required to evaluate the National
Economic Development (NED) benefits of potential navigation
imprevements to the Gulf Intracoastal Waterway Systen.
This analytical approach explicitly recognizes that
individual locks are only components in a complete
navigation system, and that alterations of the traffic
processing characteristics of specific components will have
impacts throughout the navigation system. The General
Equilibrium Model described below i1s used to perform the
systems analysis.

GENERAL EQUITLIBRIUM MODEL RATTONALE AND METHODOLOGY

The General Equilibrium Model (GEM) is used to evaluate the
existing conditions, the future withdéut-project conditions,
and the future <conditiens with alternative system
configurations in effect. GEM is a tool used for the
economic evaluation of ©potential changes to various
components of a navigation system. The model estimates the
total transportation costs, including congestion costs,
incurred by individual movements desirous of using all or
portions of a navigation system. System transport costs
for these individual movements are then compared to the
total transport costs of that movement via the least-cost
alternative mode or alternative non—system water route. If
the alternative means of transport has lower costs than
water system transport for a given movement, then that
movement is presumed to be diverted from the navigation

system to the alternative mode/non-system route. This
potential movement enjoys no transport cost reductions
resulting from the navigation system. Conversely,

movements enijoying less costly transportation on the
navigation system are presumed to use the navigation
system, realizing net savings of the difference between the
costs of system transport and the next least -costly
alternative means of movement. The sum of all these
transportation costs savings represents the total resource
savings to the WNation attributable to the navigation
system.

The navigation system transport costs are dependent on
three general classes of parameters: first, the operating
characteristics of waterway carriers and shippers; second,
the operating characteristics of the navigation system
itself; and, third, the ©physical traffic carrying
capacities of the components of the navigation system. For
the purposes of this study, the first two parametric
classes are assumed to be fixed through time. This



analytical effort focuses exclusively on the impact on the
levels of navigation system transport costs of carrying
capacity constraints at system locks.

For a given level of traffic, the greater the carrying
capacity of the navigation system the lower the total unit
transport costs. This is a consequence of decreased levels
of congestion in the system, allowing potential movements
quicker and more efficient transport from origin to
destination. Hence, the navigation system transportation
costs of individual movements are explicitly dependent on
total system traffic. In other words, individual movement
system transportation costs depend not only on the
economics of each individual movement, but also on the
levels of congestion on those portions of the
transportation system used by each individual movement.
The levels of congestion for each component of the
navigation system are increasing functioens of the total
volume of traffic processed by each component ¢f the
system.

Each individual potential system movement 1s assumed to
transit the navigation system if, and only if, it has
economic incentive to do so. Here, economic incentive to
use the navigation system means that a movement is assumed
to use the navigation system if system transport provides
the least cost total transportation costs including the
congestion  costs resulting from carrying capacity
constraints.

The total real costs of shipping any gilven movement via
alternative non-system means of transportation are assumed
to be constant through time. Explicitly modeling the costs
of alternative modes of transportation is beyond the scope
of this study. In order to reduce the size of the GEM
problem to be solved, only those system locks that could
possibly sustain significant increases in levels of
congestion are explicitly included in the model.
Consequently, the 1200 ft x 110 ft Leland Bowman Lock,
which was placed into service in 1985, is excluded from the
model because proijected traffic at this location is not
expected to cause significant changes in system congestion
costs at any time during the planning horizon. This allows
traffic using only this structure to be eliminated from the
direct system modeling and reduces the size of the GEM
problem with minimal distortion of the analytical results.

The input requirements of the GEM model are as follows:
a. Individual Movement Data: For individual

potential system commodity movements, this input requires
a waterway routing vector (indicating which system locks



the movement will transit if it utilizes the navigation
system), the annual volume of the movement measured in
kilotons (ktons), the gross transportation cost savings of
the movement (defined as the difference between the total
uncongested system transportation costs and the total
trangsportation costs of the next least costly non-systen
alternative means of transit for that movement), and an
indication of whether or not alternate system water
routings are possible.

b. Congestion Costs: Costs per kton per hour of
delay for each commodity movement at each system lock
transited are inputs required by the GEM model. The model
allows these costs to be input by aggregated commodity
groupings for each system lock.

¢. Lock Delay Parameters: Capacity in annual ktons
and expected delay in hours per ton at 50 percent
utilization for each lock in the system are required by the
model. For solution, the model requires that delay be an
monotonic nondecreasing function of tonnage. The
configuration of the delay function used in the model is:

D=k*T/ (C- T)Y; where

D = delay per ton in hours; k = delay per ton in hours at
50% utilization of capacity; T = annual lock tonnage; and
C = annual lock capacity in tons.

To use this formulation, Capacity (C) and expected delay at
50 percent utilization (k), for each lock in the system,
are required input parameters.

Qutput from the GEM model includes total system
transportation costs including congestion costs, expected
delay times at each modeled system lock, annual tonnages
moved through each lock, and the net system transportation
cost savings for each movement. The net system
transportation cost savings are defined as the
transportation resource cost savings attributable to the
navigation system for that movement accounting for the
effects of system congestion on system transportation
costs.

Benefits for navigation projects consist of two distinct
compenents: first, transportation resource cost savings to
existing system traffic from reduced levels of systemic
congestion; and, second, transportation savings over an
alternative means of transport for movements now induced to
utilize the navigation system because of the reduced total
transportation costs. This idea is graphically
demonstrated in Figure 3 - 1. The demand curve DD shows
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for each potential ton of commerce the difference between
system total transportation costs (with no congestion
costs) and the total costs of movement via the next least
costly alternative non-system means of shipment. This
difference is termed the gross cost savings of that ton's
potential movement via the waterway system. The curve S0
represents the congestion costs incurred by each movement
as different levels of tonnage transit the system. It is
upward sloping to represent the notion that as more tons
pass through the navigation system, greater levels of
congestion occur, and, consequently, higher unit costs of
transportation are incurred by each ton transiting the
system. The system equilibrium congestion cost is given at
P with tonnage of T actually transiting the system. All
tonnage to the "left" of T find it still cheaper to move on
the system than by the next cheapest altgrnative means,
whereas all tonnage to the "right" of T find it
economically more advantageous to use some non-system
alternative. Hence, in equilibrium, T tons will pass
through the lock and incur delay costs of P dollars.

Now, consider the impact of a system change {(such as the
installation of a new lock chamber at one lock) on the
level of system traffic and shipping costs. Figure 3 - 2
illustrates the effect of the change and the measurement of
resulting benefits.

The provision of the new chamber increases the carrying
capacity of the system and reduces the unit cost of
congestion for any given level of system traffic. The
curve labeled S1 depicts the with-project relationship
between system traffic levels and the reduced with-project
levels of congestion. The new equilibrium level of traffic
increases from T0 to Tl, with a reduction in congestion
costs due to the improvement from PO to Pl. The resulting
benefits for this system change may be broken into two
components: (1} the cost savings on the pre-improvement
level of traffic, T0 x (PO ~ Pl) (the shaded area to the
left of TO0); and (2) the benefits to the new traffic that
can now move on the waterway, [(Tl - T0) x (PO - Pl}] (the
shaded triangle to the right of TO0).

The difference in the total transportation costs between
with and without-project conditions represents the NED
benefits of the proposed inland navigation improvement.

The important analytical assumptions employed in this
analysis are:

{a) Movements will divert from the waterway when the
total system transport costs including expected congestion
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costs exceed the total costs of shipment via a non—system
alternative means; and

(b) The expected levels of delay and traffic for each
component for the system must be logically consistent with
the delays and traffic computed for all other components in
the system. This requires that the equilibrium calculation
at all system locks take place simultaneously.

DATA REQUIREMENTS AND SOURCES
COMMODITY MOVEMENT DATA BASE

a. Transportation Cost Analysis: The benefits of a
navigation improvement are computed as the difference
between the transportation costs to the shipper by the
various modes available to the shipper, hence the
determination of transportation costs is o©of the highest
importance in this economic¢ study.

In brief, this process involved the development of
transportation costs for a sample of movements which
traveled any portion of the waterways within the defined
system and represented a wide cross section of system
movements.

The transportation c¢osts were then expanded to the
population of movements. This entailed several levels of
matching sample movements to population movements based on
common attributes. When a match occurred, the
transportation costs associated with the sample movement
would be applied to the population movement.

A more detailed discussion of the procedures and methods
used in this analysis is contained in Section 4 of this
appendix.

b. Reconciliation of LPMS and WCSC: The two primary
data sources used in the analysis of inland traffic are the
Lock Performance Monitoring System (LPMS) database and the
WCSC database. Each of these two databases is essential in
evaluating the systems economics of traffic flows because
each provides necessary information that is not a feature
of the other. LPMS provides information concerning the
physical characteristics of lock operations and tow
configurations, while WCSC provides origin-destination and
route information.

Each data source provides information that allows for the
determination of traffic wvolume through each lock in the
system. These traffic wvolumes at any given lock are
invariably different, with WCSC volumes historically below



LPMS wvolumes, This difference 1is due primarily to the
manner in which each is collected. WCSC data is submitted
to the Center £rom the shippers. Despite the legal
requirements of shippers to report to WCSC, the Center must
rely, to a significant extent, on the efforts of industry
to provide complete reporting. Given the vastness of the
inland transportation system, a certain element of
underreporting is to be expected. LPMS data, by contrast,
are collected at each lock from every user and therefore
are, at least, not subject to errors introduced into WCSC
data because some shippers fail to report. However, being
in a position to record all movements does not alone insure
the accuracy of LPMS traffic volumes as will be seen in
subsequent discussion.

Table 3 - 1 provides a comparison of LPMS and WCSC total

tonnages at each modeled lock for the year 1990. As 1is
readily obvious, there were some significant differences
between the data sources. In addition to apparent

significant WCSC underreporting at Bayou Sorrel, Algiers,
Baycu Boeuf and Calcasieu (25.3, 20.0, 16.0 and 14.8
percent respectively), WCSC traffic at Port Allen exceeded
the LPMS totals. In order to have a reliable traffic base
that can be used as a starting point in the economic
modeling effort, these significant differences in the two
data sources first had to be reconciled to insure an
accurate and consistent set of model inputs.

Before proceeding with a description of the procedure
employed to reconcile the two data sources, it would be
useful to describe the overall objective of the
reconciliation process. Owing to the fact that WCSC
contains origin-destination information necessary for rate
assignment, WCSC must be the foundation of the base year
traffic. As such, the objective of the reconciliation
process was to establish a target tonnage value at each
lock and then make adjustments, as necessary, to the WCSC
data in an attempt to hit the target values. AdJjustments
typically take the form of adding constructed movements to
the WCSC data in an effort to account for underreporting.

Initial efforts to reconcile LPMS and WCSC focused on the
locks where WCSC was significantly lower than LPMS.
Investigation of these locations revealed that
underreported WCSC traffic was not the only factor at work.
At Bayou Sorrel, a comparison of the reported LPMS average
load per barge by commodity group with the WCSC average
load per barge revealed that the 1I1IPMS loads were
consistently and significantly higher. The explanation for
this condition is in the fact that the exact load is not
always known by the carrier. When tonnage 1is unknown,
estimates are, submitted at the lock. Estimation of this



Table 3-1

Comparison of 1990 WCSC and LPMS Tonnage

(Thousands of Tons)
LPMS - WCSC

as a Percent
Lock WCSC LPMS of PMS
Port Allen 28,210 27,565 -2.3
Bayou Sotrel 27,781 37,168 25.3
IHNC 22,723 23,414 3.0
Algiers 19,856 24,819 20.0
Harvey 3,538 3,612 2.0
Bayou Boeuf 23,200 27,628 16.0
Calcasieu 39,450 14.8

46,301




type introduces the potential for error, especially when
less than a full barge load is involved. At Bayou Sorrel
this situation was in evidence. The systematic
overestimation of loads, when exact loads were unknown,
resulted in an overstatement of the recorded LPMS tonnage.

To address this situation, and to generate a reasconable
target tonnage estimate, a convention was adopted that took
advantage of the strength of each data source. Because of
the manner in which it is collected, the LPMS barge count
is considered to be more accurate than WCSC since LPMS is
not subject to underreporting. WCSC on the other hand, is
much less likely to be subject to load misstatement since
this reporting is handled directly by the shipper with the
full advantage of all relevant documentation. By taking
the LPMS barge count by commodity group, and multiplying by
the WCSC commodity group average locad per barge, a
reasonable estimate of teotal tonnage can be made. The
adjusted tonnage estimate, the target tonnage, for Bayou
Sorrel using this procedure yielded 26,401,000 tons. For
Bayou Sorrel, the revision represents a 29.0 percent
reduction frem the original LPMS wvalue, but alsoc a
reduction from the original WCSC estimate, equal to 5.0
percent. This result was produced by the fact that the
WCSC barge count exceeded the LPMS barge count. This
development was related to the case of Port Allen where the
WCSC estimate exceeded the LPMS estimate.

Further detailed inspection of the two sources revealed a
problem with the WCSC data. The nature of this problem
involved the assignment of alt codes,. For particular
origin—-destination combinations, it is not possible to know
which lock(s) a movement used without the additional

information provided by the alt code. This condition
arises when the geography of the system provides for
multiple routes. Alt code information submitted to the

Center is not always accurate, because while it may be
provided as the originally intended route, the actual route
selected at times may change in transit. This condition
can occur especially if the diversion involves only a minor
change in route distance, or if unscheduled or unknown
repalrs or maintenance require that a lock be taken out of
service.

The problem of misassigned alt codes was present at Port
Allen, Algiers and Barvey. These are the three locations
within the modeled system that, due to multiple routing
possibilities, require an alt code to correctly route the
movement . It was the misassignment of alt codes within
WCSC that caused the WCSC tonnage at Port Allen (and by
routing implication at Bayou Sorrel) to exceed the LPMS
tonnage. This over-assignment at Port Allen was,



conversely, the primary reason for the extreme deficiency
of WCSC tonnage at Algiers.

When Port Allen, Algiers and Harvey are considered in
aggregate, the magnitude of the LPMS - WCSC difference is
modest, approximately 7.8 percent, and the difference is in
the relative direction as typically observed, i.e., LPMS
higher than WCSC (55,997,000 LPMS tons vs. 51,604,000 WCSC
tons).

While comparison of tonnages and barge trips indicated that
misassignment of alt codes had occurred, it is impossible
to identify which individual movements are misassigned.
While this may initially seem to represent a major problem,
the consequences of this development are not dire, and
indeed, the situation can be handled satisfactorily within
the context of the economic modeling. Because most traffic
that uses any one of Port Allen, Algiers or Harvey Locks is
costed and permitted the option, within the economic model,
to use both of the ¢ther two locks as an alternate route,
it is not necessary that the original route be known. The
model, in finding an equilibrium solution, will correctly
allocate traffic as long as the relative costs of using
each route are properly specified,

For all locks except Bayou Sorrel, the LPMS tonnage was
used as the target tonnage. The targets used for Bayou
Sorrel were as previously described. For Port Allen,
Algiers and Harvey the meaningful target was the aggregate
LPMS tonnage for the three for the reason of alt code
misassignment described above. With these target tonnage
levels established, WCSC traffic wolumes and traffic
patterns were evaluated for the purpose of constructing
movements to make up the difference between the target and
WCSC. To reemphasize, this process was undertaken with
Port Allen, Algiers and Harvey considered in aggregate. As
a result, all constructed movements generated to reconcile
Port Allen/Algiers/Harvey were assigned Algiers as an
original routing. .

The results of the reconciliation process are summarized in
table 3 - 2. Added traffic totaled 10.2 million tons for
the system and 0.8 million tons at 1IHNC, representing
increases of 13.9 percent and 3.4 percent, respectively,
from original WCSC tonnage. Table 3 - 3 shows the added
tons by commodity group for the overall system and for IHNC
movements only,

c. Alternative System Routes and Movement File
Aggregation: Due to the configuration of the mainstem GIWW
and the GIWW Morgan City - Port Allen Alternate Route,
alternate water routings are possible for wvirtually all



Table 3-2

Summary of 1980 WCSC and LPMS Tonnagae Reconciliation

{Thousands of tons)
Added Target minus
Targst Added Adjusted Traffic as Adjusted as
Lock WEsC LPMS Tonnage Traffic WCsC % of WCSC . % of Tamet
Port Allen 28,210 27.565 na. 0 28,210 0.0 na
Bayou Sorrel 27,781 37,168 26,401 0 27,781 0.0 5.2
IHNC 22,723 23414 23,414 770 23,493 34 0.3
Algiers 19,856 24,819 n.a. 4,772 24,628 24.0 n.a.
Harvay 3,538 3612 n.a, 0 3,638 0.0 n.a.
Bayou Boeuf 23,221 27,628 27,628 4,624 27,845 i9.9 08
Calcasieu 39,450 46,301 48,301 7,051 46,501 17.9 04
P.A/AlgMHvy 51,604 55,996 55,996 4772 56,376 9.2 0.7
Tetal System 73,400 na n.a, 10,202 83,600 14 na.

Note: Added traffic at each lock does not sum to the total system bacause of common traffic between locks.

—



Table 3-3

Reconciliation of WCSC and LPMS

10,201,753

Summary of Added Tonnage
(Thousands of Tons)
Total Added IHNC
Commodity Group Movements Movements
Farm Products 593.002 188.893
Metallic Ores & Products 231.286 0
Coal 150.495 0
Crude Petroieum 4,601.793 0
Non-Metallic Minerals 2,632.951 580.707
Forest Products and Pulp 9.126 0
Industrial Chernicals 0.000 0
Agricultural Chemicals 1,334.434 0
Petroleum Products 0.000 0
All Others 648.666 0
Total 769.600

-



movements operating on the GIWW west of the Mississippi
River and the IHNC.

The waterway "triangle" formed by the Mississippi River
between Baton Rouge and New Orleans (approximately 130
miles), the mainstem GIWW between New Orleans and Morgan
City (approximately 94 miles) and the GIWW Morgan City -
Port Allen Alternate Route between Morgan City and Baton
Rouge (approximately 64 miles) provides the basis far
multiple routing possibilities for through traffic as well
as for traffic that is strictly local. For a local
movement, i.e., a movement with an origin or destination on
the "triangle", transit can be achieved by two alternate
water routes in addition to the original route. This is seo
because Port Allen, Algiers and Harvey locks all provide
for access from the Mississippi River to the western GIWW.
For a through movement, i.e., traffic moving between a
point above Baton Rouge and west of Morgan City, in
addition to Port Allen, Algiers and Harvey routings, the
Atchafalaya River alsc represents a viable alternate route.
The Atchafalaya River provides access between the
Mississippi River at mile 304, approximately 76 miles above
Baton Rouge, and the mainstem GIWW at Morgan City, a
distance of approximately 123 miles. :

The availability of these alternate routings is important
for system modeling. As tonnage in the system increases
over time, s¢o will congestion costs. The likely result of
increased congestion costs will be a change in the relative
desirability of one route over another for at least some
movements. If alternative routings are specified for each
movemant within the movement file, the model will be able
to evaluate all possibilities and select a route based on
the costs associsated with each choice.

In an effort to control the size o0of the problem to be
solved by the model, alternative routings were limited to
those that represented the most reasonable candidates;
however, all original routes that had potential alternate
routes were provided at least one alternate. In
constructing the system alternate routings the following
rules were used. (1)} For through movements using the GIWW
Morgan City = Port Allen Alternate Route, one alternate was
constructed, the Atchafalaya River. (2) For through
movements using the mainstem GIWW wia Algiers or Harvey
Locks, two alternatives were constructed, one wvia Harvey
Lock and the mainstem GIWW and the other alternate via Port
Allen Lock and the GIWW Alternate Route. (3) For GIWW West
movements with an original route including Port Allen,
Algiers or Harvey Locks, two alternatives were constructed,
one each involving the use of either Port Allen, Algiers or
Harvey locks depending on the original routing. (4) For



local movements with an original route not including Port
Allen, Algiers or Harvey Locks, two alternatives were
constructed, one each involving the use of Port Allen and
either Algiers or Harvey Locks depending on the original
routing.

The assignment of transportation cost to the alternate
water routings was accomplished in the following manner.
Barge costs per mnile were calculated for all original
movements having alternate routings. This barge cost per
mile was multiplied by the mileage associated with the
alternate route to produce an adjusted alternate barge cost
for the alternate route. Given the mileages of the
original routing and the assocliated alternate, the adjusted
alternate barge cost could be higher or lower than the
original route barge cost. Using the alternate route barge
cost and the same least cost non-system alternative
associated with the original movement (since this in
unchanged for the system alternate), the transportation
cost savings for the system alternate route was computed.
When all alternative routings were constructed, the
movement file <consisted of 16,455 total records
representing 7,194 original movements.

The next step in the developnment of the movement file was
to aggregate the file to a level more suitable for the
analysis. Reducing the size of the movement file lowers
the level of complexity that a large number of records can
create for modeling purposes. To accomplish this, while
still maintaining a level of detail necessary for realistic
traffic routing, movements with common origin Port
Equivalent, destination Port Equivalent, 10-group commodity
code and system lock usage were aggregated into individual
movements, with their transportation rates becoming a
weighted average figure. The result of this process was a
movement file that c¢onsisted of 5,460 total records
representing 2,590 unigue movements.

To further improve the efficiency of model operation,
records of less than 1,000 tons, generally less than one
full barge .lcad, were also deleted from the file. These
records consisted of a total of 459 records which included
263 alternate system routings and 196 original movements.
Removing these movements only reduced lock system tonnage
by approxinmately 80,000 tons. At this level of operation
these small movements represented approximately 7.6 percent
of original movements but only 0.1 percent of original
movement tonnage.

d. Future Traffic Levels: From the final movement
file, additional movement files were constructed to
estimate future traffic demands by applying commodity group

E - 100



specific high, medium and low annual growth rates,
previously discussed in Section 2 of this appendix, to the
1990 movement tonnages. The medium annual rates of growth
were used to generate the most likely future system traffic
demands at system locks.

CONGESTION COSTS

At this point, the transportation cost savings estimated
for each of the movements in the WCSC data base include any
congestion costs movements may have encountered as they
traveled through the modeled locks. However +the GEM
requires these gross savings to be delay free, as the model
itself calculates these costs. As a result an adjustment
needs to be made to these estimates before proceeding any
further.

To make the adjustment to gross savings estimates it is
necessary to calculate a costs per hour of delay. There
are three components that comprise the commodity-specific
hourly delay costs at system locks. These components are
barge cost, towboat cost, and commodity or inventory cost.

The first component, barge cost, is determined by the tow
sizes and barge types employed in the movement of specific
commodities. Tow size and barge type affect delay costs
due to the differing capital and operating costs of the
distinct equipment.

The average number o©f barges per tow for each commodity
type transiting each lock was estimated and hourly barge
costs for covered hopper barges, open hopper barges, and
tank barges were used for the appropriate commodity groups
in determining average barge costs per ton. Hourly barge
costs were obtained from the Corps of Engineers Institute
for Water Resources shallow draft vessel costs for Fiscal
Year 1991.

The second major factor in estimating delay. costs is the
hourly cost of the towboat. The hourly cost of the towboat
is directly related to its horsepower. Therefore, average
towboat horsepower for esach commodity type transiting each
system lock was estimated and the operating costs were
obtained from the Corps of Engineers Institute for Water
Resources shallow draft vessel costs for Fiscal Year 1991.
A significant adjustment to full towboat operating costs
was necessary to more accurately estimate towboat costs
accrued while waiting. Full operating c¢osts are
inappropriate for measuring delay costs since full costs
contain a fuel component that reflects underway operations.
To adjust for this, the fuel component of towboat costs was
reduced by 75 percent for tows idling on the slack water



MR-GO side of the IHNC Lock, while use was made of
information provided by towboat industry sources concerning
hourly fuel cost of towboats idling against river currents
while waiting on the Mississippi River side of the lock.
In this instance, the full towboat cost of operation was
used. These hourly fuel cost were then averaged to produce
an overall estimate. This methodology was also used on
Port Allen Lock, Algiers Lock and Harvey Lock, due to the
fact that traffic queuves waiting at these locks are also
affected by Mississippi River currents. Traffic using
Bayou Sorrel Lock, Bayou Boeuf lock and Calcasieu Lock are
unaffected by river currents, conseqguently their owverall
fuel costs were reduced by 75 percent.

Using this information, an average tow operating cost was
determined for each system lock for the ten commodity
groupings used in this analysis.

The final component of the hourly cost of delay is
commodity or inwventory costs. These costs are typically
such a small percentage of tow operating costs {(less than
1 percent) that they have been ignored in this analysis.

For each of the ten commodity groups, barge and towboat
cost per tow hour of delay were converted to costs per ton
per hour by using average tons per tow. The final step in
calculating cost per ton per hour of delay was to adjust
for ‘the empty backhauls of dedicated movements. The
commodity mix of traffic on the GIWW is heavily weighted
towards crude petroleum, refined petroleum products, and
chemicals. For these commodities it was assumed that all
traffic has empty backhauls. As such, delay costs are
incurred twice, once with loaded barges and once with
returning empty barges. The cost per ton per hour of delay
was therefore doubled to reflect the empty backhaul. &A 70
percent empty backhaul was assumed for the rest of the
commodities so that delay costs are incurred 1.7 times,
therefore the cost per ton per hour of delay was multiplied
by 1.7 to reflect the appropriate level of empty backhaul.
These calculations represent the estimates utilized by the
GEM as it calculates 1lock congestion costs for each
movement transiting each system lock. These hourly cost
per kiloton by commodity and lock are shown in table 3 - 4,

In order to calculate delay free gross cost savings for
each of the movements in the WCSC file, the original water
transportation cost estimates were decreased (which
increased the gross cost savings) by the product of these
hourly wait cost per ton estimates and the average delay
per hour the movement had to incur as it traveled through
the modeled locks from its origin to destination.



Table 3 -4

Hourly Costs of Delay for

Commodities at System Locks

{Dollars per 1,000 Tons)

Port’ Bayou Bayou
Commodities Allen Sormet IHNC Algiers _Harvey Boeut Calcasieu
Fam Products 66 63 56 66 66 63 63
Metallic Ores 55 53 55 55 55 53 53
Coal 55 53 55 55 55 53 83
Crude Petroleum 51 49 51 51 51 49 49
Non-Metallic Minerals 49 46 49 49 49 46 46~
Forest Products 55 52 85 55 55 52 52
Industrial Chemicals 82 77 82 82 82 77 77
Agricutural Chemicals 75 70 75 75 75 70 70
Petroleum Products 51 49 51 51 51 49 49
All Othets 64 61 64 64 64 61 61




LOCK CAPACITY AND DELAY ANALYSIS

Essential to the economic analysis of improvements to the
lock structures on the navigation system is the ability to
quantify the relationship between tonnage moving through a
lock and the resulting delays at the lock. In this study,
two methods were employed for this purpose.

Due to the fact that a simulation analysis can be employed
to detail the impact of any number of specific operational
practices on the traffic - delay relationship, it was
decided that this method of estimating lock capacity would
be most appropriate to use c¢cn the IHNC Lock. As for the
rest of the system locks, a more simplified analytical
approach was used. The discussion of these two methods can
be found in Section 5.



SECTION 4 - TRANSPORTATION RATE ANALYSIS
DEVELOPMENT OF THE RATE SAMPLE

To form the basis of the transportation rate analysis, a
sample of aggregated movements was selected from a subset
of the 1989 Waterborne Commerce detail records database.
Transportation rates were developed for this sample of
movements. This process was accomplished as follows.

The records in the WCSC database represented individual
barge-level movements that travelled any portion of the
GIWW -Mississippi River to Sabine, GIWW - Morgan City to
Port Allen Alternate Route, or the Innerharbor Navigation
Canal waterways. In addition to tonnage and
origin/destination information, these records also include
a 4~digit commodity code, and a waterway routing indicator
{alt code) for movements where alternative routings are
applicable. Records with the same 4-digit commodity code,
origin port, destination port and alt code were aggregated
to produce annual port-level tonnage flows representing
6,223 records and 75.5 million tons. All subsequent
processing was based on these aggregated annual flows.
Separate files were constructed for those movements which
used the IHNC lock and those movements which did not.
These files were then aggregated into "cells"™. In the IHNC
file these "cells" consisted of movements with a common
origin PE, destination PE and 10-group commodity code, with
its level of tonnage equal to the sum of those movements.
A PE (Port Equivalent) code is defined by ranges of WCSC
port—-dock codes and represents a waterway section.
Similarly, the non-IHNC file was aggregated into "cells",
however, in this file the "cells"™ consisted of movements
with a c¢ommon origin PE, destination PE, and 10-group
commodity code but also common alt codes. The alt codes,
which indicate waterway use, were usgsed in this file because
more than one route over the modelled system was possible
between the origin and destination.

At the outset, it was thought possible that a sample could
be developed that would provide cell-level coverage of
approximately 95 percent of the total system tonnage. To
do this, 348 of the largest “cells" (by tonnage) were
selected in the IHNC file and 597 of the largest "cells"
(by tonnage) were selected in the non—-IHNC file. Summing
the tonnage in these 945 "cells" produced 71,354,000
million tons which represented 94.5 percent of the total
system tonnage of 75,507,000 tons.

Next, within each "cell", individual movements were
assigned a weight equal to its own tons divided by the
total tonnage in the "cell". These percentages were then



transformed into cumulative percentages and multiplied by
100 to produce and integer between 1 and 100 for each
movement. Next, using a random number generator, a number
between 1 and 100 was assigned to each "cell".

The first movement within each "cell" whose integer was
greater than or equal to¢ this random number was selected
for the sample. The effect of this procedure was to select
a single movement from each “cell” with the probability of
selection for a given movement equal to that movement's
"cell" tonnage proportion. The final product was a sample
of 945 movements with a total of 34,441,000 tons, 46
percent of the total system tonnage. Table 4 — 1 displays
the 1989 rate sample tonnage as a percent of 1989 system
tonnage by commodity group.

TRANSPORTATION RATE ANALYSIS

The transportation rate analysis was conducted by the
Tennessee Valley Authority (TVA) under contract with the
New Orleans District. The objective of the study was to
calculate line-haul transportation rates and supplemental
costs for a sampling of 944 dock-to dock movements taken
from the 1989 waterborne traffic base. ( One movement in
the 945 movement sample was determined to be non-
commercial traffic and was removed, leaving 944 movements
identified for analysis.)

For each sample movement, a calculaticn of freight rates
was made by a system waterway route, and by one or more
land routes utilizing an alternate mode of transportation.
Total origin to destination shipping costs were calculated,
including loading and wunloading costs at origin and
destination. The costs of subsequent overland movements
and intermodal transfer costs at origin and destination
were also calculated. Computations reflect those charges
that were in effect during the third quarter of 1992. The
following paragraphs detail the study's guidelines, methods
of research and supporting assumptions.

ROUTING OPTIONS

With respect to land routes 911, 310 and 9 movements were
evaluated for rail, truck, and pipeline rates respectively.
As a general rule, all movements of 400 miles oxr less and
less than 100,000 tons were evaluated for truck.

For 60 movements involving Intracoastal Waterway points
east of New Orleans and points on the Middle and Upper
Mississippi River, Illinois Waterway, Ohio River System,
and Tennessee and Cumberland Rivers, an alternate
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Table 4 -1

1989 Rate Sample Tonnage As A Percent

Of 1989 System Tonnage

Sample Tons as a Sample Cells as a Sample Cell Tonnage as a
Comimedity group percent of System Tons percent of System Cells parcent of System Tonnage
Farm Products 33% 27% T%
Metallic Ores and Products 42% 31% 82%
Coal 89% 58% 99%
Crude Petroleum 51% 68% 98%
Nonmetatiic Minerals 48% 42% 93%
Forest products and pulp 82% 44% 87%
Industrial Chemicals 44% 44% 94%
Agricultural Chemicals 19% 24% 71%
Petroleum Products 33% 53% 96%
All Others 46% 41% 95%

Total 46% 42% 95%

—



non~system waterway routing was calculated wvia the
Tennessee—~Tombigbee Waterway.

Table 4-2 summarizes the routing options considered for the
844 movements of the rate sample.

ASSUMPTIONS

Actual shipment costs and supporting information were
obtained from shipper, receivers, carriers, and riverport
terminals wherever possible. In the absence of specific
shipper/receiver information, it was assumed that the river
origin and destination were the originating and terminating
points for both the river route and alternate mode of
transportation,

It was assumed that commodities loaded or unloaded to or
from barges could alsc be loaded or unloaded to or from
rail ¢cars or trucks.

It was assumed that.the alternate modes of transpcortation
would have the physical capacity to accommodate the
tonnages involved for each commodity movement, except that
truck transportation was not considered toc be a viable
option for shipments invelving tonnage of 100,000 tons or
more.

It was assumed that for movements involving tonnages of
less than 100,000 tons, shippers or receivers not served by
rail would utilize truck transportation from or to the
nearest railhead. It was further assumed that facilities
would be available at the rail location to accommodate the
transfer. For movements invelving tonnages of 100,000 tons
or more, it was assumed that rail facilities would be
constructed by the carrier, shipper, or receiver. It was
assumed that any construction costs incurred by the shipper
or receiver would be assigned to the cost of production,
rather than to the cost of transportation. While it is
possible that c¢onstruction costs incurred by carriers would
be passed on to shippers or receivers in the form of higher
rates, these costs were considered to be beyond the scope
of this study.

METHODS AND PROCEDURES

As a result of transportation deregulation, it is wvirtually
impossible to determine with absolute precision the exact
rate charged by a carrier on a large-tonnage movement.
‘Barge rates are a matter of negotiation between shipper and
carrier and are not published in printed tariff form. Each
carrier's rates are based on individual costs and will vary
from one barge line to another.



Table4-2

Rate Sample Observations by Comrmodity Group

And Transportation Mode
Alt Water
Commodity Group Water Tenn-Tom __ Rail Truck _Pipeline
Farm Products 61 11 61 23 0
Metallic Ores 108 7 106 22 0
Coal a1 22 31 2 0
Crude Petroleum 92 0 78 66 0
Non-Metallic Minerals 117 4 114 24 0
Forest Products 7 2 F 4 4 0
Industrial Chemicals 168 1 167 27 0
Agricultural Chemicals 43 0 41 11 0
Petroleum Products 280 12 274 110 9
All Others 37 1 32 21 0
Total 944 60 911 310 9
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Contract rates are prevalent in the rail and trucking
industries and are not public knowledge. Rates are
published in tariff form on bulk commodities; however it is
difficult to determine those movements that are rated on a
tariff basis as compared to those movements that are rated
on a contractual basis.

Rates provided by carriers, shippers, receivers or
riverport terminals were used wherever possible. All other
rates were obtained from published sources or were
constructed by TVA, depending on the mode of transportation
or tonnages involved.

Barge Rates

With the exception of actual rates obtained from shippers,
carriers, or riverport terminals, barge rates were
calculated using a computerized barge costing model. The
model, which was cbtained from anocther government agency
and modified by TVA, was programmed to include 1992 fixed
and variable costs information obtained from the towing
industry.

The costing model contains two modules—--a general towing
service module and a dedicated towing service module. The
general service module calculates rates by simulating the
use of general towing service conditions between origin and
destination. This includes, among other things,
interchange of barges between two or more carriers.

The dedicated service module calculates costs by simulating
round-trip movements between origin and destination. This
includes the use of the same towboat for the loaded
movement from origin to destination and the return of the
empty barge(s) from destination back to origin.

Both modules require wvarious inputs, but among the more
important are, towboat sizes (horsepower); barge types;
shipment weights; and empty return ratios.

Barge rates on dry commodities were calculated using the
general towing service costing module. Inputs based on
information obtained from carriers and the Corps of
Engineers' Lock Performance Monitoring System (LPMS)
database were used in the module to simulate the average
towboat size (horsepower) and corresponding tow size
{(barges) for each segment of the inland waterway system.
Other inputs included barge types, waterway speeds and
horsepower ratios.

Empty return ratios for dry commodity movements were
generally calculated at 70 percent; however movements with



both origin or destination on the Intraccastal Waterway
east of Houston or origins or destinations on the Lower
Mississippi south of Baton Rouge were calculated on a
round-trip basis.

Depending on the type of movement, tonnage and barge size
involved, rates on liquid commodities were calculated with
the use of either the general towing service or the
dedicated towing service module. For commodities that are
normally transported in barges measuring 195 x 35 feet,
rates were calculated with the use ¢of the general towing
service module. Since barge sizes are compatible, these
shipments can be integrated intoc the same tows with dry
commodities. Commodities that are normally transported in
general towing service include sodium hydroxide, molasses,
tallow, and certain chemical products.

The determinaticn of general or dedicated service
calculations for alcohols, benzene, chemicals, and
miscellaneous chemical products was based on the volume
involved. For movements with tonnages of less than 10,000
tons, rates were calculated with the use of the general
towing service module. For movements with tonnages of
10,000 tons or more, rates were calculated with the use of
the dedicated towing service module.

All rates on asphalt and crude and refined petroleum
products were calculated with the use of the dedicated
towing service module. All rates on liquid commeodities
were calculated on a round-trip basis, whether general or
dedicated service towing.

Rail Rates

It was assumed that tariff rates would apply to all rail
shipments with annual volumes of less than 5,000 tons. For
shipments with annual wvolumes of 5,000 tons or more,
contractual rates were constructed on the basis of a
percentage reduction of the tariff rate or with the use of
a computerized rail costing model developed by Reebie
Associates.

Rates on grain, grain sorghum, and grain mill products were
based on a percentage relationship to the published tariff
rate. Multiple car or volume rates were utilized wherever
possible. It was also assumed that all shipments of grain,
grain mill products and rice would move in covered hopper
cars owned by the carrier.

Rail rates on all other commodities were calculated with
the use of the Reebie Associates costing model. This model
identifies the rail carrier's wvariable and fixed costs
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between origin and destination and the relationship of
these costs to the movement's published tariff rate.

Truck Rates

Actual truck rates were used wherever possible. All other
rates were estimated on the basis of a formula derived from
a comparison of rates published in tariffs, known
contractual rates, costs applicable on an hourly rental
basis, and private fleet truck costs.

Pipeline Rates

Published pipeline rates were used wherever possible. A
number of movements from or to river terminals were routed
via relatively short pipeline systems that were privately
owned . Rates for these movements were estimated on the
basis of rates published in tariffs for comparable
distances.

Handling Charges

Handling charges between modes of transportation were
estimated on the basis of information obtained from
shippers, recelivers, and terminal operators. Handling
charges for transfer of commodities from or to ocean
vessels were estimated on the basis of information obtained
from ocean ports or stevedoring companies. In general, it
was assumed that movements of bulk products, (e.g., grain)
would be handled through elevator or storage facilities at
both origin and destination.

Loading and Unloading Costs

Loading and unlocading costs are not normally documented by
shippers and receivers. Costs will vary from company to
company and are often-times considered as part of the cost
of production. A number of sources were utilized in
obtaining loading and unloading costs, but for the most
part reliance was placed on information obtained from
shippers and receivers.

Attachment 1 of the appendix summarizes the results of this
study. The attachment consist of the commodity, tons,
original water rate, alternate water rate (Tenn-Tom),
primary land rate and alternate land rate for each of the
944 sample movements.
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EXPANDING THE RATEK SAMPLE TQ THE POPULATION
ASSIGNMENT PROCESS

As was mentioned previously, the sample movements evaluated
by TVA represented 1989 WCSC data. However, after TVA
completed their analysis, 1990 traffic was ready for use.
In order to work with the most current data available, the
decision was made to match the rates TVA calculated in the
1989 sample to the 1990 records. Table 4 - 3 shows how the
1989 rate sample applies to the 1990 system tonnage.
Comparison of tables 4 — 3 and 4 - 1 clearly indicates that
the origin-destination patterns for 1989 and 1990 traffic
are quite similar.

The 1980 traffic file was processed in a manner that was
essentially the same as described with the 1989 traffic.
Records representing movements that travelled any portion
of the GIWW -Mississippi River to Sabine, GIWW - Morgan
City to Port Allen Alternate Route, or the Innerharbor
Navigation Canal waterway segments were extracted by WCSC
from the 19290 data base and provided as a single file.
Tonnage with the same 5-digit commodity code (19%0 WCSC
uses a more detailed 5-digit commodity code rather than the
previous 4-digit code used in the 1989 movement file),
origin port, destination port and alt code was aggregated
to produce annual port-level tonnage flows. At this level,
system lock usage was assigned for each movement. The 1990
movement file had a total of 7,174 records and 73.4 million
tons, 22.7 million tons of which represented TIHNC
movements.

To assist with the assignment of rates, the 1989 4-digit
commodity code was added to the 19%0 movement file, since
the 1989 sample rate study only has the 4 digit commodity
code. In addition, to facilitate further file processing
and aggregation, each record in the 1990 movement file was
assigned a commodity group number based on the l0-category
classification scheme, described earlier in Section 2.

Records in the 1990 WCSC movement file were divided into
two separate files, one representing IHNC traffic and the
other representing non-IHNC traffic¢c. As mentioned earlier,
the reason for this distinction is due to the fact that alt
codes, which indicate waterway use, are required for route
identification for non-IHNC traffic since more than one
waterway 1is possible between the origin and destination.
The objective then was to match transportation rates from
1989 TIHNC sample records fto the 1990 TIHNC records and
non-IENC 1989 sample records to 1990 non-IHNC records. To
accomplish this task, it was necessary to match sampled
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Table4-3

1989 Rate Sample Tonnage As A Percent

Of 1990 System Tonnage

Sample Tons asa Sample Cells as a Sample Cell Tonnage as a
Commodity group percent of System Tons percent of System Cells percent of System Tonnage
Fam Products 39% 27% 91%
Metallic Ores and Products 32% 28% 63%
Coal 78% 55% 87%
Crude Petroleum 57% 52% 100%
Nonmetallic Minerals 38% 36% 72%
Forest products and pulp 67% 21% 1%
Industrial Chemicals 46% 42% 97%
Agricultural Chemicals 18% 23% 67%
Petroleum Products 37% 52% 100%
All Cthers 100% 29% 100%
Total 47% 39% 97%
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records to the 1990 wpopulation at several levels of
aggregatien.

In the first level matching, records in the IHNC rate
sample were matched to the 1990 IHNC records on the basis
of common origin port, origin dock, destination port,
destination dock, and 4-digit commodity code. The records
in the non-IHNC rate sample were matched to 19290 non-IHNC
retords in the same fashion, but now common alt codes were
also used as the basis for cemparison. When a match was
identified, total transportation costs for the original
water route, alternate water route, and primary land route
were assigned to the 1990 movement. (With the exception of
two movements in the overall rate sample, which represented
only 0.2 percent of the total tons in the sample, the
primary land route was always less costly than the
alternate land route. As a result, matching alternate land
costs was considered unnecessary.) To make this assignment,
the weighted average cost for IHNC sample movements grouped
by origin port, origin dock, destination port, destination
dock, and 4-digit commodity code was calculated. When an
IHNC sample movement was matched to an IHNC 1990 population
movement, the cost, which represent a cost per ton, was
assigned to the IHNC 1990 population movement. This same
method was employed when matching non-IHNC movements,
except the weighted average cost calculation for non-IENC
sample movements included the use of alt c¢odes when
movements were grouped. This initial matching assigned
costs to 6 percent of the total 1990 population movements
representing 28 percent of the total tonnage. In the IHNC
section alone, costs were assigned to 9 percent of the
total IHNC movements representing 43 percent of the total
IHNC tonnage. This degree of coverage is very good
considering that at this level of  grouping, the matching
taking place is essentially on an individual movement
basis.

In order to assign costs to those movements not initially
matched, several more levels o¢of matching needed to be
performed. The second matching was based on common origin
PE, destination PE, and 10-group commodity code for IHNC
movements with the additional common alt codes for non-~IHNC
movements. As described in the first level of matching,
this procedure assigned weighted average costs from the
THNC sample movements and non-IHNC sample movements,
grouped as described for the second matching. When a
sample movement was matched to a 1990 population movement,
the costs per ton for the various means of transportation
were assigned to the WCSC movement. After this second
level of matching, 46 percent of the 1990 movements
representing 66 percent of the total tonnage was assigned
costs. In the IHNC section alone, costs were assigned to




30 percent of the total IHNC movements, representing 60
percent of the total IHNC tonnage.

The third level of matching was based on common waterway
segment origin and destination (the 2-digit level of the
4-digit origin and destination PE codes), and 10-group
commadity code for IHNC movements with the additional
common alt codes for non-IHNC movements. At this level of
matching, as well as the following ones, the weighted
average costs per mile for the various means of
transportation were calculated, grouped as described for
this level of matching. Weighted average cost per mile was
used instead of weighted average cost per ton, as was the
case for level 1 and level 2, because from level 3 on, the
potential for substantial mileage variation existed between
the sample movement and the population movement matched to
it. Since transportation costs are very much a function of
distance, it was viewed as necessary to assign a mileage
sensitive cost, When a sample movement wag matched to a
WCSC movement, the cost per ton mile for the sample
movement was multiplied by the mileage of <the 1990
movement. This product was the cost per ton assigned to
the 1990 movement. For example, the weighted average cost
per mile of an original water rate from a sample movement
was multiplied by the water mileage of the 19%0 movement.
This method works well for assigning original water cost
per ton estimates to 1990 population movements since in the
1990 file, water mileage estimates are already included in
the WCSC file. However, when assigning primary land and
alternate water cost per ton estimates, the appropriate
original land mileage and alternate water mileage in the
WCSC file had to be calculated externally.

To estimate primary land mileages and alternate water
mileages in the file, a regression analysis was performed
using data from the TVA rate sample. The primary objective
of regression analysis 1is to predict the wvalue of one
variable (the dependent variable) given that the value of
an associated variable (the independent variable) is known.
The regression equation is the algebraic formula by which
the predicted wvalue o©of the dependent variable is
determined.

Along with transportation costs for each of the sampled
movements, TVA also provided estimates on original water
mileage, primary land mileage, and alternate water mileage.
By running a regression analysis, with original water
mileage as the independent variable and land mileage as the
dependent variable, the resulting regression equation could
be used to predict a land mileage based on the original
water mileage estimate in the 1990 file. The regression
analysis, performed on the sample movements, was done on
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the 10-commodity code classification scheme. As a result,
each of the 10 commodity codes has an individual regression
equation.

The regression equations used to predict primary land
mileage estimates, in the 1990 file, are provided in table
4 - 4. Also included, are the <coefficient's of
determination (R-squared) for each of the 10 equations.
This coefficient indicates the proportion of the wvariance
in the dependent wvariable (land mileage), explained by
knowledge of the independent wvariable (original water
mileage). Tests of significance indicate that there is a
statistically significant relationship between these two
variables.

In order to estimate alterriate water mileage for the 1990
movements, another regression analysis was performed on the
rate sample using the land mileage as the independent
variable and the alternate water mileage as the dependent
variable. This formulation for estimating the alternate
water mileage was selected from a variety of other
investigated specifications, because it produced the

greatest degree of explanatory power. (In the sample, only
movements with an alternate water mileage were included in
the analysis.) The resulting regression equations were

then used to predict the alternate water mileage based on
the primary land mileage already calculated from the
previous regression analysis. (For the 1990 movements, an
alternate water mileage was calculated for only those
movements where the Tenn-Tom Waterway was considered a
reasonable alternate route.)

As before, the regression analysis was performed for each
of the 10 commodity groups, however for crude petroleum,
forest products, industrial chemicals, agricultural
chemicals and the &ll other commodity group, there were not
enough movements in the rate sample to perform a meaningful
analysis. Therefore, the decision was made to perform the
regression analysis on all the sample movements with an
alternhate water mileage, disregarding the commodity group
distinction. This single regression equation was used to
estimate alternate water miles for these five commodity
groups. The resulting six different regression equations
along with their coefficients of determination are also
displayed in table 4 - 4. As with the previous regression
equations, test of significance revealed a true
relationship between the two wvariables.

With the above mileage estimates, the primary land and
alternate water cost per ton calculations were performed in
the same manner as the original water costs per ton. After
this third level of matching, 81 percent of the total 1990
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Table 4 -4

Regression Equations Used to Predict

Primary Land Miles.and Altemate Water Miles

Commodity Primary Land Miles B-Squared Alternate Water Miles R-Squared
Fam Products 37.4237 + .7498 x Original Water Miles 0.91 | 176.6945 + .9544 x Land Miles 0.91
Metallic Ores 176.0323 + 5210 x Oniginal Water Miles 0.76 | -195.3749 + 1.490 x Land Miles 0.82
Coal 166.4605 + .4512 x Original Water Miles 0.75 e | -4.9575 + 1.214 x Land Miles~ 0.73
Crude Petroloum -17.2043 + 8719 x Original Water Miles 0.77 | 143.198 + 666 x Land Miles 0.77
Non-Metallic Minerals 114.1096 + 6871 x Original Water Miles 0.71 | -1577.96 + 3.596 x Land Miles 0.46
Forest Products 102.5304 + 5338 x Original Water Miles 0.98 | 143.198 + .666 x Land Miles 0.77
Industriat-Chemicals 102.1856 + 6853 x Original Water Miles 0.91 | 143.198 + 666 x Land Miles 0.77
Agricultural Chemicals -6.5211 + .9087 x Original Water Miles 0.70 | 143.198 + .666 x Land Miles 0.77
Petroleum Products 81.7960 + .6604 x Original Water Miles 0.90 | -149.816 + 1.5676 x Land Miles 0.72
AllOthers 31.7142 + .7048 x Original Water Miles 0.96 | 142.198 + .666 x Land Miles 0.77
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movements, representing 90 percent of the total tonnage,
were assigned costs. For the IHNC records only, 65 percent
of the IHNC movements, representing 86 percent of the IHNC
tonnage, were assigned costs.

The fourth level of matching was based on common waterway
segment destination (the 2-digit level of the 4-digit PE
code), and 1l0-group commodity code for both the IHNC
movements and non-IHNC movements. As before, this
procedure assigned a weighted average cost per mile, for
the various means of transportation, to the 1990 movements
when a sample movement matched a 1990 movement. This cost
per mile was then multiplied by the appropriate mileage
figure to produce a cost per ton estimate. After this
fourth level of matching, 93 percent of the total 1990
movements, representing 96 percent of the total tonnage,
were assigned costs., For the IHNC records only, 83 percent
of the movements, representing 92 percent of the tonnage,
were assigned costs.

In the fifth and last level of matching, those records that
were still unassigned, were matched based only on the
10-group commoedity code for both the IHNC movements and
non-IENC movements. As with the third and fourth level of
matching, this assignment was accomplished using the
product of the costs per mile from the sample movements,
now grouped as described in this fifth lewvel of matching,
and the appropriate mileage of the movement to be assigned
a.cost. With this last level of matching, all 7,174
movements in the 19890 file were assigned an original water
ceost per ton, a land cost per ton, and an alternate water
cost per ton.

SUMMARY OF RESULTS

For each of the movements in the 1890 file, an estimate of
the difference between total water transportation cost
(original water cost per ton) and total cost for the
movement via the next least costly non-system alternative
means of shipment (i.e., land cost per ton or alternate
water cost per ton) was made. This difference is referred
to as the net cost savings of the ton's potential movement
via the system. These savings are deemed net as opposed to
gross because the water costs are inclusive of system lock
delays. Savings measured with lock delays taken out of
water costs are referred to as gross cost savings. Table
4 - 5 shows the overall distribution of net gross cost
savings for the entire system and IHNC movements only.
Table 4 - 6 shows the distribution of these net cost
savings broken down by the first two levels of matching and
then by the next three levels of matching. As can be seen,
two percent of the total number of records for the system,
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Net Cost Savings Distribution
For the Total System and [HNC Movements

(1992 Prices)
Total System IHNC Movements
Net Cost Savings | % Of Total l % Cf Total
% | #0fRecords Tong Jons L #OQi Recordy Tong Tons

<0 | 144 591,681 08% | 86 404,143 1.8%
»=0 <1.50 | 127 2,311,060 3.1% | 109 2,184,755 9.6%
»>=1.50 <4.00 | 242 7.420,020 10.1% | 149 6,750,406 20.7%
>=d 00 <7.00 | 800 8,259,138 13% | 224 1,996,188 8.8%
>=7.00 <1100 | 1,187 11,346,176 155% | 275 1722970 76%
»=11.00 <16.00 | 1314 12,657,176 17.2% | 419 3,633,923 16.0%
>a16.00 «24.00 | 1,408 15,126,602 206% | 431 4,148,010 183%
>=24.00 <31.00 | 949 8,593,746 1.7% ) 142 1177214 52%
>=31.00 <36.00 | 427 3,154,806 4.3% | &1 211,520 0.9%
»=38.00 <4200 | 252 2,204,668 3.0% | 28 339,245 15%
+=42.00 <5000 | 141 839,068 1% | 11 42343 0.2%
»>=50,00' «60.00 | N 389,603 0.5% | 15 42715 0.2%
»<50.00 <70.00 | 51 273492 0.4% | 12 §3.413 0.2%
>=70.00 <8000 | 30 185,783 03% | 1 300 0.0%
>=80.00 | 11 66271 1% | 2 15,684 0.1%
Tetal 7,174 73399382 100% 1,965 22722 796 100%
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Table4-6

Net Cost Savings Disiribution
by Levels of Matching
{1992 Prices)
Total System Total System
Levels of Malching 1 - 2 Levels of Maiching 3 - 5
Net Cost Savings % Of Tatal 1 % Of Total
i #0f Records Tons' Tong | #Of Hacords Tong Tong

<0 | 11 141,983 0.9% | 133 449,698 1.8%
=0 <150 | 51 1,841,928 2.8% | 76 469,137 19%
»21,50 «4.00 | 80 5,620,556 15% | 162 1,799,464 3%
>=400 <7.00 | 484 6,707,608 13.7% i 336 1,551,462 6.3%
>7.00 <11.00 | 620 7,603,340 156% | 567 3742808 152%
>=%$1.00 <16.00 | 572 7.661,151 16.1% | 742 4,796,025 195%
>u16.00 <2400 1 661 10,152,785 20.8% | 727 4968817 20.7%
»=24.00 «31.00 i 287 4,652,304 95% | 562 3,941,442 180%
>=31.00 <36.00 { 203 1,687 887 30% i 224 1267011 52%
>=36.00 «42.00 | 108 1,440,415 3.0% | 143 764,253 231%
»>=42.00 <50.00 | 63 492,438 1.0% | 78 348,630 1.4%
>=50.00 <60.00 1 47 178,059 04% 1 44 191,544 08%
»=50.00 <70.00 i 18 112,008 02% | 33 181,467 0.7%
>=70,00 <80.00 | 18 08,542 0.2% | 12 87,241 04%
>=80.00 | 5 30,405 01% | 6 35,866 0.1%
Total 3329 48,026,499 100% 3848 24572883 100%

IHNC movements HNC movermnents

Levels of Matching 1 - 2 Levels of Matching 3-5

Net Cost Savings | % Of Total 1 % Of Total
{$) | # Ol Records Tons Tons 1 #Of Racorda Tons Tons

<0 | g 105,008 0.8% | 7 290,138 3%
>} <150 | 40 1773412 13.0% | 69 411,343 45%
>1.50 <4.00 | a1 5,173,796 37.9% | 118 1576810 174%
>cf 00 <7.00 ] 92 1457.757 10.7% i 132 538,428 59%
»=7.00 <11.00 | 60 556,562 41% i 215 1166388 - 128%
»>=11.00 <16.00 | 122 1,772,873 . 13.0% | 237 » 1,861,050 |‘ 205%
>m16.00 <24.00 | 157 1,860,184 13.6% 1 274 2.287 826 ' 252%
»=24.00 <31.00 i 54 619419 4.5% | 88 557,795 Y B.1%
>=31.00 <35.00 1 13 48,501 0.4% I 48 162,619 ) 15%
5=38.00 <42,00 | a 219,153 16% i 25 120,002 1.3%
>242.00 <50.00 | 2 5667 0.0% | -] 36,656 0.4%
>=50.00 <60.00 | g 18,880 0.1% | 10 23,835 0.3%
>=B0,00 <70.00 i 4 31,573 02% | 8 21,840 0.2%
>=70.00 <80.00 | 0 ] 0.0% | 1 300 00%
>80,00 i 0 0 0.0% | 2 15,654 0.2%
Total 592 13,643,222 100% 1373 9,079574 100%



representing one percent of the total tons has a negative
net cost savings. This means that for these movements,
using a non-system alternative means of transportation
appears to be the least costly, suggesting that some
shippers are behaving uneconomically. Those movements in
the TVA sample with a negative net cost savings were only
included in the first level of matching. For all
subsequent levels of matching, the effect of the negative
net cost savings sample movements were excluded from the
calculation and assignment of weighted costs. These
movements were excluded in order to minimize the
distortions that the negative net cost savings movements
produced in the subsequent levels of matching.

As a final illustration of the transportation rate analysis
sample and the expansion of this sample to the population
of movements, table 4 —~ 7 displays the weighted average net
cost savings and weighted average mileage, for the system
as a whole by commodity group.

WITH-PRO T SAVINGS ADJUSTMENT

When TVA assigned water transportation costs to IHNC
traffic, included in these rates is the cost of hiring
assist vessels tow operators must incur whenever there is
a need to cut the tow to transit the existing IHNC Lock.
When analyzing a larger lock in the with project condition,
the number of multiple-cut lockages would necessarily
decrease. Therefore an adjustment was made to the
with-project gross cost savings of IHNC traffic to reflect
the corresponding reduction in assist cost.

Local towboat operators provided assist vessel cost
information concerning double cut and triple cut lockages
at the existing IHNC Lock. Using the percentages of double
and triple cut IHNC lockages, provided by LPMS 1290 data,
weighted average cost per ton estimates were calculated, by
commodity greoup. The results of which are shown in table
4 - 8. .

The simulation model, used in the calculation of capacity
estimates, provided percentages of multiple-cut lockages
that are 1likely to occur in the wvarious with-project
conditions. Utilizing this information, estimating the
reduction in multiple-cut lockages, for the larger IHNC
locks, was an easy matter. The gross cost savings of
traffic transiting these larger locks were then increased
by the product of this percentage reduction and the above
calculated assist costs.



Table4-7

Net Cost Savings & Mileage

By Commodity Group
Total System
(1992 Prices)

Weighted

Net Cost Weighted
Commodity Group Savings ($) Mileage
Farm Products 9.22 671
Metallic Ores 25.40 1,132
Coal 2.44 1,244
Crude Petroleum 15.98 237
Non-Metallic Minerals 21.26 977
Forest Products 7.52 884
Industrial Chemicals 18.83 935
Agricultural Chemicals 20.86 765
Petroleum Products 15.44 585
All Cthers 12.23 525
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Table 4 -8

Tug Assist Costs
for Commodities at IMNC lock
(Dollars per ton)

(1992 Prices)

Cost per
Farm Products 0.01
Metallic Ores 0.02
Coal 0.01
Crude Petroleum 0.01
Non-Metallic Minerals: 0.01
Forest Products 0.02
Industrial Chemicals 0.01
Agricultural Chemicals 0.02
Petroleum Products 0.02
All Others 0.01
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SECTION 5 - LOCK CAPACITY AND DELAY FUNCTICN ESTIMATION
QVERVIEW

As traffic levels increase on a waterway, the increased
traffic creates delays at bottlenecks on the systen.
Generally, these bottlenecks or constraints occur at
navigation locks. Quantifying the relationship between
tonnage moving through a lock and the delay at the lock is
essential to the economic¢ analysis of the value of the
navigation system.

There are two distinct ways to establish the delay-tonnage
relationship of 1lock operations--deterministically or

through simulation. In this study, the deterministic
approach was used for all system locks except IHNC, whereas
for the IHNC lock, simulation was used. Simulation was

considered more appropriate for IHNC due mainly to the fact
that simulation analysis would be more adept at calculating
the impacts of bridge operations on navigation and
simulation would alsoc be better suited for measuring the
relative efficiencies of chamber packing with different
size chambers. The following is a discussion of the
deterministic approach and simulation approach selected for
this study.

DETERMINISTIC APPROACH

The deterministic technique selected for use in this study
is an "engineered" apprcach which estimates the capacity at
a system lock by analyzing the distribution of service
times as a function of lock operating procedures and the
distribution of tonnage present for processing, This
technique was developed by the Rock Island District and has
been used in the Upper Mississippi River Navigation Study
Reconnaissance Report, the Intraccastal Waterway Locks,
Louisiana, Reconnaissance Report, as well as the Inland
Navigation Investment Needs Assessment Study.

To determine the delay-tonnage relationship at a navigation
lock deterministically, some approximations from gueuing
theory may be applied. If arrivals for service (locking)
_follow a Poisson process (i.e., randomly independent}, then
the expected wait for service (delay at lock) is given by
the formula:

D

I

(U(s”2 + 1)P) / (2(1-U)), where:

D expected delay;
S = ratio of the standard deviation to the mean processing
time;



U = lock utilization defined as the ratio o6f the mean
interarrival time and the mean processing time; and
P = mean processing time.

It can be seen from this formulation that as lock
utilization approaches unity the expected delay at the lock
grows without bound. The tonnage required to produce 100
percent utilization is defined as the ‘"practical 1lock
capacity."

The above demonstrates that expected delay can be related
to lock utilization. it remains, however, to find the
relationship between tonnage and expected delay. In order
to accomplish this, a simultaneous system of equations was
developed which models the relationship between tonnage and
utilization. Selving this model for a given level of
tonnage allows the corresponding utilization to be found
and, hence, expected delay. By solving the model over a
range of tonnages, the relationship between tonnage and
expected levels of delay can be traced. Further, by
"backsolving" the model, the tonnage required to produce
any given level of expected delay can be determined.

The system of equations required to accomplish the above
tasks is sufficiently complex to warrant a computer for
solution. With this in mind, the model was developed using
the software package TK Sclver. This software's akility to
iteratively solve (and backsolve) systems of equations make
it a useful tool for developing and solving the model. The
following discussion describes the implementation of the
model.

STEP 1 - Base year tonnage 1is specified for each of ten
commodity groups both upbound and downbound. The model
contains equations specifying tonnage growth for each of
the commodity groups. For any given level of total
tonnage, these growth equations are solved to yield the
tonnage in each commodity group. As a by-product of this
solution, the year in which this tonnage is projected to
occur is also found.

STEP 2 - The model has, as part of its input, the
proportion of upbound and downbound tonnage in each
commodity group and tons per barge load by commodity. This
information is readily determined from available data
sources, Using these inputs, along with the tonnage by
commodity group from step 1, the number of loaded barges
both upbound and downbound is determined.

STEP 3 - The imbalance between upbound and downbound
tonnage necessitates the movement of empty barges.
Moreover; even if movements were perfectly balanced, a



certain percentage of the barges would still return empty;
these are referred to as dedicated movements. The ratios
of empty barges in each direction to leoaded barge movements
in the opposite direction is determined from historical
data. These ratios are then applied to the number of empty
barges traversing the lock.

At this point, the total numbexr of barges traversing the
lock, both upbound and downbound, is known. At sites where
no alternate water routes are available these numbers
inherently must be roughly equal and, although it is not an
explicit requirement of the model, this is the case,

STEP 4 - Average tow size is determined from LPMS data and
is held constant as traffic congestion increases. The
physical limits of the waterway dictate a constant average
tow size.

STEP 5 - ZXKnowing both the total npumber of barges and
average tow size permits the number of tows transiting the
lock to be determined.

STEP 6 — The lockages types {(i.e. single, double,
multi-vessel, etc.) and the relative fredquency with which
they occur is determined largely from historical LPMS data.
At several of the longer chamber locks, the proportion of
multi-vessel lockages is projected to increase at higher
levels of wutilization. With the future proportion of
multi-vessel -lockages specified, the model determines the
number of all other lockage types based upon historical
data.

STEP 7 - An important model input is the lockage component
times. These component times are input for the wvarious
lockage types, and entry/exit types. These were determined
from LPMS data.

STEP 8 - The number of lockages of each type (i.e., single,
double, etc.) has already been determined. .It remains to
determine the proportion of lockages that will use fly,
turnback, or exchange approach/exits. Since we already
assume that arrivals for lockage occur randomly, it follows
that the portion of fly approach/exits is given by 1 minus
utilization. If the lock utilization is less than .85, the
model assumes that the lock operates using a First~Come-
First-Serve policy and, hence, the proportion of turnback
and exchange approach/exits are both equal to 1/2 of
utilization. At higher levels of utilization, the model
compares the relative efficiency of turnback versus
exchange approach/exits and assigns the appropriate lockage
policy-~either l1-up 1l-down, or k-up k-down. At locks where
turnback is more efficient than exchange, the model assumes



a gradual implementation of a k-up k-down policy until a
10-up 10-down policy is reached at 100 percent utilization.
At locks where exchange is more efficient than turnback, a
l-up l-down peolicy is gradually implemented so that it is
fully in effect at 100 percent utilization.

STEP .9 - It should be noted that the analysis implies that
utilization is known. Utilization, however, cannot be
known since it is dependent (amcocng other factors) on the
relative proportion of exchange/exit types. This is why
the iterative capabilities of TK Solver are essential. The
calculations are done using an initial seed value {(guess)
for utilization. The results of this calculation allow the
model to iteratively adjust the utilization wvalue. After
a number of iterations, the model converges on a solution
which satisfies all the equations.

STEP 10 - Having determined the total number of tows, the
proportion of each lockage type, and the proportion of each
approach/exit type, the model sums the lockage component
times to find the total time devoted to commercial
lockages. Also, the average tow processing time, needed
for the expected delay calculation, can now be determined.

STEP 11 - The total time used for non-commercial lockages
is a model input based on historical data. It was assumed
that this input would be constant through the period of
analysis,

STEP 12 - The time that the lock will be unavailable for
locking of any type (stall time) was determined from
historical data and assumed to remain constant.

STEP 13 - Lock utilization is determined by adding the
total time the lock is being used for either commercial or
non-commercial lockages to the time the lock is unavailable
for lockages (stalls) and dividing by the total time in the
navigation season.

STEP 14 - Delay is calculated using the queuing theory

formulation previously mentioned. The ratio of the
standard deviation to mean lockage time is obtained from
historical data and assumed to remain constant. If

applicable, an adjustment is made to delay to account for
open pass conditions.

Although some wvariables in the above discussion are called
input variables, the model is indifferent to which
variables are input and which are output. As long as
enough variables are specified to define a solution, TK
Solver will find the values for the remaining variables.

E ~ 128



The form of the delay equation used in the GEM reguires
capacity and expected delay at 50 percent utilization as
input parameters. Lock capacity can be found by this model
using 100 percent as an input value for utilization and
allowing the model to solve for total tonnage. After
capacity is determined, half of this wvalue is input for
tonnage and the model solves for the expected delay
associated with that level of tonnage.

It should be noted that since the GEM uses a simplified
form of the expected delay equation, there is some
discrepancy between the expected delay computed in GEM and
that found by this model. This difference, however, 1is
well within the inherent uncertainty bounds of the
analysis. It 1s neither possible, not desirable, to
account for every phenomenon which affects expected delay
at a lock. The model attempts to accommodate the most
fundamental parameters,

Table 5 - 1 below displays the estimates of the lock
capacities and expected delays at 50 percent utilization
derived for the non-IHNC locks explicitly included in the
modeled system.

SIMULATION APPROACH
SIMULATION SETTING

The ability of the IHNC lock to process navigation traffic
is affected by the presence of two vehicular bridges and
one vehicular/railroad bridge that span the Inner Harbor
Navigation Canal. Moving south to north, the geographic
order of these structures is as follows: the St. Claude
Ave. vehicular bridge, the IHNC Lock, the Claiborne Ave.
vehicular bridge, and the Florida Ave. vehicular/railroad
bridge. Importantly, the St. Claude Ave. Bridge is
located between the approach point (waiting point) for
vessels ready for 1lock service entering from the
Mississippi River and the lock chamber. The approach peint
for vessels entering from the MR-GO is located between the
Claiborne and Florida Bridges.

Currently, both St. Claude and Florida are low-level
bascule bridges that require lifting for the passage of
every wvessel. The Claiborne bridge is a mid-level that
requires lifting for approximately 14 percent of navigation
traffic. However, the future without-project condition
includes replacement of the existing low-level Florida
Bridge with a high-level vehicular bridge and a separate
low=-level railroad bridge which will remain in the lowered
position until navigation requires it to be raised., For
with-project conditions the structural configuration of the
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Table5-1

Delay Function Parameters
Non-IHNC Locks

{Deterministic Method)
Delay at 50%
Capacity Utilization

Lock (millions of tons) (hours)

Port Allen 40.6 0.80
Bayou Sorrel 315 0.20
Algiers 30.4 0.80
Harvey 14.8 0.93
Bayou Boeuf al.7 0.30
Calcasieu 64.0 0.50




canal would be modified to also include 1) a new low-level
bridge at St. Claude and a new chamber located between the
Claiborne and the Florida bridges or 2) a new mid-level
bridge at St. Claude and no chamber replacement.

MODEL STRUCTURE

The Sim model is written in SIMSCRIPT, a language developed
specifically as an aid to simulation analyses. SIMSCRIPT
is an event-based language. That is, the program monitors
the system being modeled, and identifies the occurrence of
the next event. Simulation time is automatically advanced
to that next time.

Model Entities

SIMSCRIPT uses ‘entities' to model the character of the
system. In the current environment, these entities are:
~Vessel types

-Segments

—-Locks

-Bridges

-Curfews

The vessel type entity specifies the attributes of the
vessel including, arrival rates, physical characteristics,
and breakout strategy. A vessel is created as a temporary
entity, simulated only for as long as it is impacting on
the lock system.

A segment in the system identifies a portion of the region.
Segments are distinguished by location and function. The
IHNC system is modeled as five segments:

- the westbound arrival queue

~ the westbound staging area

- the lock

- the eastbound staging area

— the eastbound arrival queue.

A lock is a special type of segment. Because additional
information must be specified for a lock segment, the
decision was made to create an additional dual entity,
carrying all of the lock-specific information.

A bridge may be created as a means to measure the potential
impact of bridge operation policy. One special case of
this is the curfew period. The model is written to allow
the user to specify for each bridge any number of curfew
periods which restrict operation - providing starting and
ending times for each.



Model Components

With these entities in mind, a SIMSCRIPT program is written
to identify the activity within the system. A typical
program consists of three types of components--a preamble,
events, and routines.

a. Preamble. The preamble 1s the core of the
simulation, providing the global definitiéns for each
entity c¢lass, each event, each routine, and all global
variables and arrays.

b. Events. This program consists of five events—--~
Q. .ARRIVAL, SEG.ARRIVAL, LOCK.EXIT, NEW.DAY, and NEW.SEASON.
These form the core of the simulation; driving the activity
of the system.

Q.ARRIVAL simulates the arrival of a vessel to one of the
system queues. At this point, the vessel is created, any
relevant breakouts (tow cuts) are created and light boats
{assist vessels) employed. If the vessel 1is a priority
one, it is placed early in the queue. If the arrival is a
fly arrival, the vessel moves immediately to the
appropriate staging area--a calculation of travel time is
made to determine the time of arrival of the wvessel and an
event SEG.ARRIVAL is scheduled. The time of the next
arrival of a vessel of this type is determined, based on
probabilistic methods.

SEG.ARRIVAL simulates the arrival of a vessel to an
intermediate segment of the system. If the segment is a
lock, a call is made to LOCK.ARRIVAL, a routine which will
be described later. Otherwise, time of traversal to the
next segment is calculated and another SEG.ARRIVAL is
scheduled. If the next segment is a lock, a call is made
to LOCK.FILLER, also described later. The departure of a
vessel from a segment triggers a second SEG.ARRIVAL for a
vessel to fill the vacancy to be created in the current
segment.

A LOCK.EXIT simulates the departure of a wvessel, or set of
vessels, from the lock. Calculations are made to determine
the time at which the lock will be available for subsequent
service, routine LOCK.MASTER is called, and a SEG.ARRIVAL
is scheduled for all vessels leaving the lock. If the lock
departure represents the departure of the vessels from the
system, routine SYST.EXIT is called instead.

Events NEW.DAY and NEW.SEASON are time monitoring events.
NEW.DAY simply flags the start of a new day. NEW.SEASON
flags the start of a new season, and initiates the usage of
a new season-dependent chambering time.



c. Routines. In addition to the core events, the
simulation package also consists of seven routines - MAIN,
COLL.STATS, LOCK.ARRIVAL, LOCK.FILLER, LOCK.MASTER,
RD.DATA, and SYST.EXIT. These routines, unlike the events,
provide support for the events, performing much of the
functicnality of the system.

MAIN is the driver routine. A call is made to RD.DATA to
input the data, and the first set of arrival events are
created. In addition, initializations of the day and
season are accomplished through MAIN.Simulation is
initiated in this routine.

COLL.STATS is the statistics output routine. A call is
made to COLL.STATS at the end of every season and at the
completion of the iteration.

LOCK.ARRIVAL performs two functions when a SEG.ARRIVAL is
identified as a lock arrival. First, usage statistics are
tabulated. Second, a service time 1is calculated, to
determine the time of the LOCK.EXIT.

LOCK.FILLER is called from SEG.ARRIVAL to determine a
packing for the next usage of the chamber. Vessels are
selected from the appropriate waiting queue, in priority
order. LOCK.FILLER attempts to pack the chamber as fully
as is practical.

LOCK.MASTER 1s responsible for determining assignments to
the lock. Two policies are implementable in the program -
first-come first-serve, and k-up k-down. Once LOCK.MASTER
has determined which vessel(s) the lock will serve next, a
SEG.ARRIVAL is scheduled.

RD.DATA 1s the data input routine.

SYST.EXIT controls the departure of a set of wessels from
the system under study. All light boats are returned to
their home base, trawversing back through the lock.

MODEL INPUTS

~-The- Sim model requires detailed timing information on all
aspects of traffic transiting the system. In general,
timing data fall into two categories. One 1is the
"interference" effect of the wvehicular bridge structures
spanning the canal on traffic being processed through the
lock. The other is the duration of the lockage itself
which is comprised of several operational components.
Finally, the model requires traffic data by different tow
size classes in order to accurately estimate the
performance and volume of system throughput. The following




paragraphs will describe the inputs that were used and how
they were developed.

Timing Data

a. Bridge Interference. One way in which a bridge
affects navigation 1s when the bridge must be raised to
allow navigation traffic to pass. Unless the operation of
the bridge can be perfectly coordinated with the movement
of the tow, some interference will result. The bridge
operator must first wait for a sufficiently safe break in
the vehicular traffic flow, lower the traffic barriers, and
then raise the bridge to a safe height for navigation to
pass. This operation is required for every vessel wishing
to transit the IHNC Lock. Based on data collected
specifically designed to measure this interference effect
at the St. Claude Bridge, it has been estimated that this
interference causes on average a delay per opening of
approximately three minutes. This bridge interference
estimate is wused as an input in the Sim model.
Consequently the model effectively adds three minutes to
the total lockage time of each lock cycle.

A second way in which a bridge affects navigation is
through curfews which prevent the raising of the bridge
during selected hours of the day. If navigation requires
the bridge to be raised in order to pass, the curfew will
temporarily halt the flow of traffic. Currently, curfews
exist at each of the three bridges. However, the effect of
the St. Claude curfew is most significant given its
low-rise elevation and immediate proximity to the lock
chamber. Curfew period is an input into the Sim model and
its effects are therefore captured by the model.

The future with-project condition, which entails building
a larger lock north of Claiborne avenue, requires the St.
Claude Avenue Bridge to be replaced for realignment
purposes. Since the replacement bridge is proposed as a
low-rise, all navigation traffic will require that the
bridge be raised, as is the case currently for existing
conditions. However, because the new chamber will be
relocated northward in the canal from its present location,
the approach point for traffic arriving from the
Mississippi River would move to a point between the lock
chamber and the S5t. Claude Bridge. As a result, the
interference inherent in a low-rise bridge would not impact
lock processing time because the interference would occur
concurrently with another ongoing lockage. At Clailborne,
the bridge level will be the same as it is now, however,
with regards to bridge impacts on navigation, the bridge
will now disrupt a greater percentage of traffic. By
removing the existing lock and constructing a larger one
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north of Claiborne avenue, stages will necessarily rise
under the new Claiborne bridge due to Mississippi River
effects. As a result, this will require more bridge
openings than 1is currently necessary to accommodate
navigation. Analysis of stage and tow height distributions
has shown that approximately 26 percent of navigation
traffic would require the Claiborne bridge to open under
this with-project condition.

b. Lockage Times. A lockage is comprised of a series
of events that are required to transfer a vessel or tow
through a lock in a single direction. Timing information
for each of these events was calculated using 1988 - 1991
LPMS data and a 50 - year period of record for relevant
stage data in order to capture the impact of water levels
on lock operations. The following is a brief description
of each lockage event.

Approach time: The difference between the time the lock is
ready to serve the incoming vessel and the time when the
bow of the inbound vessel is abreast of the lock gates and
it is in a position parallel to the guide wall to enter the
lock chamber. The three possible types of approaches are:

1. Fly Approach: The lock has been idle and the
inbound vessel directly enters the chamber.

2. Exchange Approach: The vessel inbound to the
chamber passes a vessel ocutbound from the chamber.

3. Turnback Approach: The proceeding event is a
lockage in which no tows were served.

Entry Time: Time from bow over  sill to end of entry.
Usually the end of entry takes place when the tow or the
entering cut is secured within the lock and the gates are
clear.

Chambering time: The time required to completely fill or
empty the lock chamber.

Exit Time: The time from start of exit to end of lockage.
This is the difference between the time when the gates are
fully open, and when the indication to proceed is given,
and the time when the lock has completed serving a vessel
or cut and can be dedicated to another vessel or cut. As
with the approach time there are three types of exit.

1. Fly Exit: The lock will be idle following the
departure of the outgoing vessel.



2. Exchange Exit: The wvessel outbound from the
chamber passes a vessel inbound to the chamber.

3. Turnback Exit: The vessel to be served next is
going in the same direction as the outbound vessel and the
lock must be turned back with ne wvessels in the chamber.

Added time for Multivessel Lockages: A multivessel lockage
occurs when more than orne commercial vessel or tow is
served in a single lockage cycle. As a result, the
additional time it takes to process the additional vessels
must be taken into account.

IHNC Lock data was used in the production of these
component times for the without-project condition.
However, 1in order to evaluate improved lock conditions,
data on the Bayou Boeuf lock (1200 ft long) was used to
represent all 1200 ft long lock scenarios for entry and
exit times. This adjustment is necessary because entering
and exit times, for the most part, are a function of lock
length. The midpoint between the Bayou Boeuf lock times
and the existing lock (640 ft long) times were used to
represent all 900 £t long lock scenarios.

A multivessel lockage occurs when more than one commercial
vessel or tow is served in a single lockage cycle. As a
result, the additional time it takes to process the
additional vessel({s)/tow(s) must be taken into account.
Using the same four years of LPMS data, in the manner
described above, the additional time for multivessel
lockages were calculated for the existing lock (5 minutes),
all 900 ft long locks (7.5 minutes) and all 1200 ft long
locks (10 minutes).

The Sim model is structured such that the approach,
entering and exit times to be used for each tow size class
must be exclusive of bridge interference time since this
effect 1s separately entered as a model input. These
lockage times by tow class (described 1in subsequent
paragraphs) are presented in table 5 - 2.

Table 5 - 3 displays the estimated chambering times by lock
size, broken down into four seasons or quarters.
Chambering time wvaries over the course of a year as a
result of changing head conditions produced by Mississippi

River stages. Variation in chambering time is the
predominate reason for seasonal differences in average
delay. In order to capture this seasonal effect,

chambering times are specified on a quarterly basis. In
developing the chambering times displayed in table 5 - 3,
& 50-year period of record for stage data and chamber size



Table5-2

Average Lock Component Timas by Lockage Type and Towsize Class

LET

{Singla Vessel Lockage) Iy
Tow Sizes Existing Lock 1200 ft Locks 900 ftLocks
Approach Eniry Exit Approach Enty Exit Approach Entry Exit
Class Lenqgth () Widrh (fr) {minutes) {minutes} {minutes)

1 >=140 and <=223 =30 and <40 Fly 8 6 5 8 4 5 8 5 5
Exchange 8 6 6 8 4 6 8 5 6
Tumback 4 ] 6 4 4 5 4 5 55
2 >=140 and <=213 >=41 and <=60 Fly & 9 1 6 4 6 6 6.5 6.5
Exchange 9 8 7 9 4 6 9 65 6.5
Tumback 4 9 8 4 4 4 4 6.5 6
»>=224 and <=297 >=30 and <=40 Fly 8 6 5 8 4 6 8 5 55
Exchange 8 6 6 8 4 7 8 5 6.5
Tumback 4 6 6 4 4 6 4 5 6
4 >=214 and <=209 >=41 and <=6 Fly . 6 9 7 6 4 6 ] 6.5 6.5
Exchange 9 9 7 9 4 8 9 6.5 75
Tumback 4 9 8 & 4 7 4 6.5 75
8 >=230 and <=319 >=51 and <=70 Fly 6 9 7 6 3 7 6 6 7
Exchanga <] g 7 9 3 6 9 6 65
Tumback 4 8 8 4 3 0 4 6 8
6 »>=298 and <=419 >=30 and <=40 Fly 8 6 5 8 5 6 8 5.5 55
Exchange 8 6 6 8 5 8 8 5.5 7
Tuenback 4 B 6 4 3 6 4 55 6
7 »>=300 and <=389 >=41 and <=60 Fly 6 9 7 & 5 T 6 7 7
Exchange 9 9 7 9 5 8 9 7 75

Turnback 4 9 8 4 5 8
8 »=320 and <=435 »>=51 and «=70 Fly 6 g T 6 15 8 6 12 75
Exchange g 9 7 9 15 0 9 12 7
Tumbdck 4 9 8 4 15 0 4 12 8
9 >=420 and <=469 >=30 and <=40 Fly 8 6 5 8 5 8 8 5.5 6.5
Exchanga 8 6 6 8 5 8 8 55 7
Tumback 4 6 6 4 5 7 4 55 65
10 »=390 and <=469 >=41 and <=60 Fly 6 9 7 6 6 8 6 75 75
Exchangs ° 9 9 7 9 6 8 9 7.5 75
Tumback | 4 9 8 4 6 8 4 7.5 8
1t >=437 and <=459 »>=B81 and <=70 Fly 6 g 7 [ a 9 & 85 8
Exchange . 9 9 7 9 8 12 9 85 95
4 9 8 4 8 10 4 85 9

Tumnback




Average Lock Component Times by Lockage Type and Towsize Class-=- "

Table5-2

(Single Vessel Lockage)
Tow Sizes Exigting Lock 1200 ft Locks 900 it Locks
Approach Enby Exit Eq Exit En Exit
Clags Length (i} Width (f {minutes) {minutes) {minutes)

12 >=470 and <=619 ><=30 and <=40 Fly 8 6 5 8 7§ 7 8 6.5 B
Exchange 8- 6 6 8 7 9 8 6.5 75

Tumback 4 6 6 4 . 7 7 4 65 65

13 >=470 and <=540 >=41 and <=60 Fly 6 9 & 6 6 8 6 75 75
Exchange 9 9 7 9 6 9 9 75 8

Tumback 4 9 8 4 6 9 4 75 85

14 >=A460 and <=552 > and <=70 Fly . 8 9 7 6 7 8 6 8 75
Exchange 8, 9 7 g 7 9 9 8 8

Tumback 4 2] 8 4 i 1 4 8 95

15 >=520 and <=650 >»30 and <=40 Fly' 4 12 8 4 6 8 4 9 8
Exchange 9 12 8 9 6 9 9 9 85

Tumback 5 12 9 5 6 8 5 9 85

16 >=541 and <=802 »>=41 and <=60 Fly X ) 9 7 6 7 9 6 8 8
Exchanga ) 9 7 9 7 10 9 8 85

Turnback 4 9 8 4 7 8 4 8 a

3 >=553 and <=619 >=61 and <=70 Fly 6 g 7 6 ) 11 6 8.5 9
Exchange 9 8 7 9 8 21 9 8.5 14

Tumback - 4 9 8 4 8 21 4 8.5 145

18 >=603 and <=657 >=41 and <=60 Fly 4 12 8 4 7 8 4 95 8
Exchange 9 12 8 9 7 g 9 95 85

Tumback 5 12 9 5 7 10 5 95 95

19 >=620 and <=540 >=fil and <=70 Fly 4 12 8 4 9 8 4 105 8
Exchange g 12 & ] 9 1 9 105 a5

Tumback - & 12 9 5 9 13 5 105 11

20 >=b541 and <=680 »=61 and <=70 Fly - 4 12 8 4 ] 8 4 105 8
Exchange ) 12 8 9 -5 12 9 105 10

Tumback 5 12 9 5 8 10 5 105 45




Table5-3

Average Chambering Times by Season

(Minutes)

l_ocksize 1st Quanrter CY 2nd Quarter CY 3rd Quarter CY 4th Quarter CY
Existing Lock 10.3 10.0 7.8 75
900 x90x 22 7.8 8.2 6.6 6.6
900 x 110 x 22 8.0 8.4 6.8 6.8
900 x 100 x 38 9.1 9.7 6.8 6.7
1200 x 90 x 22 7.8 8.2 6.6 6.6
1200 x 100 x 22 8.0 . 8.4 6.8 6.8~
1200 x 100 x 38 9.1 9.7 6.8 6.7

E - 139



specific fill/empty times for varying head conditions were
used.

Traffic Data

Individual tow sizes were evaluated and grouped into 42
classes. As with the timing information, four year average
values (LPMS 1988 -1991), by tow size class, were used in
the production of the traffic base. Information for each
class consisted of average loads, average number of vessels
(upbound and downbound) and, specific to the lock size
being studied, the number of cuts that would be required
and their dimensions.

Table 5 - 4 displays the 42 towsize classes along with
their expected frequency and average loads. The 42 towsize
classes represent approximately 93 percent o¢f the total
four-year average number of tows and 89 percent of the
tonnage. These figures were adjusted upwards prior to
input by proportionally scaling the represented classes to
reflect a complete 100 percent traffic base.

Along with tows, information on ship traffic was also
compiled. The four year average of ship traffic at the
IHNC lock equaled 153 ships. All ship traffic was
reflected in a single vessel type.

To capture the effects of stall events on lock operaticen,
stall events were analyzed and represented in the model as
a vessel type. Stall events also cause the lock to be
unavailable for navigation until the event is concluded.
Stall events generally fall into 5 conditions. The first
is weather conditions which consist of fog, rain, wind etc.
The second is surface conditions consisting of river
current, flood, etc. The +third is tow conditions
consisting of interference by other vessels, tow
malfunction or breakdown, etc. The fourth is lock
conditions consisting of lock hardware malfunction,
maintaining lock, etc. The fifth is Other conditions
consisting of wvehicular bridge delay (vehicular bridge
delays resulting from curfews were separated from bridge
delays of other causes because the model explicitly deals
with bridge curfews.), tow detained by Coast- Guard etc.
The four year average for stalls at the IHNC lock was
divided into two separate categories in order to provide a
mere accurate representation of lock downtime. One
category consisted of typical stall events which had a four
year average of 44 events representing approximately 50
minutes each, while the other category consisted of one
outage equal to approximately 30 hours.



Table5-4
Average Number of Tows and Loads
By Tow Size Class
Tow Size Average # Average
Class Length (ft) Width (it} Of Tows Tons
1 >=140and<=223  >=30and <=40 704 205
2 >=140and <=213  >=41 and <=60 216 376
3 >=224 and =297 >=30 and <=40 1,306 644
4 >=214and «<=298  >=41 and <=60 486 680
5 >=230 and «=319 >=61 and <=70 318 812
6 >=298 and <=418  >=30and <=40 250 568
7 >=300 and <=389  >=41 and <=60 686 1,196
8 >=320 and <=436 >=61 and <=70 128 1,054
9 >=420 and<=469  >=30and <=40 328 1,691
i0 >=300 and <=463  >=41 and <=60 281 2,147
11 >=437 and <=458  »=61 and <=70 372 2,319
12 >=470 and <=619 >=30 and <=40 101 1514
13 >=470 and «<=540 >=41 and <=60 366 2,863
14 >=460 and <=552  >=61and <=70 444 2,506
15 >=620 and <=650  >=30and <=40 48 2,851
16 >=541and<=602  >=41and<=60 792 3,162
17 >=553 and<=619  >=61 and <=70 g2 2836
18 >=603 and <=657 »>=41 and <=60 294 3474
19 >=620 and<=640  >=61and <=70 182 4,980
20 »>=641 and<=680  >=61and «=70 377 3915
21 >452 and «=460 >80 and <=80 1 3,788
22 >355 and <=455 »>91 and <=108 62 3,619
23 =460 >109 and <=140 35 - 5,956
24 >470 and <=580 >80 and «=30 5 3,096
25 >504 and <=580 >91and <=108 62 " 4,666
26 >470 and <=580 >109 and <=140 57 6,364
27 >585 and <=640 >91 and <=108 186 6,144
28 >585 and «=640 >109 and <=140 23 8,204
29 =860 and <=700 >41 and <=60 270 3,992
30 681 and <=700 =70 10 3942
31 >700 ard <=760 »>41 and <=67 105 4,495
32 >700 and <=760 =70 14 3,948
33 »>770 and <=870 >41 and <=67 267 4,550
34 >770 and <=870_ 94 — 5,183 —

35 >871 and <=880 >41 and <=67 159 5,087
36 >B71 and <=980 =70 83 6,056
37 >085 and <=1285  >41 and <=67 101 7,568
38 >885 and «=1285 =70 91 7,441
39 >527 and <=627 =156 36 7845
40 660 and <885 =140 18 7841
41 >1286 and «<=1530 =70 19 10,737
42 >1180 and <=1530 =104 3 7,775




The last category of vessels, other than tows and ships,
that need to be considered, is that of light boats. These
are towboats that assist other tows requiring multicut
lockages. All tows requiring multiple cuts are required to
hire an .assist vessel to power each additional cut
(ready~-to-sexrvice policy). When the light boat completes
its assignment, it then receives priority as it returns to
its home base. The Sim model generates a lightboat
lockage (s) every time a tow requiring assistance appears at
the lock.

The traffic base, therefore, is comprised of 46 separate
classes of traffic. 0f these 42 are different tow
configurations, one is ship traffic, two are stall events
and the last is light boat traffic. Each of these classes
is assigned a lock priority status, which enables the model
to determine the order of service. The highest priority of
"O" is assigned to lightboats, the next highest of "1" is
assigned to ships, and status "2" represents a general
locking policy for all tow classes and stall types. Each
of these classes are assigned the appropriate component
lockage times from the "lock time table" section of the
input file.

Sample Input File

Table 5 - 5 shows a sample input file, représenting a
without~ project condition, used by the S$im model. A brief
description is provided alongside each line. Additional
discussion is provided for some key inputs.

a. Seed numbers: The three seed numbers specify a
chosen starting point for the arrivals generated randomly
by the model. The seeds are used for upbound arriwval,

downbound arrival, and vessel height.

b. Number ¢f Seasons: The model results represent one
90 day season, which is divided into four separate "mini®
seasons., The first three "mini" seasons consist of 23 days
with the last consisting of 21 days. In addition, an
initial warm-up period of ten days was included which
allows the model to begin tabulating results from an
already operational lock. As will be discussed later,
these results are then adjusted upwards to reflect an
annual figure.

¢. Number of Days Vessel Arrival Data: Initially set
at 365 days, the effect of reducing this wvariable is the
same as increasing the traffic level. As was mentioned
previously, the 42 tow size classes represent 93 percent of
the total wvessel traffic, therefore to reflect existing
conditions vessel arrival was reduced to 341 days in order



Table 5 - 5

Sim Model Sample Input File
For Without-Project Conditions

<lock 640x75< ** HEADER
L ** NUMBER OF ITERATIONS
new.seeads ** THE NEXT THREE LINES
34556833 SPECIFY AN ARRIVAL PATTERN
94727351
1032
100 5 _ ** 4 OF DAYS # OF SEASONS
10 23 23 23 999 ** LENGTH OF EACH SEASON
(INCLUDES A WARMUP PERIOD)
1 ** NUMBER OF LOCKS IN THE SYSTEM
5 ** NUMBER OF SEGMENTS IN THE
SYSTEM
QUP 1 ** SEGMENT ONE
999 ** QUEUE CAPACITY OF SEGMENT ONE
1 ** NUMBER OF BRIDGES BELOW
SEGMENT ONE
FLORIDA 999 0 ** BRIDGE NAME ¢ OF TIME BRIDGE DOES
NOT NEED TO BE RAISED BRIDGE
INTERFERENCE TIME :
0 NUMBER OF CURFEW PERIODS
arrival down .~ . ** SEGMENT TYPE
STAGE UP 2 ** SEGMENT TWO :
o1 - ** QUEUE CAPACITY OF SEGMENT TWO
1 ** NUMBER OF BRIDGES BELOW
SEGMENT TWO R X
CLAIBORNE .9 0 ** BRIDGE NAME % OF TIME i
BRIDGE DOES NOT NEED TO BE
RAISED BRIDGE INTER-
FERENCE TIME
0 ** NUMBER OF CURFEW PERIODS
staging
LOCK 1 3 ** SEGMENT THREE
1 **x QUEUE CAPACITY OF SEGMENT
THREE
i **x NUMBER OF BRIDGES BELOW
SEGMENT THREE
ST.CLAUDE 0 3 ** BRIDGE NAME % OF TIME
BRIDGE DOES NOT NEED TO BE
RAISED BRIDGE INTER-
FERENCE TIME
2 ** NUMBER OF CURFEW PERIODS
6 45 7 45 *%* START AND STOP TIMES OF CURFEW
ONE

16 30 17 30 ** START AND STOP TIMES OF CURFEW



TWO

lock
640 75 20 ** LENGTH OF LOCK WIDTH OF
LOCK QUEUE SEARCH LIMIT
10.25 10.25 10.0 7.75 7.5 ** CHAMBER TIMES BY SEASON
(INCLUDES A WARM-UP PERIOD)
00.0 15.0G 0.0 **%* TURNARCUND TIME FOR THE LOCK
5 0 *% ADDITIONAL TIME FOR
g MULTIVESSEL LOCKAGE
STAGE.DN 4 ** SEGMENT FOUR
1 ** QUEUE CAPACITY OF SEGMENT FQUR
0 ** NUMBER OF BRIDGES BELCW
SEGMENT FOUR
staging
QDN 5 ** SEGMENT FIVE
999
0
arrival up
341 ** NUMBER OF DAYS VESSEL DATA
REFLECTS
46 ** NUMBER OF VESSEL CLASSES
1 **% PERCENT OF FULL VESSELS
vtIl 1 ** VESSEL NAME VESSEL ID
2 1 170 35 205 **% PRIORITY STATUS HEIGHT

VESSEL LENGTH AND WIDTH
AVERAGE LOAD (TONS)

1 1706 35 1. ** NUMBER OF CUTS LENGTH AND
WIDTH OF CUT LINE ID # IN
LOCK TIMING TABLE

352 352 *% NUMBER OF DOWNBQUND AND

UPBOUND OBSERVATIONS

YEILZ 2
.2 1 170 54 376
1 170 54 1
108 108
vEI1ll 3
2 1 260 35 644
1 260 35 3
653 653
vtEII2 4

2 1 250 54 680
1 250 54 3
243 243
o5 0 et S 5
2 1 260 70 812
1 260 70 5
159 159
EITITL 6
2 1 3365 35 568
1 335 35 6
125 125
vtIII2 7
2 i 340 54 1196



wEIII3

vt IVl

vtIV2

vtIV3

vtVvl

vtVv2

vtvV3

VENVI1

vtVI2

vtVI3

vtVII1

2

vEVII2
2

vEVIII]
2

1 340 54 7

343 343

8

1 350 70 1054
1 350 70 8

64 64

9

1 440 35 1691
1 440 35 9

164 164
10

1 425 54 2147
1 425 54 10

140 140

11

1 450 70 2319
1 450 70 11

186 186

12

1 500 35 1514
1 500 35 12

51 51

13

1 500 54 2863
1 500 54 12

183 183

14

1 490 70 2506
1 490 70 14

222 222

15

1 620 35 2851
1 620 35 12

24 24

16 :

1 570 54 3162
1 570 54 16

396 396

17

1 575 70 2836
1 575 70 17

41 41

18

‘1 625 54 3474
1 625 54 18

147 147

19

1 620 70 4990
1 620 70 19

91 91

20

1 640 70 3915
1 640 70 19

189 189



vtIX1

vtIX2

vt IX3

vtX1l

vtX2

vtEX3

vtXI1l

vtXI2

. VEXII1

2

vEXII2
2

vEXIITL
2

vtXIV1

vEXV1

vtXVv2
2

1 456 90
2 456 54
R S

22

1 405 108
2 405 54
31 31

23 .
1 460 140
2 460 70
17 17

24

1 525 90
2 525 54
3 3

25

1 540 108
2 540 54
31 31

26

1 525 140
2 525 70
29 29

-27

1 610 108
2 610 54
93 93

28

1 610 140
2 610 70
12. 12

29

1 - 680 54
2 400 54
135 135

30

1 680 70
2 400 70
5 5

31

1 730 54
2 420 54
53 563

32

L 730 70
2 420 70
FE 7

33

1 810 54
2 460 54
133 133

34

1 810 70

3788
10

3619
10

5956
14

3096
14

4666
14

6364
14

6144
18

8204
17

3992

10

3942

4495
10

3948

4550
11

5183

456

405

460

528

540

bib

610

610

400

400

420

420

460

35

54

70

35

54

70

54

70

54

70

54

70

54

10
10
14
15
14
14
18

)

10

149

i 7

e



2 460 70 14 460
47 47
vEXVI1 35
2 1 925 54 5087
2 520 54 13 520
79 79
vEtXVI2 36
2 1) 925 70 6056
2 520 70 14 520
42 42 '
vEXVII1 37
2 1 1140 54 7568
2 620 54 18 620
50 50
vtXVII2 38
2 1 1140 70 7441
2 620 70 19 620
45 45
wEXVIII1 39
2 1 575 156 7845
3 575 b2 12 575
18 18
vEXIX1 40
2 1 820 140 7841
4 465 70 14 465
9 9
vtXX1 41
2 1 1350 70 10737
3 525 70 14 525
10 10
vtXXI1l 42
2 1 1350 104 1775
5 525 70 14 525
525 70 14,
.5 .5
ships 43
1 1 620 70 0
1 620 70 22
T2 2
stalll 44
2 1 620 70 O
1 620 70 24
95 95
stall2 45
2 1 620 70 0
1 620 70 25
1 1
lite 46
0 1 620 70 0
1 620 70 23
0 0
25
1 5 7 4 2 4 5

70

54

70

54

70

52

70

70

70

14

13

14

18

1.5

12

14

14

14

* &

* K

* &

* &

575 52 12
465 70 14 465 70 14
525 70 14

525 70 14 525 70 14
. \.-

SHIP TRAFFIC

STALL EVENT (TYPE 1)
STALL EVENT (TYPE 2)
LIGHT BCAT TRAFFIC

*% NUMBER OF LINES IN LOCK
TIME TABLE

** LINE ID # LK COMPONENT TIMES



2 6 9 4 3 6 5 8
3 6 8 4 2 5 D 6
4 5 9 4 4 5 6 7
5 7 10 4 4 D 6 7
6 6 8 4 3 2 6 7
7 7 ] 4 4 -z 6 7
8 g8 10 4 4 6 7 8
9 7 10 4 4 6 7 7
10 © 9 2 5 6 7 7
1k T Ld 5" 6 6 8 8
e B g 4 9 8 7 8
13 7 10 B 6 6 * 8
14 7 11 5 6 7 8 9
15 T 12 5 8 7 F 8
16 7 8 S 6 ? 7 8
L¥ 8 1l 6 8 9 9 10
18 7 11 5! 8 7 8 g
19 8 10 4 8 8 8 8
20 0 20 6 9 0 0 19
21 4 . 9 5 12 12 12 12
Z2 38 12 B8 21 1B 5 12
23 2 2 2 2 2 2 2
ad 11 11 11 13 11 11 1l

25 605 805 605 605 605 805 605

FCES 0 ** SPECIFIES LOCKING POLICY



to proportionally scale upward the represented traffic. It
is through use of this value that traffic can easily be
scaled up or down to reflect runs of different traffic
volumes or utilization levels.

d. Locking Policy: There are two separate locking
peolicies the model will analyze. One represents a
first-come; first-serve policy (FCFS), which is the current
IHNC locking policy. This simply means that the first tow
to arrive at the lock is the first considered for service.
The other policy is a n-up n-down policy, which specifies
how many tows in one direction will be processed before
tows in the opposite direction are processed.

MODEL OUTFEUT

Table 5 - 6 displays the various information the Sim model
produces as its output for without-project conditions at
capacity. Under the heading of "Delay Information™, the
average delay per tow estimates for the initial ten day
warm up period and the following four "mini" seasons are
presented. As was mentioned earlier, the total average
delay per tow figure excludes the warm up period in its
calculation. Under the heading of "Vessel Type Data",
lockage information for the 42 tow classes are shown in the
first 42 "vt types". Information on ship lockages, stalls
and light Dboats are shown in vt 43 through vt 45§,
respectively. The maximum level of tons processed through
the lock is presented under the heading of "Performance
Measures". This figure must be annualized and adijusted to
correct for the fact that the existing tonnage associated
with the 42 tow classes. did not fully represent all IHNC
tonnage. -

DELAY FUNCTION CALCULATICON

The delay function wused in this analysis is a simple
hyperbolic function. The two parameters that define this
type of delay function are lock capacity (in terms of tons)
and a k—value, which is the average delay per tow at half
of lock capacity.

Using the Sim model to calculate lock capacity for a given
condition involved a series of model runs with different
seed numbers for each. A total of fiwve runs (at existing
traffic levels) were made, each resulting in a different
average delay per tow estimate. The seed values
corresponding to the median delay estimate was then
selected to represent a typical tow arrival pattern. Using
these seed values, the arrival frequency of traffic was
systematically increased wuntil the level of tonnage



Sim Model Sample Output
Without-Project Conditions

e e o e e e ] S o —— - ———— . = ———— o ] —— ——— s o

Length Of Run 100 days
ARRIVALS
Upward 1641
Downward 1654
Light Boats 588
DELAY INFORMATION
season ave.delay {(mins) Q 0 curfew curfew
up down inbound outbound
(mins) (mins)
1 987 .21 15.5 i B 2.112 .7486
2 3450.91 69.1 68.9 2.287 vD2S
3 8346.30 93.4 146.2 2.477 477
4 8093.19 118.8 111.5 2.057 : 589
5 5989, 70 96.8 88.7 2.340 « 395
TOTAL 6540.58 94.3 102.9 2.277 .499
Histogram {hist(i) = #vessels, such that i-l<delay<i, hours}
2 5 5 3 6 8 8 8 3 7 5 8 10
11 12 11 8 6 10 8 12 9 4 17 14 9
5 8 6 6 10 18 14 16 25 11 10 8 15
8 10 13 10 3 11 11 8 18 11 13 17 15 1
17 15 10 9 10 13 8 10 6 10

VESSEL TYPE DATA
Unused space in columns

_ large cut small cut

Type proc(hrs) delay(hrs) #Arvls que max avg std max avg std
vt 1 101.36 100.58 245 92 470 . o4 84 0 0 0
vt 2 102.32 101.59 67 86 220 54 48 0 0 0
vt 3 117.90 117.15 403 89 380 110 82 0 0 0
vt 4 112.40 11372 131 82 390 94 60 0 0 0
vtk 5 111.95 111 :26 104 88 380 96 69 0 0 0
vt 6 117.30 116.52 75 91 305 102 143 0 0

vE 7 121,83 121,14 198 86 300 81 83 0 0

vt 8 104.19 103.49 43 70 290 60 72 0 0

vt 9 118.09 117.34 106 72 200 157 74 0 0

vt 10 118.19 1173 .52 98 g0 215 162 pricc. 0 0 0
vt 11 109.47 108.76 102 90 190 134 80 0 0 0
v 12 138.38 137.63 47 83 140 140 0 0 0 0
vt 13 127 .42 126.77 116 97 140 140 0 0 0 0
vt 14 113.08 112,39 168 83 150 150 0 0 0 0
vk 15 12170 120.94 17 77 20 20 0 0 0 0
vt 16 120.64 119.96 269 91 70 70 0 0 0 0
vt 17 - 98.58 97.80 21 81 65 65 0 0 0 0
vt 18 124.87 124.15 112 82 15 15 0 0 0 0
vt 19 104.28 19.3:., 57 60 89 20 20 0 0 0 0
vt 20 132,58 132 .89 130 91 0 0 0 0 0 0
v 21 186.03 184.90 1 137 184 184 0 0 0 0

O @ W

—



COOO0OO0OC0COO0DDTLOCO DO OODOoOOoOOo0 OO0

OO0 OCO D000 OO0 OOOO00O00O
OO0 0O0O00OOCOOCO OO OOOOODOODO0OC0COO0O00O

103445919.00 \
6539688.00

e B2 111.46 110.40 14 109 235 192 74
g 23 121..95 120.93 10 85 180 161 53
vt 24 40.55 36.45 2 48 115 115 0
vt 25 141.05 138.46 16 79 100 100 0
vt 26 11477 113.656 26 100 115 115 0
wt 27 131.16 128.49 71 102 30 30 0
vt 28 152.97 151.79 7 110 30 30 0
vt 29 123 .54 119.76 895 81 240 190 T
vt 30 22,45 o 1 23 70 70 0
¥t 31 104.06 103.08 31 88 220 186 68
vt 32 209.61 208.25 1 121 220 220 0
vt 33 144.85 142.24 98 83 180 137 74
vt 34 143.30 139.12 30 79 180 124 80
vt 35 112.96 111.85 48 73 120 120 0
vt 36 94.53 93.42 24 0 120 120 0
e 37 131,81 128,13 34 74 20 20 0
vt 38 110.54 109.45 29 69 20 20 0
vt 39 107.74 106.39 21 70 65 65 0
vt 40 118.89 117,03 7 115 175 154 56
vt 41 92.84 91.39 7 56 115 115 0
vt 42 0. 0. 0 0 0 0 0
vt 43 35.21 34.27 47 10 20 20 0
vt 44 122.39 121.46 70 87 20 20 0
vt 45 68.07 37.39 1 47 20 20 0
vt 46 61l.21 60.87 588 16 20 20 0
LOCKAGE INFORMATION - lock 1
Total number of lockages completed 3372
Total upbhound 1504
Total downbound 1536
PERFORMANCE MEASURES
Throughout (area) 103445919.00" (season)
Throughout (tons) 6539688.00
HISTOGRAM
{hist (i) = #lockages, such that i-l<#served in lockage<=i}
2420 496 77 43 3
SPATIAL UTILIZATION
average utilization of lock area 71 %
std. dev. utilization 15 %
HISTCGRAM {hist (i) = #lockages with i-l<(space utilized/100)<i}
< 0 <10 <20 <30 <40 <50 <60 <70 <80 <90 <100
0 1 2 22 255 511 827 482 101 838 0
UNUSED DIMENSION
average unused length 83 (ft.)
std. dev,. 74
average unused width 13
std. dev. 8



SOME MORE STATISTICS
average # vessels
checked for each

lockage 2
std. dev. 5
max # 20

average sum of all
lengths of vessels/lock 577 (ft.)

std. dev 125
max length 1230
average sum of all

widths of wvessels/lock 70
std. dev. 20
max width 175

average sum of all

areas of vessels/lock 34039
std. dev 7294
max area 44800

B — 152



processed by the lock no longer increased. This point
defined lock capacity.

In crder to calculate the corresponding k-values, the model
was run at various traffic levels below capacity to provide
additional points along the delay function. These
estimates of tons processed and average delay per tow,
along with the specified capacity, were used to calculate
the k-value that generated the "best fit" hyperbola to the
model values. The "best fit" functicon is identified as the
function that minimizes the sum of the squared differences
between the actual model estimates and the specified
function estimate. The measure of the fit is referred to
as the coefficient of determination or R—squared.

MODEL RESULTS

Table 5 - 7 provides a summary of model results for the
with and without-project scenarios at capacity. The table
first displays how multivessel lockages wvary with lock
size. As expected, the larger the lock size, the greater
is the percentage of multivessel lockages. In the existing
lock results, note that approximately 79 percent of all
lockages are single lockages with practically none in the
five tow/lock category, whereas in the 1200 x 110 x 36 ft
locksize, almost none of the lockages are single lockages
and approximately 44 percent are in the five tow/lock
(without curfew) category.

The next section in table 5 - 7 displays how multicut
lockages wvary with locksize. Ags expected, the model
results show that as the lock size increases, the
percentage of multicut lockages decreases to the extent
that in the 1200 ft length locks, practically all lockages
are single cuts.

The Sim model also provides information on surface area
utilization for the wvarious lock dimensions. As table 5 -
7 shows, the range of values for surface area utilization
is from approximately 71 percent with the existing and 900
x 90 ft locks, to approximately 85 percent with a 1200 x
110 ft lock.

Finally table 5 - 7 displays tons per lockage and capacity
estimates for the wvarious lock sizes. In addition, the
percentage increase in capacity by removing bridge curfews
is also presented along with the average processing time,
As 1s shown, capacity estimates range from a low of 27.6
million tons for without-project conditions to a high of
74.9 million tons for the 1200 ft x 110 ft x 36 ft lock.
The impact of removing bridge curfews on lock capacity is
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Table5-7

Simulation Summary StatisicS .
at Capacity
640%75x31.5 900x90x22 900x110x22 900x110x36 1200x90x22 1200x110x22 1200x110x36
with wio Mid StCl with wio with wio with wio with wio with wio with w/o
cufew cufew  wiocur curfew __curfew curfew  curfew curfew  curfew cufew  curfew cufew  curaw cudfew  aurfew

PetOne TowA ook 789 768 798 340 373 175 173 176 156 84 85 09 14 09 09
Pt Two Towslack 169 88 165 13 385 172 196 183 19.8 295 308 42 42 4.0 3.2
Pct Three TowsLock d ] 27 23 18.1 185 350 327 35.1 35.1 270 26.7 175 175 16.4 139
Pet Four TowsLock 15 15 1.1 56 47 277 263 259 26.0 217 214 396 405 405 a7
Pet Five TowsLock 0.1 a2 02 10 1.1 27 40 30 35 13.4 125 378 36.4 383 443
Total 1006 100.0: 1000 100.0 100.0 100.0 1000 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Avg TowsfLock 127 1.29 125 1.98 1.94 281 280 278 282 3.02 299 4.09 4.06 4.1 4.21
Pct Tows 1-aut 834 834 834 924 924 943 944 94.1 948 999 999 1000 1000 100.0 100.0
Pct Tows 2-cut 16.4 164 164 75 75 57 56 59 52 0.1 0.1 00 00 0.0 0.0
Pa Tows 3-cut 0.1 0.1 0.1 0.1 0.1 00 0.0 0.0 00 0.0 00 0.0 0.0 0.0 0.0
Pct Tows 4-cut 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 0.0 0.0
Total 1000 100.0 100.0 100.0 100:0 1000 100.0 1000 100.0 100.0 100.0 100.0 100.0 1000 1000
Surface Area Uil:
Pet Ul 71 3 69 70 69 82 82 82 82 75 75 a5 B4 85 87
Uit 8.D. 15 15 17 19 19 12 12 12 12 13 13 9 10 g9 7
Unused Length{ft) a3 84 94 101 106 60 64 62 61 74 73 51 52 51 42
Unusead Length SD. 74 74 86 107 110 73 78 76 73 70 73 47 47 47 36
Unused Width{i) 13 13 14 14 14 5 5 5 5 10 11 5 5 § 4
Unused Width S.D. 8 8 9 15 15 7 8 8 8 12 12 5 6 6 4
Tons/Lockage 2,152 2,162 2,088 3,961 3922 5,897 5827 5833 5,960 7,019 6944 94872 9,845 9,752 10,072
Capacity (mil) 276 28.8 296 448 46.3 570 59.4 570 592 613 636 735 757 723 . 749
Pe1 Capacily

Imp wio Curfew - 45 35 - 4.2 - 38 - 38 - 30 - 36
Average Processing Time

(Minules) 61 58 56 58 62 68 65 67 65 66 B85 69 72 72 74




approximately a three to four percent increase for all
sizes.

Table 5 - 8 presents lock capacities and k-values for the
first—-come; first—serve policy associated with each of the
lock sizes that were eventually evaluated in the GEM. In
addition, the table also shows a corresponding R-squared
value for each estimated equation. The R-squared reflects
the degree of "fit" between the model calculated
tonnage-delay points and the equation fit to those points.

Also displayed in table 5 — 8 are the capacity and k-values
for the existing lock operating under the n-up; n-down
policy. Equation parameters are shown for n = 3 and n =5,
With a capacity of 27.1 million tons and a k-value of 3.4,
S-up; 5-down is clearly inferior to the existing first-come
first-serve policy. For n = 3, capacity is slightly lower
{(27.2 million tons) compared to the existing locking policy
capacity (27.6 million tons) and the k-value for n = 3 is
much higher. As a result, the average delay for a given
tonnage level 1is actually higher with n = 3 than with
current policy.

In order to visually highlight the relative differences
between alternatives, figures 5 - 1 through 5 - 5 are
provided. Figure 5 - 1 displays delay functions for the
existing lock, with and without bridge curfews, and with a
mid-rise St. Claude Avenue Bridge, without bridge curfews.
Figures 5 - 2 and 5 - 3 display delay functions for four
improved shallow draft locks with and without bridge
curfews, respectively. Figures 5 - 4 and 5 - 5 display
delay functions for two deep draft locks with and without
bridge curfews, respectively.



Table5-8

Delay Function Parameters

Existing And Improved IHNC Lock

(Simulation Method)
Condition Capacity
{First-Come:First-Serve) (1,000 Tons) K-Value R-Saguare
Existing Lock 27.6 2.05 0.8800
Existing Lock
New Bridge w/o curfews 29.6 1.05 0.9462
Existing Lock w/o curfews 28.8 1.56 0.9098
900 x 90 x 22 w/curfews 448 0.60 0.9983
900 x 90 x 22 w/o curfews 46.3 0.36 0.9466
1200 x 90 x 22 w/curfews 61.3 0.42 0.9945
1200 x 90 x 22 w/o curfews 63.6 0.43 0.9998
900 x 110 x 22 w/curfews 57.0 0.51. 0.9698
900 x 110 x 22 w/o curfews 59.4 0.50 0.9910
1200 x 110 x 22 w/curfews 735 0.44 0.9619
1200 x 110 x 22 w/o curfews 78,7 0.42 . 08917
900 x 110 x 36 w/curfews 57.0 0.67 0.9685
900 x 110 x 36 w/o curfews 59.2 0.48 0.9330
1200 x 110 x 36 w/curiews 723 0.40 0.9242
1200 x 110 x 36 w/o curfews 749 0.42 0.9449
3-Up:3-Down Policy
Existing Lock 27.2 2.85 0.9344
5-Up:5-Down Policy
Existing Lock 27.1 3.35 0.9456

E = 156
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FIGURE 5-3. DELAY FUNCTIONS

SHALLOW DRAFT LOCKS WITH NO CURFEWS
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FIGURE 5- 4. DELAY FUNCTIONS
DEEP DRAFT LOCKS WITH CURFEWS
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SECTION 6 - WITHOUT-PROJECT CONDITION

OVERVIEW

Identification of the most likely condition expected to
exist in the future in the absence of any improvements to
the existing navigation system is a fundamental first step
in the evaluation of potential improvements. The without-
project condition serves as a baseline against which
alternative improvements are evaluated. The increment of
change between an alternative plan and the without-project
condition provides the basis for evaluating the beneficial
or adverse economic, environmental, and social effects of
the considered plan. Definition of the without-project
conditicn and, where appropriate, the rational for
inclusion of a specific assumption are presented below.

DESCRIPTION

The without-project condition identified for use in this
study includes the following analytical assumptions:

1. Operation and maintenance of all system locks will be
continued through the period of economic analysis to ensure
continued navigability.

2. To provide continued service equal to existing levels,
it will be necessary to make above normal maintenance
expenditures to the existing IHNC lock. The maximum amount
of extraordinary maintenance for a specific feature of work
is estimated to be $4.5 million. All features will be
funded by the operations and maintenance budget. These
costs in excess of normal maintenance costs are estimated
to total 16.1 million dollars over a 4-year period. The
total dollar expenditure schedule by year is given below.

Yr 1 - 1999 $6.3 million
Yr 2 - 2000 $3.8 million
Yr 3 - 2001 $4.5 million
Yr 4 - 2002 $1.5 million

Extraordinary maintenance would include the following
items:

a.) Miter Gate Leaves and Miter Gate Machinery - Four
single skin gate leaves will be constructed to replace the
four main operating gate leaves. Installation of the new
gates would be done concurrently with replacement of the
existing gate operating machinery for the four main



operating gates with hydraulic operating systems. The gate
bays will be dewatered for installation and adjustment of
the gates. The lock will be closed to navigation for six
weeks.

The existing gates are of an obsolete, double skin, riveted
design that requires intensive mailntenance. The gates are
designed with air chambers for flotation which must be kept
evacuated at all times. The air chambers leak excessively
necessitating frequent pump-out of the gates. The
complexity of the internal structure of the gates
considerably impacts the repair costs.

In the interest of minimizing lock closure due to repairs,
the typical sequence entails substituting the auxiliary
gates for the operating gates when the operating gates are
removed for repairs. This practice has resulted in a
general shuffling of all gates from their original
positions. The gates were originally constructed in place,
and although the gates are theoretically identical and
interchangeable, problems have been experienced with the
fit of the gates in various positions. In some cases, all
efforts to adjust the gates have failed to draw the gates
fully into their recesses in the fully open position. This
has introduced the hazard of the gates being hit by tows
and the potential for serious damages. Replacement of the
existing Panama Canal type gate operating systems, with
direct acting hydraulic c¢ylinders would overcome gate
adjustment limitations.

The cost of gate leave replacement and operating machinery
replacement are estimated to be $4.0 million and §2.3
million, respectively. Both items are scheduled for 1999,

b.) Emergency Dam Crane - The existing emergency dam
crane is not considered reliable for emergency closure of
the lock. The crane does not afford sufficient capability
to manipulate the stoplogs to ensure that they could be
lowered in a flowing water condition. Consequently
replacement is required. A 175 ton capacity boom type
crane or stiff 1leg derrick will be regquired. No
interruptions to navigation will be required to accomplish
this replacement. The cost of this work is estimated to be
$3.5 million and is scheduled for the year 2000.

c.) Control Houses - This item will replace the
existing prefabricated buildings with permanent masonry
concrete structures. The existing control stations consist
of small fiberglass booths that house gate and wvalve
control switches. The booths are mounted directly to the
lock wall and provide no vantage point for lock operators
to observe the progress of vessels entering or exiting the



lock. Additionally, the existing booths provide only a
marginally suitable work space for the lock operators.

Replacement o©of the existing booths with raised control
houses is necessary to improve visability and provide a
suitable working environment for lock operators. No
interruptions to navigation will be required for
construction of the new control houses. The cost of this
work is estimated to be $0.3 million and is scheduled for
the year 2000.

d.) Wall Armor Retrofit - Existing lock concrete is
heavily spalled and requires retrofit with steel wall armor
and/or other cladding materials. The concrete is worn down
to the steel reinforcement in many locations. There are
numerous cracks in the lock walls that cause leakage into
the gallerys during high water seasons. Without repairs
the structural integrity of the lock chamber may be
compromised, and unacceptable leakage will continue. The
eroded surface of the lock walls, and protruding steel
reinforcement, cculd cause damage to vessels transiting the
lock. Additionally, there are no mooring pins in the lock
walls. Consequently, lock operators must handle lines for
vessels transiting the lock. This is particularly
dangerous since the operators must walk the wall outside of
the protective handrails. A fall from the lock wall has a
high potential for fatal injury.

Repair of the concrete chamber would require dewatering of
the lock, and a closure of approximately 60 days. Repair
costs are estimated at $4.5 million and are scheduled for
the year 2001.

e.) Concrete - Repairs are required to the concrete
masonry in the upper 12 feet of the lock walls in the

vicinity of the machinery rooms. The lock concrete has
spalled and some rebar is exposed on overhead beams.
Exposed rebar is heavily corroded. Some of the ceiling

slab needs repair. Some columns alsoc have exposed rebar.
If this work is not done, leakage, corrosion, and failure
of the structure will occur. No interruptions to
navigation will be required for these repairs. The cost of
this work is estimated to be $1.5 million and is scheduled
for the year 2002.

3. Lock closure assoclated with miter gate leaves and
machinery, and wall armor retrofitting will be announced in
advance to allow navigation interests the opportunity to
plan for the outage and to minimize the impacts of closure.

4, All existing waterway projects or those under
construction are to be considered in place and will be



operated and maintained through the period of analysis.
This includes all shallow-draft lock and channel projects
as well as deep-draft channel projects including the
Mississippi River-Gulf Outlet.

5. Baptiste Collette is not considered a viable long-term
alternative to use of the IHNC Lock. Baptiste Collette is
located at mile 11.3 above the Head of Passes on the left
descending bank of the Mississippi River. This channel
connects the Mississippi River with the Breton Sound area
and the Mississippi River-Gulf Qutlet. By utilizing this
route, which is approximately 160 miles 1long, it is
possible to circumvent the IHNC Lock.

However, Baptiste Collette is not considered to be a viable
alternative to the IHNC Lock, except in the case of
proleonged lock closure for some parts of the year and then
only for certain commodities. The primary problem, beyond
the added distance, is the unpredictable weather conditions
on the open channel across Breton Sound, particularly
during the .winter months. The potential for quickly
developing bad weather is compounded by the fact that the
decision to commit to Baptiste Collette must be made 10 to
12 hours before actual exposure to the open channel. 1In
addition, higher insurance premiums may be required from
shippers on shipments routed via Baptiste Collette.
Operators contacted during the course of this study
indicated that they would prefer facing delays at the IHNC
Lock significantly in excess of the implied delay that
would equate to the additional travel distance, rather than
the uncertainties of Baptiste Collette. In regard to the
useability of Baptiste Collette, the American Waterways
Operators has taken the position that Baptiste Collette
should not be considered as a viable alternative to the
IHNC Lock except under the most extreme circumstances. As
a result these considerations, use of Baptiste Collette was
not considered to represent a viable alternative to IHNC
Lock use and therefore was not a factor in determining the
least cost non-system route.

6. Delay and congestion costs at other potential system
constraint points not directly modeled will not change
significantly over the period of analysis.

7. All system locks are using the most efficient locking
policies.

8. The State of Louisiana will replace the current
low-level Florida Avenue roadway/railway bridge with a new
high-level roadway bridge. A new low-level railway/roadway
bridge will be constructed under the authority of the
Truman Hobbs Act.



9. Alternative non-system transportation means (rail and
non-system water) are assumed to have sufficient capacity
to move diverted system traffic at current costs cover the
period of analysis.

10. Waterway user taxes will continue in the form o¢of the
towboat fuel tax prescribed by the Water Resources
Development Act of 1986, Public Law 99-662.

11. The capacities of system locks are as presented in
tables 5 - 1 and 5 -~ 8.

12. Traffic demands on the system will grow at the mid
growth rates.



SECTION 7 - SHALLOW-DRA¥T SYSTEM ANALYSIS
OVERVIEW

GEM was run to estimate the total transportation cost
savings (NED benefits) attributable to the with and
without-project conditions. The model was used to estimate
the benefits to the existing and improved systems for
calendar years 1990, 2000, 2010, 2020, 2030, 2040, and
2060. For intermediate years, the system transportation
benefits are estimated by assuming a constant change in
benefits between the yvears explicitly modeled.

WITHOUT-PROJECT CONDITIONS

Table 7 - 1 summarizes the results of the without-project
GEM runs. Displaved are the annual tonnages and expected
levels of delay for modeled system locks. Annual tonnage
moved on the entire system as well as the annual net
transportation cost savings of the system. {(Note that
system tonnage does not include tonnage that does not
transit at least one of the modeled GIWW locks.) The
following paragraphs are observations regarding the model
results for the without-project condition.

The GEM estimates of system and lock traffic for the
existing 1990 conditions agreed with observed data. GEM
showed 82.8 million tons of total traffic in the modeled
system compared with the WCSC plus constructed movement
tonnage estimate of 82.8 million tons (adjusted for the
deletion of "small" and negative gross cost savings
movements) . The results at individual locks were also
quite reasonable. However, because of the nature of the
reconciliation process that jointly reconciled Port Allen,
Algiers and Harvey 1locks, comparison of "actual" 1990
tonnages and GEM <results required some additional
treatment.

Table 7 - 2 provides the basis for comparing "actual"™ 1990
traffic with the model resultsg, by lock. The first column
of tonnages shows adjusted WCSC tonnage, i.e., original
WCSC tonnage plus constructed movements. The second column
of tonnages represents an estimate of adjusted WCSC
corrected for alt code misassignment. This adjustment
applied to Port Allen, Algiers and Harvey directly, and to
Bayou Sorrel and Bayou Boeuf by routing implication. The
basis for the estimate of the corrected routings for Port
Allen, Algiers and Harvey was the LPMS tonnage for each
lock multiplied by the sum of adjusted WCSC for the three
locks, divided by the sum of LPMS for the three locks. The
third and fourth column of tonnages represent the number of
movements deleted from the movement file that had negative



Table 7-1

Without-Project Conditions
Tonnage and Delay by Lock
199d 2000 2010 2020
Tons Delay Tons Delay Tons Delay Tons Delay
Lock {Millions) __(Hrs) [Millionsy __ {Hrs) {Milfions) __{Hrs} {Milions) __ (Hrs)
Port Allen 278 1.7 308 25 31.2 26 315 28
Bayou Somel 271 85 298 159 30.1 19.6 30.3 229
IHNG 23.1 104 255 253 26.3 40.7 266 525
Algiers 245 33 24.5 3.3 26.4 53 27.0 6.4
Harvey 38 0.3 43 0.3 6.9 08 86 13
Bayou Boeut 28.0 09 286 0.9 323 18 347 34
Calcasieu 46.3 13 50.2 1.8 56.9 4.0 62.3 18.0
Total Tons g8 874 96.1 100.8
Total Net Savings 12515 1,2749 1,385.0 1,407.0
Savings per Ton 1512 14.60 14.42 13.96
2030 2040 2060
Tons Delay Tons Delay Yons Delay
Lack {Millions) {Hrs) {Milliong} __(Hrs) {Millions) {Hrs)
Port Allen 31.7 29 3to 29 325 32
Bayou Sorrel 30.3 228 303 221 30.3 228
IHNC 266 54.5 26.7 60.2 26.7 60.2
Algiers 274 73 277 8.4 277 8.1
Harvey T 99 19 10.2 21 . 98 1.8
Bayou Boeuf 363 78 -a7.0 163 36.6 10.2
Calcasieu 634 88.3 63.7 101.3 638 182.7
Total Tons 1023 103.4 104.9
Total Net Savings 1,2256 1,250.3 1,153.8
Savings per Ton 11.98 12.09 11.00
B —-167
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Table 7-2

——

Comparison of Reported 1980 Traffic and GEM Results

(1,000 Tons)
Adjusted WCSC Deleted Deleted Comparison
Adjusted Corrected for Negative GCS “Small" “"Actual’ GEM GEM

Lock WCSC Routings Movements Movements 1990 Results Differences
Port Allen 28,210 27,800 161 13 27,626 27,811 185

Bayou Sormel 27,781 26,401 225 14 26,162 27,095 933

IHNC 23,493 23,493 405 32 23,056 23,056 0

Algiers 24,628 25,000 71 17 24912 24,501 (411)
Harvey 3,538 3,600 57 15 3,528 3,780 252

Bayou Boeuf 27,845 27,628 112 33 27,483 27,967 484

Calcasieu 46,501 46,501 152 28 46,321 46,321 0




gross cost savings and those that were relatively "small".
The last two columns show the individual lock tonnages from
GEFM and the difference between GEM and "actual™ 1990.

The GEM results are quite reascnable estimates of recorded
results for 1990. Given "non-optimal” actual behavior, the
fact that "actual" 1990 tonnages are themselves only

estimates for —certain routes, the assignment of
transportation costs to the population of movements from
the actually costed movements in the sample, the

approximation in delay function estimation in part due to
the use of an average head condition, and the loss of some
detail in the aggregation of the movement file, the results
generated by GEM represent a high degree of calibration of
the model for this study where emphasis is on the IHNC
Lock.

The without-project condition results displayed in table 7
- 1 assume that all structures continue to provide service
at historical levels. The results do not account for the
services outages at IHNC Lock that would result from the
rehabilitation work described in Section 6. The navigation
impacts resulting from these outages are however, guite
substantial, and must be taken into account.

To guantify the navigation impacts of these outages, the
GEM was run with a modified navigation netwoxrk specified.
The specific modification was to express IHNC Lock capacity
as zero. This created a situation that effectively
represented lock closure. With THNC Lock closed within the
model logic, traffic with an IHNC routing was forced to
seek a non-system alternative (Ten-Tom, rail, or truck)
since there are no alternative system routings that involve
IHNC Lock specified for any movement.

Several considerations lend support to this formulation of
impact measurement. First, the duration of the closures is
fairly significant, 30 days per closure. Given durations
of this length, users would be motivated to make
adjustments to current practices. Second, closures would
be announced well in advance of implementation. This would
permit users to carefully plan and schedule their actions.
Third, the distribution of the gross cost savings for IHNC
Lock traffic in the relevant time period 1is heavily
welghted to the lower end of the savings scale relative to
the savings that are equivalent to the length of the
closures. Approximately 40 percent of tonnage has a gross
rate savings equivalent to a wait of up to only three days,
85 percent of tonnage up te 15 days, and 95 percent of
tonnage up to only 19 days. Conseguently, the likelihood
of diversions is great.



The c¢losure scenaric was run for the vyear 2000, the
mid-point of the bL-year period during which the
rehabilitation work is scheduled. The system
transportation savings associated with this condition were
subtracted from the without-project system transportation
gsavings in order to measure the impact of closure. Given
the non-seasonal nature of tonnage on this system, this
annual value was divided by twelve to represent a monthly
value.

The navigation system impacts of IHNC Lock closure are
summarized in table 7 - 3. This table displays the change
in the without-project and lock closure conditions for
tonnages and average delays at each system lock. As a
result of lock closure, total system tonnage is reduced by
an amount equal to the without-project condition IHNC Lock
tonnage. Because of the multiple lock use associated with
the diverted tonnage, the volume at the other system locks
declined as well. The tonnage decline at these other locks
produces the beneficial effect of lowering their respective
average delays. The traffic that continues to be served by
these locks enjovs the advantage of the lower delay. The
impact of these lower delays is captured in the system
savings for the closure condition and mitigates, to some
extent, the negative effect on system savings that results
from the diverted traffic. In total, system savings would
fall by $242.9 million for a twelve month period ($20.2
million per month), the equivalent of $9.51 per diverted
ton.

As described earlier in Section 6, the navigation losses
that will result from IHNC Lock closure are part of the
without-project condition. However, these losses are not
reflected in the without-project condition displayed in
table 7 - 1. As such, the system cost savings for the
without-project condition are overstated. Therefore, when
cost savings for improved conditions that eliminate the
need for rehabilitation are subsequently measured, the
savings for that improved condition will be understated.
To correctly reflect the level of with-project savings and
also to help is6late the impacts of lock closure,
navigation losses associated with rehabilitation work have
been reflected, not as part of the without-project
condition, but as a separate impact that can be claimed, as
appropriate, as a project savings.

WITH-PROJECT CONDITTIONS

The with-project scenarios consist of six larger IHNC Lock
gizes built north of the Claiborne Avenue Bridge. For each
of these, two separate benefit calculations were done. One
assuming that the existing bridge curfews on the Claiborne



Table 7- 3

IHNC Lock Closure Impacts

W/Q Project
(Yr 2000)

Tons Delay

IHNC Closure
Change In:

Tons Delay

Lock {1,000} {Hrs) (1,000} (Hrs)
Port Allen 30,817 25 20 0
Bayou Sotrel 29,808 159 9 -01
IHNC 25531 253 (25,531) -25.3
Algiers 24,513 33 (8,776) -1.6
Harvey 4,343 0.3 (2,901) -0.2
Bayou Boeuf 28,616 0.9 (6,078) -0.5
Calcasieu 50,164 1.8 (5/451) -06
Total System 87,350 (25,531)

W/O Project IHNC Closure

(Yr 2000) Change In:

System Savings
{($1,000) 1,274,892 1,032,039




Avenue Bridge will continue, the other assuming that the
curfews would be removed. In addition to the alternatives
just mentioned, two other with project scenarios were
studied. The first analyzed the results of replacing the
existing low level St. Claude Avenue Bridge with a mid-
level bridge, while still using a "rehabilitated" existing
lock. The second studied the effects of removing bridge
curfews at the existing St. Claude and Claiborne Avenue
Bridge, while retaining the existing "rehabilitated" lock
and bridge structures. Focusing on the IHNC Lock, tables
7 - 4 through 7 - 10 display the average delay, traffic
processed, and transportation cost savings results of the
GEM runs for each scenario, including the without-project
condition, by the future vyears specified above. The
following paragraphs are observations regarding the model
results.

Table 7 - 4 shows the GEM estimates of average delay per
tow for the without-project and wvarious with-project
conditions. Table 7 - 4 shows that in the with-project
scenarios of replacing the existing St. Claude Avenue
Bridge with a mid-level bridge or removing bridge curfews,
a significant reduction in IHNC Lock average delay results.
However the magnitude of the reduction diminishes over time
and finally reaches the point where the delay would return
to the level of the without-project condition.

This behavior occurs because as these alternatives are
implemented there would be a modest ocutward shift in the
delay function (see figure 5 - 1) reflecting a higher
capacity. While modest, the immediate effect of this shift
on average delay would be significant because of the
general functional form of the relationship. There would
be movement from a point representing a high level of
utilization on a relatively steep portion of the original
function to a point representing a level of utilization on
a much flatter portion of the new function. However,
because the outward shift in capacity is modest, traffic
need only increase modestly before the more steep portion
of the new function is encountered where delay is sensitive
to a change in traffic wvolume. Additional traffic is
serviced but the system eventually equilibrates at a delay
level equal to that of the without-project condition.

For the new lock construction alternatives, the ocutward
shift in the delay function ig sufficiently large relative
to the traffic demand that delay remains Jlow until the
later vears of the period of analyvsis. The same process
described above for the "bridge only" alternatives still
applies 1in principle however. As such, the new lock
alternative that produces the smallest increase in capacity



Table 7-4

THNC Lock Average Delays
By Alternative and Year
{Hours)
Condition 1680 2000 2010 2020 2030 2040 2060
Without Project 10.4 25.3 40.7 525 545 60.2 60.2
Removal of Bridge Curfews 6.3 15.3 38.2 40,7 5458 545 60.2
Replace St. Claude Bridge 37 7.9 275 40.7 545 545 | 60.2
900 x 90 x 22 ft.
(With bridge curfews) 0.6 0.8 1.2 1.7 3.1 10.8 40.7
§00 x 90 x 22 ft.
{(Without bridge curfews) 0.4 0.5 [ R4 0.9 1.5 4.0 407
900x 110x 22 1,
(With bridge curfews) 0.3 0.4 0.6 0.7 1.0 15 85
900x 110x 22 ft.
{Without bridge curfews) 0.3 0.4 0.5 0.6 0.9 1.3 48
900 % 110x36 1t
(With bridge curfews) 0.5 0.6 0.7 0.9 1.3 2.0 1.1
900 x 110x 36 ft.
(Without bridge curfews) 0.3 0.4 0.5 0.6 0.8 1.2 4.7
1200 x 90 ¥ 22 ft.
(With bridge curfews) 0.3 0.3 0.4 0.5 0.7 0.9 3.
1200 x 30 x 22 f1.
(Without bridge curfews) 0.2 0.3 0.4 0.5 0.6 0.9 24
1200x 110x 221t ;
(With bridge curfews) 0.2 0.2 0.3 0.4 0.5 0.6 1.2
1200x 110x 22 ft. , & g T
(Without bridge curfews) 0.2 0.2 0.3 0.3 0.4 05 \ 1.0
1200 x 110 x 36 f. p
(With bridge curfews) 0.2 0.2 0.3 0.3 0.4 0.6 1.2
1200 x 110x 361, "
{Without bridge curfews) 0.2 0.2 0.3 0.3 0.4 0.6 j

B — 178



(900 x 90 x 22) is the first to experience significant
increases in average delay.

Table 7 - 5 shows the traffic accommodated, or processed,
at the IHNC Lock. Table 7 - 6 expresses these same traffic
volumes as a percent of total unceonstrained demand. Table
7 - 7 displays gimilar information, but in the form of
unaccommodated traffic levels. These three tables
demonstrate that all of the new lock construction
alternatives accommodated essentially 100 percent of the
IHNC Lock traffic demand through the year 2040. Wot until
2060 are there any substantial diversions. However, in the
without project and rehabilitated existing lock scenarios,
significant traffic is diverted as early as 2010.

Tables 7 - 8 and 7 - 9 compare the system tonnage processed
in the with and without project conditions. Table 7 - 8
displays the "bridge only" improvement alternatives and the
lock improvement with bridge curfews alternatives. Table
7 - 9 displays the lock improvement without bridge curfews
alternatives. Presented are the without-project tonnages
at each system lock and project-induced changes in traffic,
by lock, by vear, for the various improved conditions.
These improved future conditions begin to show changes in
IHNC Lock traffic in the year 2000. These tonnage wvolumes
for IHNC Lock can also be identified by referring back to
the with and without-project tonnages in table 7 - 5.

At the other system locks, with-project traffic impacts are
non-existent through 2020 for all alternatives. After
2020, induced traffic impacts appear but are minimal. The
largest changes occur in 2060 at Harvey and Bayou Boeutf
Locks where increases of less than 300,000 tons are
indicated. Differences in induced/traffic between lock
improvement alternatives are also minimal. No differences
are indicated until 2060 and then only between the smallest
capacity alternative (900 x 90 x 22) and all other lock
improvement alternatives. As a conseguence of the
virtually identical with and without-project traffic at the
other system locks, the with and without-project average
delay differences would also be minimal.

Table 7 - 10 displays the total system transportation
savings by year for the without-project condition and the
total system and incremental transportation savings by year
for each with-project alternative. System transportation
cost savings represent the total transportation cost
savings attributable to the entire modelled system network
(existing system elements and all system additions assumed
in place). Incremental transportation cost savings
represent the portion of total system transportation cost
savings attributable to the potential improvement under



HNC Lock Traffic Accomodated

By Alternative and Year
(1,000 Tons)

Condition 1990 2000 2010 2020 2030 2040 2060
Without Projact 23,056 25,531 28,277 26,564 26,600 26,691 26,691
Removal of Bridge Curlews 23,056 26,130 27,670 27,738 27,999 27,999 28,072
Replace 8t. Claude Bridge 23,056 26,135 28,510 28,856 29,041 29,041 29,092
900x 80 x 2211,
(With bridge curfews) 23,056 26,135 29,811 33,355 37,533 42,436 44,150
900 x 90 x 22 ft.
(Without bridge curfews) 23,056 26,135 29,811 33,355 37,533 42,503 45,894
200x 110x 221t
{With bridge curfews}) 23,056 26,135 29,811 33,355 37,533 42,503 53,766
900x 110x 22t
(Without bridge curfeiws) 23,056 26,135 29,811 33,355 37,533 42,503 53,766
900 x 110x 36 L.
(With bridge curfows) 23,056 26,135 29,811 33,355 37,533 42,503 53,766
200x 110x 36 ft.
{Without bridge curfews) 23,056 26,135 29,811 33,355 37,533 42503 53,766
1200x 90x 22 ft. ;
{With bridge curfews) 23,056 26,135 29,811 33,355 37,533 42,503 53,7¢
1200x 90X 22 ft. )
(Without bridge curfews) 23,056 - 26,135 29,811 33,355 37533 42,503 53,766
1200x $10x 22 L
{With bridge curfews) 23,056 26,135 29,811 33,355 37,533 42,503 53,804
1200x 110 x 221t ) ok S Tw o
(Without bridge curfews) 23,056 26,135 - 29,811 33,355 37,533 - '42.503\‘ 53,804
1200x 110 x 36 1. . :
(With bridge curfews) 23,056 26,135 29,811 33,355 37,533 42,503 53,804
1200x 110x 36 ft.
{Withouit bridge cuifews) 23,056 26,135 29,811 33,355 37,533 42,503 53,804
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IHNC Lock Percent of Total Damand Accomodated

By Altarnative and Year

Condition 1990 2000 2010 2020 2030 2040 _2060
Without Project 100% 98% 88% 80% 1% 63% 48%
Removal of Bridge Curfews 100% 100% 93% 83% 75% 86% 51%
Replace St. Claude Bridge 100% 100% 96% B7% 77% 68% 52%
800 x 90 x 22 ft,

{With bridge curfews) 100% 100% 100% 100% 99.9% 99.7% 80%
800 x 90 x 22 ft,

{Without bridge curfews) 100% 100% 100% 100% 99.9% 99.8% 83%
900 x 110x 221,

(With bridge curfews) 100% 100% 100% 100% 99.9% 99.8% 97%
800x 110x 22 ft. ’
(Without bridge curfews) 100% 100% 100% 100% 99.9% 99.8% Q7%
900x 110x 36 f.

{With bridge curfews) 100% 100% 100% 100% 99.9% 99.8% 97%
900x 110x 361t

(Without bridge curfews) 100% 100% 100% 100% 99.9% 99.8% 7%
1200x 90 x 22 &,

(With bridge curfews) 100% 100% 100% 100% 99.9% 99.8% 97%
1200 x 90 x 22 it.

{Without bridge curfews) 100% 100% 100% 100% 99.9% 99.8% 97%
1200 x 110 x 22 it
.(With bridge cu rfews) 100% 100% 100% 100% 99.9% 99.8% 97%
1200x 110x 22 ft. _
{Withaut bridge curfews) 100% 100% 100% . 100% 99.9% ~ - 99.8"{0 : 97%
1200x 110x 36 ft, ¢

{(With bridge curfews) 100% 100% 100% 100% 99.9% 99.8% 97%
1200 x 110 x 36 it

(Without bridge curfews) 100% 100% 100% 100% 99.9% 99.8% 97%
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Table 7-7

IHNC Lock Traffic Unaccomedatad
By Alternative and Ysar
(1,000 Tons)

Coendition 1980 2000 2010 2020 2030 2040 2060

Without Project ' 0 604 3,534 6,791 10,973 15,885 28,799

Removal of Bridge Curfews 0 5 2,141 5617 9,574 14,577 27418

Replace St. Claude Bridge 0 0 1,301 4,439 8,532 13,535 26,398

900 x 90 x 22 ft.

{With bridge curfews) 0 0 0 0 40 140 11,340

900 x 90 x 22 ft.

{(Without bridge curfews) 0 0 0 0 40 73 9,596

900x 110x 221t

(With bridge curfews) 0 0 0 0 40 73 1,724

200x 110x 22 ft.

{Without bridge curfews) 0 0 ] 0 40 73 1,724

900 x 110 x 36 ft.

(With bridge curfews) 0 0 0 0 40 73 1,724

900 x 110x 38 ft. .

(Without bridga curfews) o 0 0 0 40 73 1,724

1200 x 90 x 22 ft.

(With bridge curfews) 0 0 0 0 40 73 1,7

1200 x 90 x 22 ft. )

(Without bridge curfews) 0" 0 0 0 40 73 1,724

1200 x 110x 22 ft.

{With bridge curfews) 0 o 0 0 40 73 1,686

1200x 110 x 221t o ' T C

(Without bridge curfews) 0 0 0 0 40 73\‘ 1,686
3

1200 x110x 36 ft. :

{With bridge curfews) 0 0 0 0 40 73 1,686

1200x 110x 36 f1.

(Without bridge curfews) 0 0 0 0 40 73 1,686
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Table 7-8

Changes In System Traffic
By Altemative ana Year

(1,000 Tons)
W/O Project Remove Bridga Replace St. Claude 900x90x 22 ft 900 x 110x 221t
Lock Traffic Curfews Bridge {With Curfews)} (With Curfews)

o o1 ¢

Part Allen 27,811 0 0 0 0
Bayou Sorrel 27,005 0 0 0 0
HHNC 23,056 0 0 0 0
Algiers 24,501 0 0 ] 0
Harvey 3,780 0 ] 0 0
Bayou Bouef 27,967 0 0 0 0
Calcasiey 46,321 4] 0 0 0
Total System 82,788 0 0 0 0
L2000

Port Allen 30,817 0 (4] 0 0
Bayou Sorrel 29,808 o 0 0 0
IHNG 25,531 599 804 604 €04
Algiers 24,513 ] o 0 ]
Harvey 4343 o o 0 0
Bayou Bouef 28,618 0 4] 0 0
Lalcasiey 5Q.184 0 0 0 0
Total System 87,350 599 604 604 804

2010
Port Allen 31,174 o 1] o 0
Bayou Sormel 30,115 0 0 0 0
IHNG 26,277 1,303 2,233 354 354
Algiers 26417 0 0 0 0
Harvey 6,920 0 0 0 0
Bayou Boust 22318 0 0 0 0
Calcasiey 56,908 0 Q 0 0
Total System 96,087 1,392 2,232 3534 3,534
. cr. ¢ P \;.
Port Allen 31,546 0 0 0 0
Bayou Sorel 30,308 0 0 0 0
HNG 26,564 1.174 2,292 8,791 8,791
Aigiers 27,029 0 0 0 0
Harvay 8,609 0 0 0 0
Bayou Bouef 34,652 0 0 0 0
Calcasioy 62.271 0 0 0 0
Total System 100,778 1,174 2,293 8,791 6,791
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Changes In System Traffic

By Alternative and Year
(1,000 Tons)
WO Praject Remave Bridge Replace St. Claude 900x90x 22 ft. 900x110x22ft
Lock Traific Curfews Bridae (With Curfews) {With Curfews)
—ciR
Port Allen 31,737 0 0 (13) (13)
Bayou Sorrel 30,303 0 0 (12) (12)
IHNC 26,600 1,399 2441 10,933 10,933
Alglers 27,399 0 0 32 32
Harvey 9,850 1] 0 151 151
Bayou Bouef 36,313 4] 0 182 182
Lalcasiey 63,640 4] (1] 1 1
Total System 102,276 2,441 1,399 10,734 10,734
2040
PortAllen 31,914 0 0 12 12
Baycu Sorref 30,267 0 0 12 12
IHNG 26,691 1,308 2,350 15,745 15812
Algiers 27,745 1 1 (64) (64)
Harvey 10,236 4 4 87 87
Bayou Bousf 37,018 0 0 19 19
Calcasieu 63,686 11 11 51 52
Total Syster 103,416 2,165 1,123 14,612 14,613
5. o
Paort Allen 32,465 0 0 0 0
Bayou Sorrel 30,304 ) 0 0 0
IHNC 26,691 1,381 2,401 17,459 27,075
Algiers 27,664 0 0 8 47
Harvey 9,782 0 0 48 27
Bayou Bouef 36,625 0 0 50 265
i — 63825 0 0 0 _ 0
Total System . 104,876 2,402 1,382 17,318 \ 26,112
[}

NOTE: Lock totals may not add to system totals due to commen traffic betweem locks,



Changes In System Traffic
By Altemative and Year

(1,000 Tons)
W/O Project S0x110x36 fL 1200 x90 x 22 fL. 1200x110x 22 1, 1200 110x 36 ft,
Lock Traffic {With Curfews) {With Curfews) {With Curfews) {With Curfews)
i -
Port Allen 27811 0 0 0 0
Bayou Sorrel 27,695 0 0 0 +]
IHNC 23,056 0 0 0 0
Algiers 24,501 0 0 0 0
Harvey 3,780 0 G 0 0
Bayou Bouef 27,967 0 o 0 0
Calcasieu 46 321 4] 0 0 0
Total System 82,788 0 o 0 0
eoe___ . -
Port Allen 30,817 0 0 0 0
Bayou Sorrsi 29,808 0 0 0 0
IHNG 26,133 604 6804 604 604
Algiers 24513 0 0 0 0
Harvey 4343 L] 0 o] 0
Bayou Bouef 28616 0 0o 0 0
Lalcasiou 50164 0 0 0 0
Total System 87,952 6804 6804 604 604
2010
Port Allen 31,174 0 0 -0
Bayou Sorrel 30,115 0 0 0 0
IHNC 27,296 3,534 3,534 3,534 3,534
Algiers 26,417 0 0 0 0
Harvey 6,920 0 0 0 ]
Bayou Bouet 32,318 ¢ 0 0 0
Lalcasien 26908 Q 0 Q 0
Total System . 97,086 3,534 - 3534 3,534 w 3,534
\‘.
2020
Port Allen 31,546 0 0 0 0
Bayou Sonel 30,308 0 0 0 0
IHNG 27,296 6,791 6,791 6,791 6,791
Algiers 27,029 0 0 0 0
Harvey 8,608 0 0 0 0
Bayou Bouef 34,652 0 0 0 0
Calcasiey 62271 0 0 0 ol
Total System 101,511 6,791 6,791 6,791 6,791
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Changes In System Traffic

By Alternative and Year
(1,000 Tans)
WO Project S00x110x 36 fi 1200 % 90 x 22 1t, 1200 x 110x 221 1200 x110x 36 fr
Lock Traffic (With Curfews) {With Curfews} (With Curfews) {With Curfews}
5001 ¢ [P S
Port Allen 3,737 {13) {13) {13) QK]
Bayou Sorrel 30,303 {12) {12) {12) {12)
IHNGC 274N 10,933 10,933 10,933 10,933
Algiers 27,398 32 32 32 32
Harvey 9,850 151 151 151 151
Bayou Bouef 36,313 182 182 182 182
Lalcasigu 63.640 1 1 ; :
Total System 103,147 10,734 10,734 10,734 10,734
~2040 . .
Port Allen 31,914 12 12 12 12
Bayou Sorrel 30,267 12 12 12 12
IHNGC 27,471 15,812 15,812 15812 15,812
Algiers 27,746 (64) (64) (84) (64)
Harvey 10,240 ° 87 87 87 87
Bayou Bouef 37,018 19 19 19 19
Calcasieu 63,697 52 52 B2 52
Total System 104,01 14,613 14,613 14613 14613
2060
Fort Allen 32,465 0 o 0 0
Bayou Sorrel 30,304 0 0 0 0
HNC 27520 27,075 27,078 27,113 27113
Algiers 27664 45 a7 54 54
Harvey 9,782 262 27 309 309
Bayou Bouef 36,625 265 265 287 287
Calcasiey 83825 0 0 0 I
- Total System " 105,705 26,112 26,112 28,112 “ T2

NOTE: Lock totals may not add to systern totals due 1o common traffic betweem locks.
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Table7 -9

{1,000 Tons)

Changes In System Traffic
By Alternative and Year

W/O Project 900 x 90 x 22 ft, 900 x 110 x 22 ft. 900x 110x 361,
Lock: Traffic {Without Curfews} {Without Curfews) (Without Curfews)
1990
Port Allan 27,811 0 0 0
Bayou Sorrel 27,095 0 0 0
IHNC 23,056 0 0 0
Algiers 24,501 0 0 0
Harvey 3,780 0 o 0
Bayou Bouef 27,967 0 0 0
Calecasieu 46,321 0 0 0
Total System 82788 0 0 1]
2000
Port Allen 30,817 0 0 0
Bayou Sorrel 29,808 0 0 0
IHNG 25,531 604 604 604
Algiers 24,513 0 0 0
Harvey 4,343 0 0 0
Bayou Bouef 28,616 0 0 0
Calcasieu 50,164 0 0 0
Total System 87,350 604 604 6804
2010
Port Allen 31,174 0 0 0
Bayou Sorrel 30,115 0 0. 0
IHNC 26,277 3,534 3534 | 3534
Alglers 26417 0 0 ! 0
Harvey 6,920 0 0 0
Bayou Bouef 32318 0 0 0
Calcasieu 56,908 0 0 0
Total System 96,067 3,534 3,534 3,534
2020
Port Allen 31,546 0 0 0
Bayou Sorrel 30,308 0 0 0
IHNG 26,564 6,791 8,791 6,791
Algiers 27,029 0 0 0
Harvey 8,609 0 0 0
Bayou Bouef 34,652 0 0 0
Calcasieu 62,271 0 0 0
Total System 100,778 6,791 6,791 6,791




Changes In System Traffic
By Altemative and Year
{1,000 Tons)

Table 7 -9

WO Project 900 x 90 x 22 f. 900 x 110 x 22 ft. 900 x 110x 36 ft.
Lock Traffic {Without Curfews) (Without Curfews) (Without Curfews)
2030
Port Allen 31,737 (13) (13) (13)
Bayou Sorrel 30,303 (12) (12) (12)
IHNC 26,600 10,933 10,933 10,933
Algisrs 27,399 32 32 32
Harvey 9,850 151 151 151
Bayou Bouef 36,313 182 182 182
Calcasieu 63,640 1 i i
Total System 102,276 10,734 10,734 10,734
2040
Port Allen 31,914 12 12 12
Bayou Sorral 30,267 12 12 12
IHNC 26,691 15,812 15,812 15,812
Algiers 27,745 (64) (64) (64)
Harvay 10,236 87 87 -
Bayou Bouef 37,018 19 19
Calcasieu 63,686 52 52 52
Total System 103,416 14,613 14,613 14,613
2060
Port Allen . 32,465 0 0 0
Bayou Sorrel 30,304 0 ] \. 0
IHNC 26,691 19,203 27,075 ' 27,075
Algiers 27,684 8 47 47
Harvey 8,782 48 271 271
Bayou Bouef 36,625 50 265 265
Calcasieu 63,825 0 0 0
Total System 104,876 19,063 26,112 26,112

NOTE: Lock totals may not add to system totals due to common traffic betweem locks
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Table7-9

(1,000 Tons)

Changes In Systam Traffic
By Alternative and Year

W/O Project 1200 x 90 x 22 ft. 1200 x 110 x 22 ft. 1200 x 110 x 36 ft.
Lock Traffic {(Without Curfews) {Without Curfews} {Without Curfews)
1990
Port Allen 27.811 0 0 0
Bayou Sorral 27,095 0 0 0
I[HNC 23,056 0 0 0
Algiers 24,501 0 0 0
Harvey 3,780 0 0 0
Bayou Bouef 27,967 0 0 0
Calcasisu 46,321 0 o] 0
Total Syslem 82,788 0 0 0
2000
Port Allen 30,817 0 0 0
Bayou Sorrel 29,808 0 0 0
iHNG 25,531 604 604 604
Algiers 24,513 0 0 0
Harvey 4,343 0 0 0
Bayou Bouef 28,616 0 0 0
Calcasieu 50,164 0 0 0
Total System 87,350 604 604 604
2010
Port Allen 3,174 - 0 0 0
Bayou Sarral 30,115 0 0 ]
IHNC 26277 3534 3534 \ 3534
Algiers 26417 0 0 d 0
Harvey 6,920 0 0 0
Bayou Bouef 32,318 0 0 0
Calcasieu 56,908 0 - 0 0
Total System 96,067 3,534 3534 3534
2020
Port Allen 31,546 0 0 0
Bayou Sorrel 30,308 0 0 0
IHNC 26,564 6,791 6,791 6,791
Algiers 27,028 0 0 0
Harvey 8,609 0 0 0
Bayou Bouef 34,652 0 0 0
_Calcasieu 62,271 0 0 0
Total System 100,778 6,791 6,791 6,791
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Table 7 -9

Changas In System Traftic
By Alternative and Year

(1,000 Tons)
W/O Project 1200 x 90 x 22 11, 1200x 110 % 22 ft, 1200x% 110 x 36 ft.

Lock Traffic (Without Curfews} {Without Curfews}) (Without Curfews)

2030
Port Allen 31,737 (13) (13) (13)
Bayou Sorrel 30,303 {12) (12) (12)
IHNG 26,600 10,933 10,933 10,933
Algiers 27,399 32 32 32
Harvey 9,850 151 151 151
Bayou Bouef 36,313 182 182 162
Calcasieu 63,640 1 1 i
Total System 102,276 10,734 10,734 10,734

2040
Port Allen 31,914 12 12 12
Bayou Sorrel 30,267 12 12 12
IHNG 26,691 15,812 15,812 15,812
Algiers 27,745 (64) (64) (64)
Harvey 10,236 87 87 P
Bayou Bouet 37,018 19 19
Calcasieu 63,686 52 52 52
Total System 103,416 14,613 14,613 14,613

2060
Port Allen 32,465 0 0- e 0
Bayou Sarrel 30,304 0 0 1‘. 0
IWNC 26,691 27,075 27,113 : 27,113
Algiars 27,664 47 54 54
Harvey 9,782 271 309 309
Bayou Bouef 36,625 265 287 287
Calcasioy 63,825 0] 0 0
Total System 104,876 26,112 26,112 26,112

NOTE: Leck totals may not-addto systam totals due tocommon traffic betweem focks.
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Table 7-10

Shallow-Draft

Total & Incremental Transportation Savings

(1992, $1,000, 7.75%)

Condition 1990 2000 2010 2020 2030 2040 2060 Average Annual
Without-Project 1,251,510 1,274,892 1,385,961 1,407,014 1,225,558 1,250,316 1,153,804

Exisling Lock

Existing Bridge 1,256,850 1,289,462 1,389,911 1,425,148 1,225,598 1,243,889 1,153,804

w/o curfews at St. Claude Bridge 5,339 14,570 3,950 18,134 0 (6.427) 0 9,997 1/
Existing Lock s

Replaca St. Claude Bridge 1,260,154 1,300,297 1,406,748 1,425,148 1,225,508 1,243,889 1,163,804

w/o curfews 8,644 25,404 20,787 18,134 ] (6,427) 0 18,013 2/
900 x 90 x 22 1,264,184 1,310,826 1,450,779 1,496,897 1,324,087 1,276,927 1,195,725

wicurfew 12,674 35,934 64,818 89,883 98,489 26,611 41,920 82,849 %
900 x 90 x 22 1,264,544 1311377 1,451,694 1,498,453 1,327,423 1,291,192 1,195,725

wio curfew 13,034 36,485 65,733 91,439 101,825 40,876 41,920 86,174 3/
900x 110x 22 1,264,558 1,311,429 1,451,848 1,498,847 1328617 1,297,359 1,283,490

wicurfew 13,048 36,536 65,887 91,834 103,020 47,043 129,685 80,650 3/
S00x110x22 1,264,596 1,311,486 1,451,942 1,498,997 1,328,885 1,297,937 1,294,826

wio curfew 13,085 36,594 65,981 91,984 103,287 47,621 141,022 91,200 3/
900x 110 %36 1,264,418 1,311,229 1,451,552 1,498,420 1,327,957 1,296,218 1,275,440

wicurfew 12,808 36,337 65,591 91,406 102,359 45,902 121,635 89,806 3/
900 % 110 x 36 1,264,610 1,311,506 1,451,970 1,499,037 1,328,942 1,298,025 1,294 894

wio curfew 13,100 36614 66,009 92,023 103,345 47,709 141,090 91,340 3/
1200 x 90 x 22 1,264,909 1,311,866 1,452,419 1,499,594 1,329,678 1,209,112 1,300,789

wicurfew 13,399 36,974 66,458 92,581 104,080 48,796 146,985 03,688 4/
1200 x 90 x 22 1,264,920 1,311,884 1,452,449 1,499,646 1,328,773 1,299,315 1,302,766

wio curfew 13410 36,992 66,488 92,632 104,175 48,999 148,961 93,849 4/




Table 7- 10

Shallow-Drait
Total Incremental Transportation Savings
{1992, $1,000, 7.75%} e

Condition 1980 2000 2010 2020 2630 2040 2060 Average Aonual
1200x 110x22 1,264,976 1,311,969 1,452,583 1,499,852 1‘,330.1 15 1,299,955 1,305,484

wicurfew 13,466 37,076 66,622 92,838 104,517 49,639 151,679 94,248 4/
1200 x 110x 22 1,264,998 1,312,000 1,452,629 1,499,917 1,330,214 1,300,115 1,306,004

w/o curfew 13,488 37,108 66,668 92,904 104,616 49,798 152,199 94,353 4/
1200 % 110 X 36 1,264,994 1,311,993 1,452,616 1,499,895 1,330,174 1,300,035 1,305,601

wicurfew 13,484 37,100 66,655 92,882 104,576 49,719 151,797 94,304 4/
1200 110x 386 1,264,995 1,311,995 . 1,452,621 1,499,905 1,330,195 1,300,082 1,305,884

wio curfew 13,484 37,102 . 92,892 104,597 49,766 152,079 94,322 4

66,660

1/ Over the period 1996 - 2045
2 Over the period 2004 - 2053
3 Over the period 2011 - 2060
4/ Over the period 2012 - 2061



consideration (measured as the difference between with and
without-project total transportation cost savings).

Until alternatives show significant differences in IHNC
Lock average delay and traffic diversions, transportation
savings are similar. The incremental savings indicate that
these are only short to intermediate term savings generated
by the '"bridge only" improvement alternatives. The
incremental transportation savings also indicate that
savings for the lock construction plans are similar in
magnitude until the later years. Thisg result follows from
the fact IHNC Lock traffic diversions are similar, system
traffic impacts are similar, and differences in IHNC Lock
delays are similar until the later project years.

Also presented in table 7 - 10 is the average annual
incremental transportation savings for each alternative.
The average annual value is expressed as of the base year
for each alternative (discussion of alternative plan base
vears is provided in Section 10).

Several observations regarding these average annual values
are noteworthy. First, the "bridge only" alternatives
generate savings that are only about 19 to 22 percent
(unadjusted for base year differences}) of the lock
construction alternatives. Second, the lock construction
alternative with the highest savings (1200 x 110 x 22
without bridge curfews) is only about 14 percent greater
(unadjusted for base year differences) than the alternative
with the lowest level of savings (900 x 90 x 22 with bridge

curfews). Third, as the lock capacity of a new lock
alternative increases, the differences between with and
without bridge curfews decreases. However, even for the

lowest capacity alternative, the difference 1in average
annual transportation savings is only about 4.0 percent.
The lower the traffic processed relative to lock capacity,
the smaller will be the effect of disruptions to navigation
as from bridge curfews.
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SECTION 8 - DEEP-DRAFT ANALYSIS
OVERVIEW

Benefits to deep-draft navigation arise from two categories
of deep-draft vessel activity. The major activity
category, in terms of both number and magnitude of savings,
is generated by lockages which may be called "intra-harboxr"
lockages. These lockages result from a vessel's desire to
use deep-draft lcocading and unloading facilities in the two
distinct sections that make up the complex of the Lower
Mississippi River deep-draft facilities, the riverfront and
the tidewater portion of the Port of New Orleans (the IHNC
and the MR-GO). The second activity category arises from
lockages for vessels departing from the tidewater section
of the Port of New Orleans vwvia the passes of the
Mississippi River. These "thru" lockages are motivated by
potential savings in vessel sailing time.

INTRA-HARBOR LOCKAGES

The major determinant of existing and potential lock usage,
as reported from field interviews with  industry
representatives, is the need for a vessel to be serviced by
cargo handling facilities in both deep-draft facility
sections. In other words, the major deep-draft vessel use
of the lock arises from ships discharging or leoading cargo
in one section of the port, such as the river, and then
discharging or loading carge in the other section before
exiting the port for the next destination. If the wvessel
can fit through the lock and requires service from both
riverfront and tidewater facilities, the vessel will use
the lock. Interviews with industry representatives and
vessel pilots revealed that vessels that are too large to
traverse the existing IHNC Lock, wvoyage or "loop" from
their initial point of cargo handling down the originally
used entrance chamnnel into the gulf and then travel up the
other entrance channel to their second point of cargo
handling. For example, a large vessel initially inbound to
the MR-GO, after unloading its cargo at an IHNC facility,
would then have to sail back down the MR-GO into the gulf,
enter the Mississippi River through Southwest Pass, and
subsequently travel to a loading terminal on the river.

Thus, the primary rationale for use of the IHNC Lock,
whatever its size, is to facilitate backhauls within the
port and to avoid the long loop voyvage into the gulf and
back up an entrance channel. This implies that the major
benefits to the IHNC Lock are the cost-savings associated
with avoiding the loop voyage, and that the determination
of intra-harbor benefits to the lock will crucially depend
upon a forecast of the vessels that will have a demand for



backhaul access to both river and tidewater facilities. In
addition, the benefits assoclated with a given lock size
will be determined by the proportion of vessels demanding
lockage that can meet the dimensional constraints imposed
by that lock.

THRU LOCKAGES

While intra-harbor lockages represent the major component
of lockage demand, a small number of vessels use the lock
to exit tidewater facilities via the Southwest Pass of the
Mississippi River. These vessels are typically destined
for ports along the Texas coast. Analysis of these vessels
indicate that this exit path from the tidewater facilities
is taken in order to shorten the transit time by traveling
a slightly shorter distance and also to make use of the
river current to increase the vessel's relative ground
speed. Benefits to these vessels are thus measured as the
dollar value of savings in travel time. As is the case for
intra-harbor lockages, a forecast of the vessels that will
have a demand for this type of access, along with a
determination of the proportion of wvessels comprising thru
lockage demand that meet the dimensional requirements of a
given lock size, will determine the thru lockage benefits
for each alternative.

EXCLUSTON OF LIQUID BULK MOVEMENTS

During the discussion of the procedures that follow, liguid
bulk movements by tanker have been excluded from the
analysis. For tankers, the historical record indicates a
low probability of lock usage. The primary reason for this
is the absence of liquid bulk facilities in the tidewater
section; and it appears that this situation will continue
in the future. The large 1liguid bulk facilities are
located on the river and with the advent of the Louisiana
Qffshore 0il Port (LOOP) in 1981, some of the larger
tankers no longer actually enter the Lower Mississippi, but
off-load near the coast of Louisiana. Also, the emphasis
of development in tidewater facilities is container
oriented. Recent and planned expansion has not included
ligquid bulk. For these reasons, it has been assumed that
no tankers will demand lock use in the future. While
perhaps not strxictly true, the existing record, the
structure of the port, and future investment trends
indicate that, at best, only a negligible number of tankers
would possibly demand lock use and these have been ignored
in this analysis.



UNCONSTRATINED LOCKAGE DEMAND

Having identified the two reasons why a deep-draft wvessel
would desire lock service, the next step in determining the
benefits to improved lock access was to estimate the
existing level of potential Ilockages or unconstrained
lockage demand. Unconstrained lockage demand is comprised
of not only existing lock usage, but also includes those
vessels not able to use the existing lock due to physical
constraints. Those vessels that loop constitute a portion
of the unsatisfied demand, as do vessels with a western
gulf destination that depart the tidewater facilities wvia
the MR-GO because they are too large to use the existing
lock.

Available statistical data makes identification of these
components of lockage demand fairly straightforward.
However, there potentially remains another component of
unsatisfied demand that is more difficult to identify.
This component is represented by vessels too large to lock
but unwilling to loop. Their unwillingness to loop would
be explained by the fact that the cost of the approximately
275-mile, 22-hour loop, exceeds the value of access to both
the riverfront and tidewater facilities.

In an effort to quantify this unobservable portion of lock
demand, extensive interviews were made with knowledgeable
industry sources representing shipping lines, steamship
agents, stevedoring operations and terminal operators.
Based on these industry sources it has been concluded that
the amount of unobservable lock demand, i.e., vessels too
large to lock but unwilling to loop, is extremely small,
essentially zero, and is expected to remain this way over
the period of analysis. This conclusion is supported by
two factors: 1)industry's inability to identify any
component of traffic that is discouraged from looping (due
to cost), and 2) the increasing emphasis of tidewater
activity on container operations. The second factor
reguires some elaboration.

There is unanimous industry opinion that container
operations do not lend themselves to multiple calls within
a port by the same vessel, especially if the additional
cargo to be loaded or discharged is small. It is generally
more efficient for the wvessel to operate from a single
peoint, moving cargo to the vessel instead of vice versa.
As the ongoing program of MR-GO container facility
expansion proceeds, while the investment in non-container
facilities remains static, opportunities for intra-harbor
lockages will remain limited to the traffic associated with
existing non-container facilities on the MR-GO.



Therefore, because the existing non-container facilities do
not generate any intra-harbor lockage demand that does not
lock or 1loop and because digcouraged locpers are
essentially =zero, total intra-harbor demand can be
represented by the sum of lockers and observable loopers.
Obviously lockers represent the portion of demand that is
satisfied by the existing lock while loopers represent that
portion of demand that can be satisfied only with a lock of
larger dimensions.

The currently unmet portion of lockage demand can be
estimated fairly directly by examining vessel itineraries.
Bureau of Census records of port entrances and clearances
provide the necessary data. Unmet intra-harbor lockage
demand is represented by those wvessels which enter one
section of deep-draft facilities, depart that section by
way of the originally used access channel, reenter by way
of the other access channel, and finally depart by way of
the second access channel. Unmet thru lockage demand can
be identified from the same data source as for intra-harbor
demand. It 1s represented by those vessels departing
tidewater facilities wvia the MR-GO with westbound U.S.
destinations, usually a Texas port.

Table 8 - 1 details the currently unmet portion of
deep-~draft lockage demand. The table breaks down the
demand by lockage type (intra-harbor and thru), vessel

type, and vessel deadweight tonnage (dwt). As the table
shows, all unmet intra-harbor lockage demand is composed of
dry bulk vessels. There is no unaccommodated intra-harbor
lockage demand for general cargo or container vessels. By
contrast, table 8 - 1 shows no unmet thru lockage demand
for dry bulk vessels but a total of 51 and 32 demanded lock
transits for general cargo and container vessels,
respectively. However, close inspection of the initially
identified thru lockage demand revealed the need to modify
the demand estimate.

After comparing actual thru lockages under existing
conditions with the initially identified thru lockage
demand, and calculating the absolute amount of
transportation cost savings associated with a thru lockage,
it became apparent that the relatively small time savings
associated with thru lockages required that a downward
adjustment to the demand estimate be made. On average,
vegssels making a thru lockage save approximately 2.05 hours
of travel time, after taking into account 1.25 hours of
lock transit time. However, the gross cost savings
associated with this time savings does not account for the
tugboats that must be hired to assist the deep-draft
vessels with the lockage. Therefore, these tugboat costs
must be subtracted from the gross savings. Interviews with



Table 8 -1

Unaccommodated Deep-Draft Demand

Existing Lock
Deadweight
Tonnage
(1,000)  Dry Bulk General Carao Container
Intra-Harbot:
20-30 16 0 0
30-40 20 0 0
40-50 4 0 0
Total 40 0 0
Thru:
10-20 0 51 6
20-30 0 . 0 23
30-40 0 0 3

Total 0 51 32




industry sources, revealed the average cost of tug
assistance to be approximately $581 dollars per hour.
Using this estimate and multiplying it by 1.25 hours of
lock transit time produced the per lockage cost of tug
assistance of §$726.

For some of the smaller vessels, once tug assistance costs
are netted from gross savings, the resulting net savings
are only slightly positive. To Jjustify the added
complication of the lockage logistics, some minimum level
of savings is recuired. A threshold level of savings equal
to one hour of wvessel operating cost approximates the
required inducement. Therefore, demand for a thru lockage
results when there is a positive net level of savings over
and above one hour of wvessel operating costs. Since all
vessel sizes save the same amount of time with a thru
lockage, the effect of establishing a one hour of
equivalent operating cost threshold is to specify a minimum
size wvessel that finds thru lockages to be economic. The
details of this calculation are displaved in table 8 - 2 by
vessel type and dwt. The table includes the calculations
for dry bulk vessels. These are displayed for illustration
rurposes only. No dry bulk thru Ilockage demand was
identified in the initial demand estimate.

To illustrate the results of the process discussed above,
a 12,000 dwt container vessel, would not be included in
thru lockage demand even though there is a positive level
of net savings ($547). Only container vessels greatexr than
or equal to approximately 16,000 dwt generate enough
savings to be included in lockage demand.

Of note is the 3,000 dwt general cargo vessel. These
vessels represent the "miniship" series of oceangoing
vessels. Because of the relatively small dimensions
{(50-foot width and 250-foot  length) and greater
maneuverability, these vessels do not require tug
assistance for lock transit. As a result, the "miniships"
are included in total thru lockage demand while larger dwt
general cargo vessels that require tug assigstance are
excluded.

Table 8 - 3 details the currently unmet portion of
deep-draft lockage demand after adjusting thru lockage
activity as described above. Compared to table 8 - 1,

which did not reflect adjustment to thru lockages, table 8
- 3 includes no general cargo vessel demand and slightly
lower container vessel demand.

Total deep-draft lockage demand, the sum of existing
lockages and unaccommodated adjusted demand, is summarized



Table 8-2

S

Economic Feasthility Of Thru Lockages
1993 Gross Thru Gross Thru Net Thru
AtSea Savings Savings Savings Equivalent Thru
Oper (Oper Cost Tug Assist - Tug Asst -1.00 Hr Hours Lock
DWT Cost *2.05Hrs) . Cost Cost Oper Cost Saved Demand 1/
Container {Foreign)
12,000 621 1273 726 547 -74 0.88 NO
16,000 723 1482 726 756 33 1.05 YES
20,000 828 1697 726 971 143 1.17 YES
24,000 956 1960 726 1234 278 1.29 YES
28,000 1,057 2167 726 1441 384 1.36 YES
32,000 1,162 2382 726 1656 494 143 YES
38,000 1,354 2776 726 2049 695 1.51 YES
42,000 1,460 2993 726 2267 807 1.55 YES
48,000 1,611 3303 726 2576 965 1.60 YES
50,000 1,724 3534 726 2808 1084 1.63 YES
General Cargo (Foreign)

3,000 308 631 0 631 323 205 YES
11,000 473 970 726 243 -230 0.51 NO
14,000 © 536 1099 726 - 373 -163 0.70 NO
16,000 578 1185 726 459 -119 0.79 NO
20,000 . 664 1361 726 635 -29 *0.96 NO
24,000 744 . 1525 726 . 799 55 1.07 YES
30,000 868 1779 726 1053 185 121 YES

Dry Buk (Foreign)
15,000 504 1033 726 307 -197 0.81 NO
25,000 559 1148 726 420 -139 0.75 NO
35,000 607 1244 726 518 -89 0.85 NO
40,000 635 1302 726 576 60 08t NO
50,000 881 1396 728 670 -11 0.98 NO
60,000 727 1490 726 764 a7 1.05 YES

1/ Assumes vessels would transit the lock if the cost savings
of locking are greater than 1.0 hours of operating cost.
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Table 8-3

Unaccommodated Deep-Draft Demand
Existing Lock
(Adjusted for Thru Lockage Feasibility)

Deadweight
Tonnage
(1,000} Dry Bulk General Cargo  Containet

Intra-Harbor:

20-30 16.0 0

30-40 20.0 0

40-50 4.0 0

Total 40.0 0

Thru:

10-20 0 0 2.4
20-30 0 0 23.0
30-40 0 0 3.0
Total 4] 0 28.4
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by lockage type, vessel type, and vessel size in table 8 -
4.

UNCONSTRATINED FUTURE LOCKAGE DEMAND

As described in section 2, future unconstrained lockage
demand has been developed directly from the estimate of
existing unconstrained lockage demand . Existing
unconstrained lockage demand has been used as a base, with
future unconstrained demand projected by applying an
appropriate growth factor to the existing level. By using
the mid scenaric growth factor and the sum of existing
intra-harbor lockages and loopers to represent total demand
for intra-harbor lockages, table 8 - 5 displays total
demand by vessel type and year assuming the most likely or
mid-level growth scenario. In a similar manner, table 8 -
6 digplays total thru lockage demand.

LARGEST VESSEL ACCCMMODATED BY ALTERNATIVE

Potential lockages, as previously defined, represent
maximum lock usage that would occur assuming that the IHNC
Lock was large enough to pass all vessels demanding lock
transit. The estimated total lock usage for a given
alternative would, therefore, be determined by potential
lockages and the largest vessel, by type, that could safely
navigate each alternative.

In estimating the largest allowable wvessels for each
alternative, it was necessary to incorporate the
appropriate minimum safety c¢learances associated with each
physical dimension. The values used for clearances were as
follows. For width, a total of ten inches or approximately
0.83 feet of difference between chamber width and vessel
beam was used. For length, a total of 14 feet between
useable chamber length and vessel length was used,. And
finally, for draft, five feet between the s2ill elevation
and vessel transit draft was used. For length and width
the clearances were based on actual experience with the
existing lock. It is not anticipated that practices with
the larger chambers would be significantly different. For
draft, the assumed clearance represents a design standard
based on the requirements of safe navigation.

Unfortunately, observation of actual practice at the
existing lock does not provide useful information regarding
minimum acceptable draft clearance that could be compared
to the design standard. The depth of the sill is rarely
approached during existing lockages. The combination of
the 75-foot width, which 1limits vesgel size and the
light-loading practices prevalent with existing lockages,
produces the environment which doces not push the limits of



Table8-4

Total Deep-Draft Lockage Demand
By Lockage Type, Vessel Type, and Deadweight Tonnage

(1991)

Deadweight
Tonnage _
{1.000) Dry Bulk General Cargo  Container
Intra-Harbor:

3 0 95.0 0
3-10 1.0 3.0 0
10-20 4.0 20.0 0
20-30 16.0 0 0
30-40 20.0 0 0
40-50 4.0 0 0
Total 45.0 118.0 0
Thru:

a 0 15.0 0
3-10 0 0 < 0
10-20 0 0 2.4
20-30 0 0 23.0
30-40 J 5 S 0 3.0
Total 0 15.0 28.4




Intra-Harbor Lockages

Total Demand

Vessel Type:

DWT
(1,000)

0-10
10-20
20-30
30-40
40-50
50-60
60-70
70-80
80-90

Total

Vessel Type:

DWT
(1,000)

3
3-10
10-20
20-30
30-40
40-50
50-60
60-70
70-80
80-90

Total

Dry Bulk

1991

N — )
CO0OO0O~OO D=

45.0

2000

1.2
4.7
18.8
23.5
4.7
0.0
0.0
0.0
0.0

52.8

General Cargo

1991

95
3
20

OO OO0 OO

118.0

2000

111.5
- 3.5
23.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1386

2010

1.4
5.6
22.5
28.1
5.6
0.0
0.0
0.0
0.0

63.2

2010

133.3
4.2
28.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0

165.6

2020

12
6.7
26.8
33.6
6.7
0.0
0.0
0.0
0.0

75.5

2020

159.4
5.0
33.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0

198.0

2030 2040
2.0 2.4
8.0 9.6

32.1 38.3
401 47.9
8.0 9.6
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
90.2 107.9
2030 2040
190.5 227.7
6.0 12
46.1 - 47.9
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
236.6 282.8

2060

3.4
13.7
54.8
68.5
13.7

0.0

0.0

0.0

0.0

1541

2060

325.3
10.3
6§.5

do
0.0
0.0
0.0
0.0
0.0
0.0

404.1
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Table 8-6

Thru Lockages
Total Demand

Vessel Type: Container
DWT
(1,000) 1991 2000 2010 2020 2030 2040 2060
0-10 00 00 0.0 0.0 0.0 0.0 0.0
10-20 2.4 2.8 34 4.0 4.8 5.8 8.2
20-30 23.0 27.0 32.3 38.6 46.1 55.1 78.8
30-40 3.0 3.5 4.2 5.0 6.0 7.2 10.3
40-50 0.0 0.0 0.0 0.0 0.0 0.0 0.0
50-60 0.0 0.0 0.0 0.0 0.0 0.0 0.0
60-70 0.0 0.0 0.0 0.0 0.0 0.0 0.0
70-80 - 0.0° 0.0 0.0 0.0 0.0 0.0 0.0
80-90 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 28.4 33.3 39.9 47.6 56.9 68.1 97.3
Vessel Type: General Cargo
DWT
(1,000) 1991 2000 2010 2020 2030 2040 2060
3 15 17.6 211 25.2 30.1 36.0 514
3-10 0 0.0 0.0 0.0 0.0 0.0 0.0
10-20 0 0.0 0.0 00 00 - 00 0.0
20-30 0 0.0 00 . 00 0.0 00 .00
30-40 0 0.0 0.0 0.0 0.0 0.0 0.0
-40-50 0 0.0 0.0 0.0 - 0.0 0.0 0.0
50-60 0 0.0 0.0 0.0 0.0 0.0 0.0
60-70 0 0.0 0.0 0.0 0.0 0.0 0.0
70-80 0 0.0 0.0 0.0 0.0 0.0 0.0
80-90 0 0.0 0.0 0.0 0.0 0.0 0.0
Total 15.0 17.6 21.1 25.2 30.1 36.0 51.4

Note: Total demand for thru lockages was revised to reflect the fact that only
containerships above the 16,000 DWT class would find it economicai to transit
the lock. This result occurs after ships take into account the added expense
of tug assistance when transiting the lock and the requirement of a minimum
level of savings equal to 1.0 hours of operating cost. The 3,000 DWT class
among the general cargo vessels refers to miniships that do not require tug
assistance when transiting the lock.
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the 31.5-foot s8ill depth. Because it is anticipated that
the design standard would be enforced (and this would not
be difficult within the controlled access environment of a
lock chamber) the design underkeel has been projected to
represent actual practice in the with-project condition.

The following is an example of how the maximum allowable
vessel dimensions were determined given the minimum
clearances described above. A lock 110 feet wide was
assumed to be compatible with wvessels up to 109.17 feet
wide assuming that the other dimensions were not binding.
Likewise, a lock 900 feet long could accommodate a vessel
with a length of 886 feet. However, treatment of draft was
not as straightforward. While it is a simple matter to
subtract five feet from the sill elevation in order to
identify the maximum draft allowable for a specific
alternative, it is not so simple to identify the maximum
vessel gize associated with a given draft because of vessel
light-loading. Existing lockages of light-loaded vessels
undoubtedly reflect the rationale that the majority of lock
use occurs with wvessels having unloaded some portion of
their cargo in one section of the port and then, after
transiting the lock, loading cargo in the other section of
the port.

To account for light-loading, an analysis was performed on
existing lockage vessel drafts. The analysis showed that,
on average, dry bulk vessels transiting the lock were
loaded to 64 percent of theilr maximum draft, while general
cargo vessels were loaded, on average, to 72 percent of
their maximum draft. To insure logical consistency with
the rationale for intra-harbor lockages and to account for
historical 1light-loading at the lock, these light-lecading
factors were used in the determination of the maximum
vessel draft corresponding to a given lock depth. Because
there are no existing lockages of contalner vessels, it was
not possible to calculate an cbservable average percent of
container vessel maximum draft during lockage. As a
surrogate measure, the light-leoading practices of general
cargo vessels were assumed for container vessels.

The relationship between vessel size, measured in dwt, and
each physical vessel dimension, including draft adjusted
for light-loading, was established using formulas developed
by the Institute for Water Resources in their FY 1992
memorandum on deep draft vessel costs. Table 8 - 7
displays these functional relationships. The estimates of
the maximum allowable vessels for each dimension produced
by these formulas are presented in table 8 - 8.

The first binding constraint among width, length, and draft
determines the largest vessel that may transit a lock.



Table8-7

Functional Relationships Between
Vessel Dimensions and Deadweight Tonnage

Vessel Type: Dry Bulk

Length: DWT=(Length/28.5457)*3.4129
Width: DWT=(Width/3.1751)"3.1458
Dratt: DWT=(Draft"3.2047) x .3613
Vessel Type: Containet

Length: DWT=(Length/11.2363)"2.4992
Width DWT=(Width/4.2733)*3.3106
Draft: DWT=(Draft/1.5961)*3.3342
Vessel Type: General Cargo
Length: DWT=(Length/22.6103)*3.1179
Width: DWT=(Wicth/4.4237)*3.4747

Draft: DWT=(Draft/1.2551)A3.0516




Table8-8

Estimated Maximum Vessel Accommodated By Lock Dimension
By Vessel Type

DWT (Rounded to the nearest 1,000 DWT)

Lock Dry General
Dimensions Bulk Cargo Container
Lenath (ft)
640 38,000 31,000 23,000
900 124,000 W.F. 55,000
1,200 W.F. WF. W.F.
Width (ft)
72 20,000 18,000 13,000
90 36,000 34,000 23,000
110 68,000 W.F. 46,000
Draft (ft)
22 13,000 8,000 8,000
36 " 91,000 W.F.. 59,000

Notes: W.F. = Largest vessel of world fleet
Largest vessel calculations for the draft dimension assume
five feet underkeel clearance and a light-loaded vessel.
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Table 8 - 9 shows the largest vessel for each vessel type
that could transit locks of various sizes. As can be seen
in table 8 - 9, 18,000 dwt, 20,000 dwt, and 13,000 dwt, are
the largest general cargo, dry bulk, and container vessels,
respectively, capable of safely transiting the existing
lock. For each of these vessel types, width is the binding
constraint. For a lock 1200 x 110 x 36, the world fleet
maximum, 68,000 dwt, and 46,000 dwt are the largest general
cargo, dry bulk, and container vessels, respectively,
capable of safe navigation. For the two limited wvessel
types, dry bulk and container, width ig the binding
constraint. TFor general cargo vessels,; the dwt associated
with the maximum allowable dimensions for this lock is in
excess of the largest dwt general cargo vessel existing in
the world fleet.

ESTIMATED TLOCKAGES AND BENEFIT DETERMINATION

Given the maximum dwt wvessel that can transit a given
alternative and unconstrained lockage demand, total
lockages by lockage type can be computed. For example,
table 8 - 9 shows that for the 900 x 90 x 22 alternative,
the largest dry bulk wvessel that could use this lock is
13,000 d4wt. To f£ind the actual number of dry bulk
intra-harbor lockages for this alternative, one needs to
view table 8 - 5. 1In the year 1991, all ships in the 0 -
10,000 dwt category (1 ship) and 30 percent of the ships in
the 10,000 - 20,000 dwt category (1.2 ships) would have a
demand for intra-harbor lockages. (Umiform vessel
distribution within a dwt range was assumed. Therefore,
since the largest accommodated wvessel, 13,000 dwt,
represents 100 percent of the 0 - 10 dwt category and 30
percent of the 10 - 20 dwt category, 100 percent of the
total vessels in the 0 - 10 dwt category and 30 percent of

the total wvessels 1in the 10 - 20 dwt category were
identified as satisfied demand). These calculations were
used in table 8 - 11. In addition, estimated demand in

tables 8 - 11 through 8 - 16 and 8 - 18 through 8 - 23 were
calculated in the same manner.

To convert calculated lockages into benefits, it was
necessary to develop an alternative for those ships unable
to use the lock, and to assign a cost for this alternative
behavior. Based on the rationale presented earlier for
intra-harbor lockages, the alternative for this type of
lockage is to loop. Based on speeds on the river and the
MR-GO, and the distances to be traveled, looping would
regquire approximately 22.85 hours. If all vessels wanting,
but unable, to use the lock were to loop, then the total
intra-harbor benefits associated with a gpecific lock
alternative would be 21.60 hours (22.85 hours loop time
minus 1.25 hours lock time), times the wvessel cost per



Table8-9

Maximum Vessel Sizes Accommodated By Alternative
(Rounded to the Nearest 1000 DWT)

E =205

General  Constraining Dry  Constraining Constraining
Alternative 1/ Carqo Dimension Bulk Dimension Container _Dimension
640x 75x315 18,000 Width 20,000 Width 13,000 Width
900 x 90x22 8,000 Draft 13,000 Draft 8,000 Draft
900 x 110x 22 8,000 Draft 13,000 Draft 8,000 Draft
900 x 110x 36 W.F. - 68,000 Width 46,000 Width
1200x 90x22 8,000 Draft 13,000 Draft 8,000 Draft
1200 x 110 x 22 8,000 Draft 13,000 Draft 8,000 7Draft
1200 x 110x 36 W.F. - 68,000 Width 46,000 Width
. 1/ Assumes 5 ft of underkeel clearance is required for all vessels.
W.F. = Accommodates largest vessel of world fleet



bhour, minus the cost of tug assistance required for lock
transit, times the number of intra-harbor lockages.
Incremental benefits, those over and above benefits to the
existing lock, are measured as the difference between total
benefits for a new lock and total benefits to the existing
lock. Tables 8 - 10 through 8 - 16 show estimated
intra-harbor lockages by wvessel type and year for the
existing lock and the various alternatives, along with the
associated transportation savings.

For thru lockages, the alternative to locking is to exit
the port wvia the MR-GO. Approximately 2.05 hours, net of
1.25 hours lockage time, can be saved with lockage and exit
via the river. Therefore total benefits associated with a
specific lock alternative would be 2.05 hours times the
vessel cost per hour, minus the cost of tug assistance
regquired for lock transit, times the number of thru
lockages. Takles 8 - 17 through 8 - 23 show the estimated
thru lockages by vessel type and year for the existing lock
and the various alternatives, along with the associated
transportation savings.

Table 8 - 24 gsummarizes the forecasted number of
intra-harbor and thru lockages by alternative, while table
8 - 25 summarizes the total and incremental benefits.
Table 8 - 26 presents the benefit information as an average
annual value. The average annual value is expressed as of
the base vyear for each alternative (discussion of
alternative plan base years is provided in Section 10).

The only alternatives that show average annual benefits
greater than those in the without-project condition (the
existing lock), are alternatives with 36-foot depths. This
outcome is the direct result of the fact that the maximum
vessel that can be accommodated by any alternative with a
22-foot depth is 1less than the vessel that can be
accommodated by the existing lock. As a conseguence,
22-foot depth alternatives generate fewer deep-draft
lockages and a lower level of associated savings than

compared to the existing lock. However, because of the
small size of a portion of the fleet, 22-foot depth
alternatives, which were designed strictly for

shallow-draft traffic, would accommodate some deep-draft
demand. As a result, these shallow-draft alternatives show
negative incremental benefits, but a positive level of
total benefits.
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intra-Harbor Lockages
Transportation Savings
ALT: Existing Lock

(Savings in 1993 Dollars)

DWT Hrly 1991 1991 2000 2000 2010 2010 2020 2020 2030 2030 2040 2040 2080 2060
{1,000} Cost Vessels Savings Vessels Savings Vessels Savings Vessels Savings Vessels Savings Vessels Savings Vessels  Savings
Vessel Type: Dry Bulk, Foreign Flag

0-10 458 1.0 9,167 1.2 10,763 1.4 12,865 1.7 15,378 20 18,382 2.4 21,971 34 31,392
10-20 508 4.0 40,987 4.7 48,126 5.6 57,525 6.7 68,760 8.0 82,189 9.6 98,240 13.7 140,361
20-30 0.0 0 0.0 0 0.0 0 00 0 0.0 0 0.0 0 0.0 0
30-40 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
40-50 0.0 V] 0.0 V] 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
50-60 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
60-70 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
70-80 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
80-90 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
Total 5.0 50,154 5.9 58,889 70 70,320 84 84,138 10.0 100,570 12.0 120,212 174 171,752
Vesse! Type: General Cargo, Forsign Flag

3 308 950 632,016 111.5 742,093 133.3 887,025 159.4 1,060,263 190.5 1,267,335 227.7 1,514,848 325.3 2,164,336
3-10 380 3.0 22,446 35 26,355 42 31,503 5.0 37,655 6.0 45,009 7.2 53,800 10.3 76,866
10-20 557 200 226,104 23.5 265,484 28.1 317,334 336 379,310 40.1 453,390 479 541,938 68.5 774,292
20-30 0.0 0 0.0 o] 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
30-40 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
40-50 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
50-60 0.0 0 00 0 0.0 0 0.0 4] 0.0 0 0.0 0 0.0 0
60-70 0.0 0 00 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
70-80 0.0 0 0.0 0 0.0 - 0 0.0 0 0.0 0 0.0 0 0.0 0
80-90 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
Total 118.0 880,566 138.6 1,033,932 165.6 1,235,861 198.0 1,477,228 236.6 1,765,734 282.8 2,110,586 404.1 3,015,495
Grand Total 930,720 1,092,821 1,306,252 1,861,366 1,866,304 2,230,798 3,187,247




Intra-Harbor Lockages

Transportation Savings
ALT: 900x90x 22
(Savings in 1993 Dollars)

DWT . Hidy 191 -1 2000 2000 2010 2010 2020 2020 2030 2030 2040 2040 2060 2060
{1,000} Cost Vessels  Savings Vagsels __ Savings  Vessels _Savings Vessels  Savings  Vessels Savings  Vessels  Savings  Vegsels  Savings
Vessel Type: Dry Bulk, Foreign Flag

0-10 458 1.0 9,167 1.2 10,763 14 12,865 .7 15,378 20 18,382 24 21,97 34 31,392
10-20 508 1.2 12,296 1.4 14,438 1.7 17,257 20 20,628 24 24,657 29 29472 4.1 42,108
20-30 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
3040 0.0 0 0.0 0 00 0 00 0 00 0 0.0 0 00 0
40-50 0.0 0 0.0 0 00 0 00 0 00 0 0.0 0 00 0
50-60 00 0 0.0 0 0.0 0 0.0 0 00 0 . 00 (0] 00 0
60-70 0.0 0 0.0 0 0.0 0 Q0.0 0 0.0 0 0.0 0 00 0
70-80 0.0 0 0.0 .0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
80-90 0.0 0 0.0 0 0.0 0 00 0 0.0 0 0.0 0 0.0 0
Total 22 21,463 26 25,201 31 30,123 3.7 36,006 4.4 43,038 53 51,444 75 73,500
Vessel Type: General Cargo, Foreign Flag

3 308 950 632,016 1115 742,093 1333 887,025 1594 1,060,263 1905 1,267,335 227.7 1,514,848 3253 2,164,336
3-10 380 21 15,937 25 18,712 30 22,367 36 26,735 43 31,957 5.1 38,198 73 54,575
10-20 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 00 0
20-30 0.0 0 00 0 0.0 0 00 0 0.0 0 00 0 0.0 0
3040 0.0 0 00 0 0.0 0 0.0 0 0.0 0 0.0 0 00 0
40-50 00 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
50-60 0.0 0 0.0 0 00 0 00 0 0.0 0 0.0 0 0.0 0
60-70 00 0 0.0 0 00 0 00 0 0.0 0 0.0 0 0.0 0
70-80 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 00 0
80-90 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
Total 971 647,953 1140 760,805 136.3 909,392 1629 1,086,998 1948 1,299,292 2328 1,553,046 3326 2218911
Grand Total 669,416 786,006 939515 1,123,004 1,342,330 1,604,490 T 2,202,411
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Intra-Harbor Lockages
Transpertation Savings
ALT: 900x 110x36

{Savings in 1923 Dollars}

DWT Hrly 1991 1991 2000 2000 2010 2010 2020 2020 2030 2030 2040 2040 _ 2080 2060
{1,000} Cost Vessels Savings Vessels Savings Vessels Savings Vessels Savings Vessels vin Vessels. Savings Vesselg Savings
Vessel Type: Diy Bulk, Foreign Flag

0-10 458 1.0 9,167 1.2 10,763 14 12,865 1.7 15,378 20 18,382 24 21,971 34 31,392
10-20 508 40 40,987 4.7 48,126 56 57,525 6.7 68,760 80 82,189 96 98,240 13.7 140,361
20-30 557 16.0 180,883 18.8° 212,387 225 253,867 26.8 303,448 321 362,712 38.3 433,550 548 619,434
30-40 606 200 247,272 235 290,339 28.1 347,043 336 414,821 40.1 495,836 47.9 592,674 68.5 846,782
40-50 656 4.0 583,774 4.7 63,140 56 75,472 6.7 90,211 8.0 107,830 96 128,889 13.7 184,150
50-60 00 0 0.0 0 0.0 0 0.0 0 00 0 -~ 00 0 0.0 0
60-70 00 0 0.0 0 0.0 0 0.0 0 0.0 0 00 0 0.0 0
70-80 00 0 0.0 0 00 0 0.0 0 0.0 0 Q.0 0 0.0 0
80-90 0.0 0 0.0 0 00 0 0.0 t] 00 0 00 0 0.0 0
Total 45.0 532,084 528 624,755 63.2 746,771 755 892,618 802 1,066,948 1079 1,275325 154.1 1,822,118
Vessel Type: General Cargo, Foreign Flag

3 308 95.0 632,016 111.5 742,093 133.3 887,025 159.4 1,060,263 1905 1,267,335 2277 1514848 3253 2,164,336
3-10 380 30 22,446 35 26,355 4.2 31,503 50 37,655 6.0 45,009 7.2 53,800 10.3 76,866
10-20 857 20.0 226,104 235 265,484 28.1 317,334 3386 379,310 40.1 453,390 47.9 541,938 68.5 774,292
20-30 0.0 0 0.0 4] 0.0 0 0.0 0 0.0 Q 0.0 0 0.0 0
3040 0.0 0 0.0 0 0.0 0 00 0 00 0] 0.0 0 0.0 0
40—50 0.0 0 0.0 o] 0.0 0 0.0 0 00 0 00 0 0.0 0
50-60 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0] 0.0 0 0.0 0
60-70 0.0 0 0.0 0. 0.0 0 0.0 0 00 0 0.0 0 0.0 0
70-80 00 0 0.0 Q 00 0 00 0 00 0 00 0 00 0
80-90 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
Total 1180 880,565 1386 1,033932 1656 1,235861 1980 1,477,228 2366 1,765,734 2828 2110586 4041 3015495
Grand Total 1,412,650 1,658,687 1,982,633 2,359,845 2,832,682 3,385,911 4837613




Table 8- 14

Intra-Harbor Lockages
Transportation Savings
ALT: 1200 x90 x 22

(Savings in 1993 Dollars)

DWT Hily g 1991
{1,000} Cost _Vessels | Savings
Vessel Type: Dry Bulk, Foreign Flag ‘

0-10 458 1.0 ‘ 9,167
10-20 508 12 12,296
20-30 00 | 0
30-40 0.0 0
40-50 00 0
50-60 00 ‘ 0]
80-70 0.0 0
70-80 00 0
80-90 00 0
Total 22 \ 21,463
Vassel Type: General Cargo, Foreign

3 308 95.0 632016
3-10 380 2.1 15,937
10-20 0.0 ‘ 0
20-30 0.0 0
30-40 00 \ 0
40-50 0.0 0
50-60 0.0 0
60-70 0.0 ‘ 0
7080 0.0 0
80-90 0.0 | 0
Total 97.1 647,953
Grand Total ,416

111.5
25
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

114.0

742,093
18,712

o

cocoococoo

760,805

14
1.7
00
00
0.0
0.0
0.0
0.0
0.0

3.1

887025
22,367

coocoocooOoO0O

909,392

939,515

159.4
36
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

162.9

8

190.5
43
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0

194.8

2040 2040 2060
Vessels Savinas Vessel

18,382 24 21,971 34

24,657 29 29472 4.1

0 00 (o] 0.0

0 00 0 0.0

0 00 0 0.0

0 00 0 0.0

0 00 0 0.0

0 00 0 0.0

0 00 0 0.0

43,038 53 51,444 75

1,267,335 2277 1,514,848 325.3

31,957 51 38,198 73

0 0.0 0 00

0 0.0 0 0.0

0 00 0 00

0 0.0 0 0.0

0 00 0 0.0

0 0.0 0 00

0 0.0 4] 0.0

0 00 0 0.0

1,299,292 2328 1553046 3326
1,342,330 1,604,490

2060
Vi

31,392
42,108

OO0 OO0

2,164,336
54,575

ooocococoo o

2,218,911
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;rable 8-18

Thru Lockages
Transportation Savings
ALT: 900 x90 x 22
(Savings in 1923 Dollars)

DWT Huly 1991 1891 2000 2000 2010 2010 2020 2020 2030 2030 2040 2040 2060 2060
{1,000 Cost Vossels  Savings  Vessels Savings  Vessels Savings | Vessely Savings  Vessels  Sovings  Vessels  Savinas  Vessels  Savings
Vessal Type: Container, Foreign Flag
10-20 0.0 0 00 0 00 0 0.0 0 0.0 0 0.0 0 0.0 0
20-30 0.0 0 00 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
30-40 0.0 0 00 0 0.0 0 0.0 0 00 0 0.0 0 0.0 0
40-50 0.0 0 00 0 0.0 0 0.0 0 00 0 0.0 0 0.0 0
50-60 0.0 0 00 0 0.0 0 00 0 0.0 0 0.0 0 0.0 0
60-70 00 (] 0.0 0 0.0 0 00 ] 0.0 0 . 00 0 0.0 0
70-80 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
80-90 00 0 0.0 0 0.0 ] 00 0 00 0 0.0 0 0.0 0
Total 00 0 0.0 ] 00 ] 00 0 0.0 0 0.0 0 0.0 0
Vessel Type: General Cargo, Foreign Flag

3 308 150 10,626 1756 12,477 21.1 14,913 252 17,826 30.1 21,308 36.0 25,469 51.4 36,389
0-10 00 0 0.0 0 0.0 0 00 0 0.0 0 0.0 0 00 0
10-20 0.0 0 0.0 0 0.0 0 00 0 0.0 0 0.0 0 0.0 0
20-30 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
30-40 0.0 0 0.0 0 00 0 0.0 0 0.0 0 0.0 0 0.0 ]
40-50 0.0 0 0.0 0 0.0 0 0.0 0 00 0 0.0 0 00 0
50-60 0.0 0 0.0 0 0.0 0 00 0 00 0 0.0 o 0.0 0
60-70 0.0 Q 0.0 0 0.0 0 0.0 0 00 0 00 0 0.0 0
70-80 0.0 0 0.0 0 00 0 00 0 0.0 0 00 0 0.0 0
80-90 0.0 0 0.0 0’ 0.0 0 0.0 0 0.0 0 00 0 0.0 0
Total 15.0 10,626 17.6 12,477 21.1 14,913 252 17,826 30.1 21,308 360 25,469 51.4 35,389
Grand Total 10,626 12,477 14,913 17,826 21,308 25,469 36,389
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Thiu Lockages
Transportation Savings
ALT: 900 x 110x 22
{Savings in 1993 Dollars)

DWT Hrly 1991 1991 2000 2000 2010
{1,000} Cost Vessels Savings Vassels Savings Vessels
Vessel Type: Container, Fareign Flag
10-20 00 0 0.0 0 0.0
20-30 0.0 0 0.0 0 00
3040 0.0 0 0.0 0 0.0
40-50 00 0 0.0 0 0.0
5060 0.0 0 0.0 0 - 0.0
60-70 00 0 0.0 0 0.0
70-80 0.0 0 0.0 0 00
80-90 0.0 0 0.0 ] 0.0
Total 00 0 0.0 0 0.0
Vessel Type: General Cargo, Foreign Flag

3 308 15.0 10,626 176 12477 211
0-10 00 0 0.0 0 00
10-20 0.0 0 0.0 0 0.0
20-30 0.0 0 0.0 0 00
3040 0.0 0 0.0 0 00
40-50 00 0 0.0 0 00
50-60 0.0 0 0.0 0 0.0
60-70 0.0 V] 0.0 0 00
70-80 0.0 0 0.0 .0 00
80-90 0.0 0 0.0 0 0.0
Total 15.0 10,626 176 12477 211
Grand Total 10,626 12,477

2010 2020 2020 2030 2030 2040 2040 2060 2060
-_Savings Vessels Savings Vessels Savings Vessels Sawvings Vessels Savings
0 00 0 0.0 0 0.0 0 0.0 0

0 00 0 0.0 0 0.0 0 00 0

0 00 0 0.0 0 0.0 0 0.0 0

0 0.0 0 0.0 0 00 0 0.0 0

0 00 0 00 ] 0.0 0 0.0 0

0 00 0 0.0 0 . 00 0 00 0

0 0.0 0 0.0 0 00 0 0.0 0

0 0.0 0 0.0 0 0.0 0 0.0 0

0 00 - 0 0.0 0 a0 4] 00 0
14,913 25.2 17,826 30.1 21,308 36.0 25469 514 36,389
0 0.0 0 0.0 0 0.0 0 00 0

0 00 0 0.0 0 00 0 0.0 0

0 00 0 0.0 0 0.0 0 0.0 0

0 0.0 0 00 0 0.0 0 0.0 0

0 0.0 0 0.0 0 00 0 0.0 0

0 0.0 0 0.0 0 0.0 0 00 0

0 0.0 0 0.0 0 0.0 0 0.0 0

0 0.0 0 0.0 0 0.0 0 0.0 0

0 0.0 0 00 0 0.0 0 00 0
14,913 25.2 17,826 30.1 21,308 36.0 25,469 514 36,389
14,913 17,826 21,308 25,469 36,389




Table 8- 20

Thiu Lockages
Transportation Savings
ALT: 800 x 110 x 36
(Savings in 1993 Dollars)

DWT Hrly 1991 1991 2000 2000 2010 2010 2020 2020 2030 2030 2040 2040 2060 2060

d

ELE =

{1.000) Cost Vessels  Savings . Vessels  Savings  Vessels  Savings  Vessels  Savings  Vessels  Sewings  Vessels  Savings  Vessels  Savings
Vessel Type: Container, Foreign Hag

10-20 779 24 2,558 28 3,003 34 3,590 40 4,201 48 5,129 58 6,130 82 8,759
2030 978 230 35038 270 41,141 323 49,176 386 58780 .  46.1 70,260 55.1 83,981 788 119988
3040 1,264 30 6,544 35 7,683 42 9,184 50 10,977 6.0 13,121 72 15,684 10.3 22,409
40-50 00 0 00 0 00 [ 0.0 0 00 0 00 0 0.0 0
50-60 00 0 00 0 00 0 0.0 0 00 0 0.0 0 0.0 0
60-70 00 0 00 0 00 0 00 0 00 0 00 0 00 0
70-80 0.0 0 00 0 00 0 0.0 0o 00 0 0.0 0 0.0 0
80-90 00 0 00 0 00 0 0.0 0 00 0 0.0 0 0.0 0
Total 24 44,139 333 51,827 399 61,949 476 74,048 56.9 88510 681 105,796 973 151,155

Vessel Type: General Cargo, Forsign Flag

3 308 . 150 10,626 176 12477 211 14,913 25.2 17,826 30.1 21,308 36.0 25,469 51.4 36,389
0-10 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 00 0
10-20 00 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 00 0
20-30 0.0 0 0.0 0 00 0 0.0 0 0.0 0 0.0 Q 00 0
30-40 00 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 00 0
40-50 c.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 o] 00 0
50-60 0.0 0 0.0 0 00 0 00 0 0.0 0 0.0 0 00 0
60-70 0.0 0 0.0 0 0.0 0 00 0 0.0 0 0.0 (o 00 0
70-80 00 0 0.0 0 00 0 00 0 0.0 0 0.0 0 00 0
80-20 00 0 0.0 0 00 0 0.0 0 00 0 0.0 0 0.0 0
Total 150 10,626 176 12477 211 14,213 252 17,826 30.1 21,308 36.0 25,469 51.4 36,369

Grand Total 54,765 64,304 76,863 : 81,874 109,817 131,265 187,544
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Table 8- 22

Thru Lockages
Transportation Savings
ALT: 1200 x 110 x 22
{Savings in 1993 Doliars)
—

DWT Hrly 1991 1991 2000 2000 2010 2010 2020 2020 2030 2030 2040 2040 2060 2060
i1000) _ Cost _ Vessels _ Sayings Vessels  Savinas  Vessels  Savings  Vessels  Savings  Vessels  Savings  Vessels  Oavings  Vessols  Savings
Vessel Type: Container, Foreign Fiag

10-20 00 0 0.0 0 0.0 1} 0.0 0 00 0 00 0 0.0 0
20-30 0.0 0 00 0 00 0 0.0 0 0.0 0 00 0 00 0
3040 0.0 0 0.0 0 0.0 0 0.0 0 00 0 0.0 0 0.0 0
40-50 00 0 0.0 -0 0.0 0 0.0 0 00 0 0.0 0 0.0 0
50-60 0.0 0 0.0 0 0.0 0 0.0 0 00 0 00 0 0.0 0
60-70 00 0 0.0 0 00 0 00 0 00 0 - 00 0 00 0
70-80 0.0 (4] 0.0 0 0.0 0 0.0 0 0.0 0 00 0 0.0 0
80-90 00 ] 0.0 0 0.0 0 00 0 0.0 0 00 0 0.0 0
Total 00 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Vessel Type: General Cargo, Foreign Flag

3 308 15.0 10,626 176 12477 21.1 14,913 25.2 17,826 301 21,308 36.0 25469 514 36,389

0-10 00 0 0.0 0 00 0 0.0 0 0.0 0 0.0 0 0.0

10-20 00 0 0.0 0 0.0 0 00 0 0.0 0 0.0 0 0.0 0
20-30 00 0 0.0 v 0.0 0 0.0 0 00 0 0.0 0 0.0 0
30-40 0.0 0 0.0 0 00 0 0.0 0 0.0 0 0.0 0 0.0 0
40-50 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
£0-680 0.0 0 0.0 "0 0.0 0 0.0 0 0.0 0 00 0 0.0 0
60-70 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 00 0 0.0 0
T70-80 00 0 0.0 V] 0.0 0 00 0 0.0 0 0.0 0 00 4]
80-90 0.0 0 0.0 0 0.0 0 0.0 0 00 0 0.0 0 0.0 0
Total 15.0 10,626 176 12,477 211 14,913 25.2 17826 30.1 21,308 360 25,469 514 36,389

Grand Total 10,626 12477 14,913 17,826 21,308 25469 36,389
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Total Deep-Draft Lockages

Table 8 - 24

Aiternative ][_ 1991 2000 2010 2020 2030 2040 2060
Existing: ‘ Intra 123.0 1445 1726 206.4 246.6 2948 421.2
Thru 15.0 176 21.1 25.2 30.1 36.0 51.4
Total 138.0 1621 193.7 2316 276.7 330.8 4726
900 x 90 x 52 Intra 99.3 116.6 139.4 166.6 199.2 238.1 340.1
\ Thru 15.0 17.6 ekl 25.2 30.1 36.0 514
| Total 1143 134.2 160.5 191.8 229.3 2741 3915
800x 110x ?2 Intra 99.3 116.6 139.4 166.6 199.2 238.1 340.1
Thru - 15.0 17.6 21.1 25.2 30.1 36.0 514
‘ Total 1143 134.2 160.5 191.8 229.3 2741 391.5
900x 110 36 Infra 163.0 1914 228.8 273.5 326.8 390.7 558.2
‘ Thru 434 50.9 61.0 72.8 87.0 104.1 148.7
Total 206.4 242.3 289.8 346.3 413.8 494.8 706.9

| .
1200 x 90x %2 Intra 99.3 116.6 139.4 166.6 199.2 238.1 340.1
Thru 15.0 17.6 211 25.2 30.1 36.0 51.4
\ Total 1143 134.2 160.5 191.8 2293 2741 391.56
1200 x 110 x 32 Intra 99.3 116.6 139.4 166.6 1892 238.1 340.1
Thru 15.0 176 21.1 25.2 30.1 36.0 514
‘ Total 114.3 134.2 160.5 191.8 229.3 274.1 391.5
1200 x 110 x 3% Intra 163.0 1914 228.8 2735 326.8 390.7 558.2
| Thru 434 50.9 61.0 728 87.0 104.1 148.7
Total 206.4 242.3 289.8 346.3 413.8 494.8 706.9




Table 8- 25

Deep-Draft Benefits
($1,000's — 1993 Price Levels)

Alternative 1991 2000 2010 2020 2030 2040 2060
Existing Intra 931 1,093 1,306 1,561 1,866 2,231 3,187
Thru | 11 12 15 18 21 25 36

Total 942 1,105 1,321 1,579 1,887 2256 3,223

900 x 90 x 22 Intra 669 786 940 1,123 1,342 1,604 2292
Thru 11 12 15 18 21 25 36

Total 680 798 955 1,141 1,363 1629 2,328

Incremental (262) (307) (366) (438) (524) (627) (895)

900 x110x 22 Intra 669 786 940 1,123 1,342 1,604 2,292
Thru 11 12 15 18 21 25 36

Total 680 798 955 1,141 1,363 1629 2,328

Incremerital (262) (307) (366) (438) (524) (627) (895)

900 x 110 x 36 Intra 1413 1,659 1,083 2370 2,833 3,386 4,838
Thru 55 64 Vi'd 92 110 18] 188

Total 1,468 1,723 2060 2462 2943 3,517 5,026

Incrementai 526 618 739 883 1,056 1,261 1,803

1200x 90 x 22 Intra 669 ' 786 940 1,123 1,342 1,604 2,292
. Thru 11 12 15 18 21 25 36
Total 680 798 955 1,141 1,363 1,629 2,328
incremental (262) (307) (366) (438) (524)_ (627) (895)

1200 x 110 x 22 Intra 669 786 940 1,123 1,342 1,604 .‘,. 2,292
: Thru 11 12 15 18 21 25 36

Total 680 798 955 1,141 1,363 1629 2328
Incremental (262) (307) (366) (438) (524) (627) (895)

1200 x 110 x 36 Intra 1,413 1,659 1,983 2370 2833 3386 4,838
Thru 55 64 77 92 110 131 188

Total 1,468 1,723 2,060 2462 2943 3517 5,026

Incremental 526 618 739 883 1056 1261 1,803




Table 8-26

Total and Incremental Average Annual Benefits Deep-Draft Navigation

($1,000's -- 1994 Price Levels, 7.75 Percent)

Total Incrementall
Benefits Benefits

Existing Lock

1,739 1/ N/A

1.771 2/
900 x 90 x 22

1.297 (483) 1/
900 x 110x 22

1,257 (483) 1/
900 x 110 x 36

2712 973 1/
1200 x 90 x 22

1,279 (491) 2f
1200 x 110x 22

1,279 (491) 2/
1200 x 110 x 36

2,761 990 2

1/ Average annual equivalents are measured over the period 2011 - 2060.
2/ Average annual equivalents are measured over the period 2012 - 2061,



SECTION 9 -~ VEHICULAR TRAFFIC ANALYSIS
VEHICULAR TRAFFIC MODEL
QOVERVIEW

The IHNC wvehicular traffic model is an analytical
methodology for estimating the annual transportation costs
to landside traffic transiting the IHNC bridge crossings.
It facilitates the comparison of costs of landside traffic
under without-project conditions to costs of various with-
project conditions. In calculating vehicular
transportation costs, the model is able to identify that
portion of total costs representing delays caused by bridge
openings. These costs can be thought of as navigation
dependent costs. Because navigation dependent costs are
identifiable, it is possible to determine the change in
vehicular traffic costs for a given lock size. It is this
transportation cost differential that represents the
vehicular benefits. The necessity for the vehicular
traffic model to intexrface directly with deep-draft and
shallow-draft model calculations for a specific lock size
should be apparent since bridge openings occur to
accommodate passage of navigation traffic. Therefore,
discussion of landside benefits must take place within the
context of a particular lock scenario.

Two analytical technigques were considered in the
formulation of the IHNC vehicular traffic model. The first
technique was based on the more complex queuing methodology
and the second on the simpler differential running speed
approach. Each will be described in detail and the basis
for selection presented.

DEFINITIONS

The following terms are defined to facilitate understanding
of subseqguent discussion of the techniques considered.

Analysis Section--length in miles over which costs are
calculated including bridge span and ramps and, in some
cases, level ground apprcach sections.

Costs--bridge user costs are the sum of (1) aute, truck,
and bus vehicle running costs and {(2) the value of wvehicle
user travel time.

a. Vehicle running costs--mileage-dependent costs of
operating autos, trucks, and busses on the analysis section
including expenses for fuel, tires, o0il and maintenance,
and mileage-dependent depreciation.



b. Value of travel time--a dollar wvalue of an
individual's time while in transit. This wvalue can be
differentiated by trip purpose to reflect, at a minimum,
the difference between commercial traffic (truck driver's
time) and auto user time.

Traffic characteristics--as defined below 1t includes
factors that determine the incidence and magnitudes of user
costs assoclated with vehicle trips which cross the THNC.

a. Highway capacity--the maximum number of vehicles
that can pass over a section of roadway during a given time
pericd under specified rocadway and traffic conditions.

b. Traffic volume--the actual number of vehicles that
pass over a roadway section during a given time period.

c. Running speed--the speed over a specified section
of roadway determined by dividing the distance travelled by
the time required to transit the section.

d. Peak-Hour--peak-hour periods refer to those times
corresponding to rush hour at which time the traffic flow
consists primarily of commuters.

e. Level of Service--a qualitative measure of the
traffic flow conditions on a highway section determined by
the relationship between traffic wvolume (V) and highway
capacity (C) during the roadway's peak period. If the V/C
ratio equals 1.0, a level F condition exists which means
that the traffic flow 1is congested and unable to run
freely, resulting in slowdowns and traffic delays. Such a
condition would also result from the blockage of traffic
flow due to the raising of a bridge's draw span.

QUEUING METHODOLOGY

Level of sgervice F describes a forced flow condition in
which the highway stores vehicles backing up from a
downstream bottleneck. In other words, physical lines of
waiting wvehicles (queues) occur upstream from the
bottleneck section. Causes of such queues usually involve
intersection signalization at near capacity peak-hours,
roadway constrictions, or traffic volumes exceeding roadway
capacity.

The costs to the highway user are greatly increased when
there 1s cueuing due to the additional time delays
encountered during such conditions. If gueuing occurs at
peak-hour periods, when a roadway 1is carryving heavy
volumes, the queues will be lengthy and the time it takes



to dissipate them will be long in contrast to periods of
low traffic flows.

The method employved in this model for determining queuing
time delay and dissipation time delay is the deterministic
method for interrupted flow. This method is appropriate for
studying intersection delays where signalization cycles
result in queuing at peak periods. It is not designed for
a bridge opening scenario. However, the deterministic
method can be modified to accomplish its principal purpose:
to determine average queue length, average queue duration,
and average vehicle delay due to the queue--all necessary
to assign costs to queuing. The deterministic method
described helow reflects a simplifyving assumption--uniform
flow of vehicles rather than random traffic movements--and

therefore, tends to underestimate queue buildup.
Therefore, the time delay estimates resulting from the
analysis should be considered somewhat understated. It

also does not account for the possibility that the duration
of the queue occurring during a peak-hour period may extend
into a non-peak hour while the queue is dissipating.
Rather, the peak hour and non-peak hour periods are
considered fixed in length and the condition of the queue
at the end of one period does not carry over to the start
of the next period.

Deterministic queuing has two formulations, one for
application where delay 1is due to demand exceeding
capacity, and the other in which delay is caused by signal
cycling. This latter approach has been modified by
substituting the bridge opening time for the signal cycle
time, and assumes that the hourly volume on the roadway is
restricted in proportion to the average percent of each
hour that the traffic flow is broken by a bridge opening.

In this method, traffic is thought of as a continuous flow
arriving at a uniform rate (g), it is released at a rate
{q,) » and builds a gqueue while the arrival rate exceeds the
departure rate. At a later point, arrival rates become
less than departure rates and the gueue dissipates. The
vehicle arrival rate 1s proportional to the density and
speed of the arriving vehicles. The back of the queue is
extending while demand exceeds capacity. Thus, the
relative speed with which arriving wvehicles approach the
queue is greater than their speed over the ground, and
therefore, the maximum density per lane (km) is assumed for
all gueued vehicles and is based on a spacing of 22
ft/vehicle or 240 wveh/mi/lane.

The following equations describe the basic relationships
required to calculate delay time to wvehicles.



The rate of vehicles arriving in the queue is:

g = g [1 + (o - @) / (NL x SPD, x k, - ¢,})]., where
q, = arrival rate (demand wvolume)

qp = release rate (capacity)

NL = number of lanes

SPD, = average speed of vehicles approaching from upstream
Ko = density of wvehicles per lane

Average delay due to the gueue is:

AD = [T {(a/qg, - 1) + R] *2, where
T = duration of analysis time period in minutes
R = average time of bridge opening per hour in minutes

Period Definition

For purposes of user cost calculations on urban highways
where hourly travel flows are uneven, it is necessary to
evaluate these flows on a separate peak and off-peak hour
basis. User costs can be derived for each separate
representative hour and factored to the full day according
to the hourly distribution of traffic volume. Where such
differentiation i1s unnecessary, (traffic flow is uniform)
a representative hour can be analyzed and factored up to
the full day without differentiation. As the IHNC bridge
crossings are all affected by peak-hour traffic flows,
these must be evaluated independently. As the AM peak-hour
period is reversed in the PM peak-hour peried, the analysis
does not have to reflect directional traffic flow
differences.

In order to model all-day traffic with peak and off-peak
preriods, the traffic in the midnight to 6 AM hours is added
to the off-peak total, but the hours are excluded from the
day leaving an 18-hour period; 4 hours being peak hours and
14 hours being off-peak. On an annual basis, these hours
would break down as follows:

4 peak hours x 249 (365 days - 104 weekend

days - 12 holidays = 249 weekdays) 996 hrs

3,486 hrs

14 off-peak hours x 249 weekdays

18 off-peak hours x 104 weekend days 1,872 hrs



18 off-peak hours x 12 holidays 216 hrs

Il

Total off-peak hours per year 5,574 hrs

Total hours (18 x 365) 6,570 hrs
In addition to being calculated on a peak and off-peak
period basis, costs are also classified as being either
navigation independent or navigation dependent. This basic
classification facilitates the following discussion of
specific cost calculation routines.

Navigation Independent Costs

Navigation independent <costs represent those costs
asgociated with free-flow transit of the analysis section.
These costs include running costs of the wvehicle and the
value of passenger time. To calculate mnavigation
independent costs, the following procedure is employed.

Step 1: Calculate the hourly flow of each vehicle type for
peak and off-peak periods. To calculate these flows, the
following wvalues must be specified: total daily vehicles
for all bridge crogsings; each bridge's share of total
vehicles; the percent of a bridge's dally wvolume that
represents a single hour of peak and off-peak traffic; and
the percentage of éach wvehicle type for peak and off-peak
periods. The product of these values vields hourly flows
for each bridge (see tables 9-1 and 9-2).

Step 2: Calculate the running cost per trip for each
vehicle type for peak and off-peak periods. To calculate
trip running cost, the bridge length, bridge grade, vehicle
gspeed for peak and off-peak periods, and a cost/speed/grade
matrix per 1,000 vehicle-miles for each vehicle type is
required. When necessary the cost/speed/grade matrix is
interpolated to find the appropriate cost for the specified
bridge grade and vehicle speed. The length of the analysis
section 1s coterminous with the length of the high-rise
bridge. For the lower-level bridges which span shorter
distances than the high-rise bridge, level rumnning costs
are used for the portion of the analysis section not
involving the ramps or span and running costs associated
with a given grade (positive grade on the upstroke and
negative grade on the downstroke) are used over the actual
length of the bridge (see tables 9-3 through 9-7).

Running cost per trip is calculated as the sum of approach
cost (cost on level grade x distance) plus positive grade
cost {cost on positive grade x distance) plus negative



Average Daily Traffic and Traffic Splits
Selected Years

Table 9-1

Condition 1930 2000 2020
Number % Number % Number %
Without-Project
St.Claude (low} 29,875 35 30,851 33 32,334 34
Claiborne (mid} 43,531 51 42,070 45 39,941 42
Florida (low) 117950 14 - —= -= -
(high) i - 20,567 22 22,824 24
Total 85,356 100 93,488 100 95,099 100
With-Project
St.Claude (low) 28,177 28 28,319 28 28,770 28
Claiborne ({mid) 34,216 34 34,387 34 34,935 34
Florida (high) 38,241 38 38,432 38 39,044 38
Total 100,634 100 101,138 100 102,749 100
With-Project
St.Claude (mid) 33,290 39 36,460 39 37,090 39
Claiborne (mid) 33,290 s3] 36,460 39 37,090 39
Florida (high) 18,776 22 20,568 22 20,919 22
Total 85,356 100 93,488 100 95,099 100
Source: Regional Planning Commlssion for Jefferson,

Orleans, St. Bernard and St. Tammany Parishes,
Inner Harbor Navigation Canal. Lock Replacement

Project. Traffic Impact Apalvsis, September
1993.

Notes: Execlusive of busses

Estimates for 2010 were made by interpolating between
traffic volume in the years 2000 and 2020, and by
using 2020 roadway splits.

The 2020 estimates were held constant for 2030, 2040,
and 2060.

The with-project condition that involves a low-mid-
high bridge configuration also includes permanent
Florida Avenue access road improvements. The with-
project condition that involves a mid-mid-high bridge
configuration does not include permanent Florida
Avenue access reoads.



Table 9-2

Distribution of Hourly Traffic Volume
By Bridge, Vehicle Type and Period

(in percent)

Vehicle 8t. Claude Claiborne Florida
I‘yI)e

Peak Off-Peak Peak Off~-Peak Peak Of-Fsc
Automobiles 70 90 70 B0 70 8
Single Unit Trucks 20 7 15 10 15 i
Large Trucks 10 3 is 10 i5 a

100 100 100 100 100 ilt)]

Busses 19 8 14 9 0

Sources: EDAW Inc., "Transportation, Volume 5" of the
Ninth Ward Study.

EDAW Inc., "Highway  User Cost Analysis
Methodology for IHNC Bridge Crossings™” of the

Ninth Ward Study, May 1982.

Regional Transit Authority {(number of busses).

Notes: Bussegs are shown as actual vehicles, not in
percent,

The Regional Planning Commission estimates that
12 percent of each bridge's average daily traffic
volume occurs during each peak hour.



Table 9-3

Bridge Grades and Lengths
By Bridge Crossing

Condition Grade (in percent) Length (in miles)
Existing

St. Claude {(low) 3 0.32
Claiborne (mid) 5 0.59
Florida (low) 3 0.05

Without-Project

St. Claude (low) 3 0.32
Claiborne (mid) 5 0.59
Florida (high) 5 1.59

With-Project

St. Claude ({(low) 3 0.32
Claiborne (mid) 5 0.59
Florida (high) 5 159

With-Project

St. Claude {mid) 4 17 1
Claiborne (mid) 5 0.59
Florida (high) 5 1.59



Table 9-4

Peak Free-Flow
Vehicle Speeds

(in mph)

Condition 1890 2000 2020

Without-Proiect

St. Claunde (low) 17 .40 15.5 14.0
Claiborne (mid) 13.0 12.7 14.0
Florida (low) 17,0 - -
(high) -- 55.0 55.0
With-Project
St. Claude (low) 16.5 16.5 16.5
Claiborne (mid) 19.0. 19.0 19.0
Florida {(high) 54.0 54.0 54.0

With-Project

St. Claude (mid) 20.0 1i5.0 15.0
Claiborne (mid) 20.0 15.0 15.0
Florida (high) 55.0 55.0 55.0

Source: Regional Planning Commission, Inner Harbor

Navigation Canal. Lock Replacement Project.
Traffic Impact Analysisg, September 1993.

USACE (1990 without-project).
Notes: Speeds in the vear 2010 use the 2020 estimates

The 2020 speed estimates were also used for 2030,
2040, and 2060.



Table 9-5

Average Running Costs at Uniform Speeds on Level
Tangents and Grades for Passenger (ars
(1992 Costs in Dollars per 1,000 Vehicle Miles)

Speed ~-5%Grade Level +2%Grade +4%Grade +6%Grade

5 183.80 250.59 266.68 294:05 308.20
10 148.41 186.94 201.37 219.88 240.74
15 135,72 168.89 188.15 206.63 226.00
20 129.45 162.66 181.64 199.58 212.58
25 126.24 161.00 177 .68 196.78 217 59
30 125,24 161..14 17619 196.37 Z16.73
35 12575 162.86 1HF .98 196.57 216.82
40 127 .62 16567 180.24 198.04 17 .77
45 130.28 168.36 183.24 193 .60 218 .67
50 133.84 i L7 i P 1 187.15 202.78 223 20
55 188..19 175,33 191..47 207 .58 228.51

Sources: American Association of State Highway and
Transportation Officials, A Manual on User
Benefit Analvsis of Highway and Bus-Transit

Improvements, 1977.

USACE Update using U.S. Dept. of Commerce, Bureau
of Labor Statistics, 1992 Consumer Price Index
and Producer Price Index.

Note: Passenger car idling cost is $728.45 per 1,000
vehicle miles.



Table 9-6

Average Running Costs at Uniform Speeds on Level
Tangents and Grades for Single Unit Trucks -

(1992 Costs in Dollars per 1,000 Vehicle Miles)

Speed -5%Grade Level +2%Crade +4%CGrade +6%Grade
5 265.46 307.17 369.71 466.98 526.60
10 234.73 281.11 348.18 434.51 515.33
15 il 250 262 .38 334.05 408.56 509.16
20 198.54 259.14 339.00 436.32 526.42
25 165.62 268.36 354.39 459 .62 566.56
30 L7075 281.64 373 .78 492.18 623 .15
3.5 204.09 L. .52 401.47 540.95 623 .15
40 217.89 321.03 432.93 606.20 623 .155
a5 21789 344 .45 466.78 606.20 623.15
50 217..88 370.60 502 . 10 606.20 823 .15

R R N S TV B RS

Sources: American Association of State Highway  and
Transportation Officials, A Manual on User
Benefit Analvsis of Highway and Bus-Transit

Improvements, 1977.

USACE Update using U.S. Dept. of Commerce, Bureau
of Labor Statistics, 1992 Consumer Price Index
and Producer Price Index.

Note: Single unit truck idling cost per 1,000 wvehicle
miles is $646.44.



Table 9-7

Average Running Costs at Uniform Speeds on Level
Tangents and Grades for Large Diesel Trucks

(1992 Costs in Dollars per 1,000 Vehicle Miles)

Speed -5%Grade Level +2%Grade +4%CGrade +6%Grade
5 201.03 621.97 669.68 726 .52 780.76
1.0 192..72 420.19 537 <14 656.64 FID L
15 190.64 358.85 502.17 649.91 794 .84
20 191.28 335.43 494 .01 666.09 848.56
25 196.86 329.41 501.86 T01.35 837 .92
30 205.65 3435.0Z B21.79 758.12 837.82
35 205.65 348.06 550.74 837.38 937.92
40 205.65 368.00 589.63 837.38 S97.92
45 205.65 385.246 641.25 837.38 937.92
50 205.65 436.79 641.25 837.38 937 .92
55 205 .65 469.64 641.25 837.38 937.92

Sources: American Association of State Highway and
Transportation Officials, A Manual on User

Benefit Analvsis of Highway and Bus-Transit
Improvements, 1977.

USACE Update using U.S. Dept. of Commerce, Bureau
of Labor Statistics, 1992 Consumer Price Index
and Producer Price Index.

Note: Large truck idling cost 1is $449.85 per 1,000
vehicle miles.



grade cost (cost on negative grade x distance) divided by
1,000, Division by 1,000 converts the costs in the
cost/speed/grade matrix which are per 1,000 miles to a per
trip basis.

Step 3: Calculate the value of time per wvehicle crossing
for each vehicle type for peak ahd off-peak periods. The
value of time per vehicle crossing is equal to [length of
analysis section/vehicle speed] times wvalue of passenger
time times number of passengers per vehicle (see table 9-
8).

Step 4: Calculate navigation independent costs on an
hourly and annual basis for each vehicle type for peak and
off-peak periods. Navigation independent costs are

composed of the relevant running costs plus user costs.
Running costs for a representative hour are equal to the
nunber of vehicles times the cost per trip. User costs for
a representative hour are equal to the number of vehicles
times the wvalue of time per wvehicle crossing. Hourly
running costsg and user costs are summed and converted to an
annual basis by multiplving the peak hourly costs by 996
and the off-peak hourly costs by 5,574. {The numbers 996
and 5,574 represent total peak and off-peak hours in a
vear, respectively.)

Navigation Dependent Costs

Navigation dependent costs represent those costs imposed on
vehicular traffic as the result of navigation induced
bridge raisings. Unlike the calculation of navigation
independent costs, the computation of navigation dependent
costs reguires an interface with the level of navigation
activity. The calculation of navigation dependent costs 1s
as described in the following procedure.

Step 1: Calculate the hourly bridge openings required to
serve navigation traffic for peak and off-peak periods.
For the peak period, when constraints created by curfews
are placed on bridge openings, desired openings per hour
are compared to maximum allowable openings. Desired
openings are equal to annual barge lockages divided by
annual hours available for barge service. Desired openings
represent barge lockages per hour assuming a uniform flow
of barge traffic. Maximum allowable openings are egual to
a specified percentage of a peak hour that a bridge is
allowed to be open, as controlled by the curfew, times
sixty minutes and divided by the average bridge open time
per lockage. The lesser of desired openings and maximum
allowable openings is the value used for the peak period.
If maximum allowable openings 1is used during the peak
period, then off-peak period openings due to barge traffic



Table 9-8

Vehicle Occupancy, Value of Time,
And Bus Operating Costs

{1992 Costs in Dollars)
e e e e e e s ]

Item Auto Small Large Bus

Truck Truck Peak Off-

Peak

Persons per 1.3 1.0 1.0 40.0 10.0
vehicle
Hourly Value of $4.00 $10.00 §12.75 $4.00
Occupant Time
Hourly (1) (1) (1) $56.00

Operating Cost
e s . = - - e e s e

Sources: EDAW Inc., "Highway  User Cost Analysis
Methodology for IHNC Bridge Crossings" of the
Ninth Ward Study, May 1982 (occupancy levels and
passenger time values).

Regional Transit Authority (bus operating cost).

Teamster's Local Union Number 270, 1992
(truck driver hourly earnings).

(1) Operating costs for autos, small trucks, and large
trucks are described in tables 9-5, 9-6, and 9-7.



are equal to anhual barge lockages minus annual peak hour
barge lockages divided by annual off-peak barge hours. If,
however, desired openings are used for the peak period,
then desired openings are also used for the off-peak
pericd. In addition to bridge openings due to barge
traffic, bridge openings due to ship traffic must alsec be
considered. For bridge opening purposes, all ship traffic
ig assumed to occur during the off-peak period (see tables
9-9 through 9-11).

Step 2: Calculate the percentage of an hour the bridge is
in the open condition for peak and off-peak periods. For
the peak period, the percentage of an hour a bridge is open
is egual to openings per hour times the time that the
bridge is open per raising, divided by sixty minutes. For
the off-peak period, minutes open per hour due to barge
traffic i1s calculated in the same manner as for the peak
period. In addition, open time for ships must be included.
Time open per ship lockage is equal to a specified bridge
open time times a specified percentage of off-peak period.
Thus, the percent of an hour that the bridge is open can
now be calculated. It is composed of a weighted average of
open time per barge lockage and open time per ship lockage
weighted by the percent of annual off-peak hours attributed
to barge traffic and ship traffic, respectively.



Table 9-9

Average Bridge Open Time

{in minutes)
S e e g e e R e e AR B e e ey R e |

Condition Single Additional Tow Deep Draft
Tow Increment Vessel

Existing

St. Claude

(low) 7.1 1.6 16.7

Claiborne

(mid) 6.2 0.0 8.5

Florida

{low) 5.2 3.6 8.4

Future Without-Proiject

St. Claude

{low) 7.1 1.6 10.7

Claiborne

{mid) 6.2 0.0 8.5

Florida

(high) 0.0 00 0,0

With-Project

3t. Claude

{low) 7.1 i L

Claiborne

{mid) 6.5 0.0 9.1

Florida

{high) 0.0 0.0 0.0

With-Project

St. Claude

{mid) 6.5 0.0 2.1

Claiborne

(mid) 6.5 0.0 9.1

Florida

(high) 0.0 0.0 0.0

Sources: USACE from Louisiana Department of Transportation
and Development bridge log data (existing

condition and without-project).

USACE from USACE rxiver stage data and WCSC
towboat height data (with-project).



Table 9-10

Percent of Vessel Requiring
Bridges to Open

Condition Shallow Draft Deep Draft
Existing

St. Claude (low) 100.0 100.0
Claiborne (mid) 14.2 100.0
Florida (low) 100.0 100.0

Without-Pro-iject

St. Claude {(low) 100.0 106..0
Claiborne (mid) 14.2 100.0
Florida (high) 0.0 0.0

With-Project

St. Claude (low) 100.0 100.0
Claiborne (mid) 25.8 100.0
Florida (high) 0.0 0.0

With-Project

St. Claude (mid) 25.8 100.0
Claiborne (mid) 25.8 1.00..0
Florida (high) 0.0 0«

Sources: USACE from Louisiana Department of Transportation
and Development bridge 1log data (existing
condition and without-project)

USACE from USACE river stage data and WCSC
towboat height data (with-project).



Table 9-11
Percent of Time Bridge Are Allowed Open
During Peak Hours With Curfews

(in percent)

Condition 1990 2000 2020

Without-Project

St. Claude (low) 1005 10.:5 10.5

Claiborne (mid) 0.9 0.9 0.9

Florida (low) 11.5 - --
(high) - _ e

Without-Project

St. Claude (low) 10.5 165 10.5

Claiborne (mid) 0.9 0.9 0.9

Florida (high) _—

With-Project

St. Claude {(mid) 0.9 0.9 0.5

Claiborne {(mid) 0.9 0.9 0.9

Florida {high)

SOURCE:

Note:

USACE from Louisiana Department of Transportation
and Development bridge log data.

Percentages represent actual portions of the peak
period that bridges are open. While Claiborne is
allowed open a much lower percent of time
compared to St. Claude, it does not represent a
binding constraint on navigation traffic through
the Inner Harbor Navigation Canal, since a large
portion of navigation traffic does not require
the Claiborne Bridge to be raised.



Total time open in minutes is divided by sixty to express
open time as a fraction of an hour.

Step 3: Calculate the hourly flow of each vehicle type for
peak and off-peak periods. This is the same method as
described for calculating navigation independent costs.

Step 4: Generate queues and average delay for peak and
off-peak periods. Demand volume and bridge capacity are
required to generate queues and average delay. Demand
volume is the hourly flow of all vehicle types as
calculated in step 3 above. Bridge capacity is equal to
[one minus the percent of time the bridge iz open during an
hour] times demand volume. The arrival rate and average
delay are calculated as described earlier in the gqueuing
methodology portion of this section. Average delay in
minutes is converted into average delay as a percent of an
hour by dividing by sixty.

Step 5: Calculate navigation dependent costs on an hourly
basis for each vehicle type for peak and off-peak periods.
Navigation dependent costs consist of two parts: wvalue of
passenger time during delay and vehicle idling costs during
delay. The value of passenger time is equal to the number
of vehicles times the number of passengers per vehicle
times the value of passenger time times the average delay
as a percent of an hour. Idling costs are equal to a
specified cost per wvehicle hour times the number of
vehicles times the average delay as a percent of an hour.
The sum of these two hourly components are converted to an
amual basis by multiplying by the annual number of period
hours.

DIFFERENTIAL RUNNING SPEED APPROACH

As an alternative to the queuing methed, a simpler
technique igs available with use of the differential running
speed approach. The essence of this methodology recquires
the use of differential average running speeds that
characterize the periods inclusive and exclusive of a
bridge opening. The use of slower sgpeeds to capture the
effects of a bridge opening results in added user costs
compared to the higher speed of a free-flow period.

Cost Calculation Procedure

The calculation procedure of the differential running speed
approach strongly resembles the procedure used in
calculation of navigation independent costs in the gqueuing
method. The following steps are regquired.



Step 1: Calculate the hourly flow of each vehicle type for
peak and off-peak periods in the same manner as described
previously.

Step 2: Calculate the running cost per trip for each
vehicle type using a weighted speed to reflect average
bridge open time for peak and off-peak periods. Running

cost per trip is calculated exactly as in the navigation
independent costs portion of the queuing method with the
exception of the selected speed. In this procedure the
speed (transit with no bridge interruption) and the
interrupted, or effective, speed assuming an average bridge
open time are factored into the average running speeds.
These with and without bridge opening speeds are weighted
by the percent of an hour a bridge is open for a particular
gcenario. The bridge open percentage is calculated in
exactly the same manner as previously described in the
navigation dependent costs portion of the gueuing method.
Running c¢ost per trip is then calculated using this
weighted speed (see table 9-12).

Step 3: Calculate the value of time per vehicle crossing
for each vehicle type for peak and off-peak periods. Using
the weighted average speed, this step is the same as
described earlier.

Step 4: Calculate total cost on an hourly and annual basis
for each vehicle type for peak and off-peak periods, same
as described earlier.

SELECTION OF METHODS

In order that the difference in peak and off-peak periods
be best addressed, a combination of the two approaches has
been selected to estimate vehicle costs. Queulng theory
for peak-hour periods and average running speed, inclusive
of bridge opening delays, for off-peak hours are most
sensitive to the traffic conditions peculiar to the
different service levels associated with peak and off-peak
periods.

The results of test applications showed that for the peak-
hour traffic delay estimate, the gqueuing-based methods
vielded a more realistic value compared to the running-time
approach. The effect of traffic interruptions from bridge
openings during peak periods was not adequately captured by
the differential running speed methods. Because of high
roadway utilization during this period, interruptions
produce a significant impact on delays and costs. The
differential running speed method had the effect of
averaging out the interrupted and free flow components to



Table 9-12

Off-Peak
Vehicle Speeds and Bridge Open Times

Condition Bridge Open Time Speed
{in minutes) (in mph)
Existing
St. Claude (low)
free-flow -— 28.0
interrupted 7.4 8.0
welghted -— 26.0
Claiborne (mid)
free-flow - 26.0
interrupted 6.2 9.0
weighted -— 23.9
Florida ({low)
free-flow —— 24.0
interrupted 6.4 9.0
welighted - 23.9
Without-Project
St. Claude (low)
free-flow —— 28.0
interrupted 7.4 8.0
weighted - 26.0
Claiborne (mid)
free-flow — 26.0
interrupted 6.2 9.0
weighted - 23.9
Florida (high)
free-flow e 5.0



Table 9-12 (continued)

Off-Peak
Vehicle Speeds and Bridge Open Times

Condition Bridge Open Time Speed
{in minutes) (in mph)

With-Project
St. Claude {low)

free-flow - 28.0

interrupted Tl 8.0

weighted -— 19.7
Claiborne (mid)

free-flow == 26.0

interrupted 6.5 9.0

weighted —— 22.5
Florida (high)

free-flow 55.0

With-Project
St. Claude (migd)

free-flow e 28.0

interrupted 6.5 8.0

weighted K 7
Claiborne (mid)

free-flow -- 24.0

interrupted B .5 9.0

weighted - 23.6
Florida {(high)

free-flow ~— 55 .0



such a degree that the impact of the interrupted component
was lost.

However, for off-peak analyses, the gueuing approach did
not appear to generate realistic results. This was
primarily due to the low traffic wvolumes affected by the
bridge openings. The gqueuing method is wvalid only under
conditions where the traffic volume exceeds the practical
capacity (inclusive of the bridge opening) of the analysis

section. As a result, the queuing method grossly
overstated the delay and cost estimates for the off-peak
period. Therefore, wuse of the running-time approach

utilizing properly weighted running speeds was selected as
the preferred method for ocff-peak analyses.

MODEL RESULTS
WITHOUT-PROJECT CONDITIONS

The existing conditions for IHNC bridge crossings are
described by a low-level bridge at St. Claude Avenue, a
mid-level bridge at Claiborne Avenue, and a low-level
bridge at Florida Avenue. Each bridge's relative share of
1990 total IHNC crossing traffic, as displayed earlier in
tabkle 9-1, shows 35, 51, and 14 percent for St. Claude,
Claiborne, and Florida, respectively. The significant
differences in relative shares are explained by several
factors. As the only mid-level bridge in the three bridge
system, Claiborne Avenue suffers fewer interruptions from
shallow-draft traffic than does St. Claude Avenue. This
fact alone explains the desirability of Claiborne over St.
Claude. The extremely low share at Florida is the result
of two conditions. The first is the fact that it is a low-
level bridge, and therefore suffers significantly £from
navigation induced delays. The second, and more important
consideration is the fact that access to the bridge is
limited. Because there is no major traffic corridor
associated with either side of the Florida crossing,
through-traffic views the inconvenience of limited access
as a significant limitation to Florida use. The combined
effects of the low-level crossing and limited access make
Florida much less desirable in the existing condition than
the two alternative IHNC crossings.

The IHNC bridge crossings provide access between St.
Bernard Parish and the portion of the City of New Orleans
bounded by the Mississippi River, the IHNC, and the
Mississippi River Gulf Outlet with the City of New Orleans
upriver of the IHNC. The crossings over the IHNC do not
provide exclusive access between the described areas.
However, for most traffic, they represent the shortest
route in terms of both time and distance and, therefore,



represent the most efficient route. Alternative routes to
the IHNC crossings typically add twenty or more miles one-
way to a trip. As a result, most wvehicles will incur
considerable delay before diverting to alternate routes.

The future without-project condition has the same bridge
configuration as described for the existing condition, with
the exception of Florida Avenue. The State of Louisiana
has authorized a new high-level span to be built at Florida
Avenue. Estimates for the impact of this new crossing on
relative shares and volumes of traffic captured by the
different bridges were prepared by the Regiocnal Planning
Commission for Jefferson, Orleans, St. Bernard and St.
Tammany Parishes (RPC). The RPC maintains a set of travel
demand models for use in maintenance of the region's Long
Range Transportation Plan. The travel demand models use
socioeconomic information which suggests the number and
nature of trips generated in the traffic corridor. They
estimate that, as a result of changes in both these
socioeconomic variables as well as the structural changes
to the roadways, the relative shares of traffic carried by
the bridges in the year 2000 would shift teo 33, 45, and 22
percent on St. Claude, Claiborne, and Plorida,
respectively. The majority of the increased traffic on
Florida appears to be due to trips formerly located on
Claiborne Avenue {(see table 9-1) which will now be assured
of uninterrupted transit over the IHNC on the high-rise
Florida Avenue Bridge. However, the existing constraints
on Florida Avenue continue to be present in the without-
project condition, namely, poor access, and single lane
feeder streets. As a result, the full potential for
capturing traffic share by the new high-level Florida
Avenue Bridge is not realized.

Future without-project traffic volumes were also generated
by the RPC. Limited growth of existing traffic volumes are
forecast, based on modest population growth projections and
small changes in related variables, such as employment.

Table 9-13 summarizes bridge user costs for the without-
project condition. The distribution of costs for each
bridge in table 9-13 is a reflection of bridge levels and
traffic wvolume. Bridge specific peak-period navigation
independent costs, which represent free-flow running costs,
are approximately proportional to relative traffic shares.

This is not the case, however, with respect to peak period
navigation dependent costs. St. Claude's share of
navigation dependent costs 1is greatly in excess of its
share of traffic volume. The reason for this is that St.
Claude is a low-level crossing. While the peak-period
bridge curfews prevent 5St. Claude from being raised as



Table 8-13
Vehicle Costs
Without-Project
(in 1992 $1,000)

1990 2000 2010 2020 2030 2040 2060
PEAK NAVIGATION DEPENDENT COSTS
St. Claude 4929 5465 6,344 6444 6444 6444 5,444
Claiborne 1,384 1,259 764 783 783 783 783
Florida 1,507 0 0 0 0 0 0
TOTAL 7800 6724 7407 7227 7227 7227 7207
PEAK NAVIGATION INDEPENDENT COSTS
St. Claude 3610 3978 4,460 4,495 4,495 4495 4,495
Claiborne 6765 6671 5840 5886 5886 5886 5,886
Florida 1415 1553 1,709 1,723 1,723 1,723 1,723
TOTAL . 11,790 12,202 12009 12,104 12,104 12,104 12,104
TOTALPEAKCOSTS 19,589 18926 19,116 19,332 19,332 19,332 19,332
OFF-PEAK COSTS
St. Claude 4,100 4264 4,444 4478 4481 4481 4,481
Claiborne 6,863 6641 6275 6322 6324 6324 6324
* Florida ' 1706 2353 - 2593 2619 2619 2619 2619
TOT OFF-PEAKCOST 12,669 * 13258 13312 13419 13424 13424 13424
GRAND TOTALCOST 32258 32,184 32428 32751 32756 32756 32,756

NOTE: Columns may not add due to rounding

E ~ 248



frequently as it would otherwise be raised in the absence
of a curfew, it is still raised on average much more often
than is the Claiborne Bridge. As a result, St. Claude has
a disproportionately high share of navigation dependent
costs and Claiborne has a. disproportionately small share.
The navigation dependent costs for Florida Avenue are
similar to those for St. Claude in 1990 only. As of the
yeaxr 2000, the high-level Florida Bridge will be in place
and, therefore, there will no longer be navigation
dependent costs for Florida trips.

The distribution of peak-period navigation dependent costs
is significant since these costs represent the vast
majority of navigation induced delays that could
potentially be zreduced in a with-project condition.
Reductions in navigation dependent costs represent the bulk
of wvehicular benefits for the peak period.

Costs for the off-peak period are also displayed in table
9-13. As with peak-period navigation independent costs,
off-peak costs are approximately proportional to relative
traffic share. This is not surprising due to the
similarity between the calculation procedure of the free-
flow running costs and the differential running speeds
method for the off-peak period. Unlike the cueuing
methodology of the peak period, the differential running
speed approach of the off-peak period is unable to
differentiate between navigation independent costs and
navigation dependent costs.

Table 9-14 displays additional detail relative to vehicle
delays. The percent of an hour each bridge is open during
the peak period is equal to the maximum percentage implicit
in the bridge curfews. The maximum percentage 1is always
reached because the volume of navigation traffic is in
excess of that required to reach the maximum allowed open
time. Because the restrictive curfews limit the flow of
navigation traffic during the peak period, the bridges must
be open a greater portion of time in the off-peak period
when no restriction exists. This fact is reflected in the
percent open time of table 9-14. As discussed earlier, the
fact that Claiborne is a mid-level crossing results in
relatively low navigation dependent costs. This is
reflected in the low open and delay times.

As can be seen in tables 9-13 and 9-14, construction of the
high-rise Florida Bridge eliminates all peak navigation
dependent costs for Florida Avenue traffic, causing total
peak navigation costs to decline from 1990-2000. Increases
in both navigation and vehicular traffic wvolumes are
responsible for increases in future without-project costs
over the time period. Decreased traffic wvolumes on



Table 9-14

Vehicle Delays
Without-Project
(in 1992 dollars)

E - 250

1990 2000 2010 2020 2030 2040 2060
ST. CLAUDE
% HR OPEN PEAK 10.5 10.5 10.5 10.5 10.5 10.5 10.5
% HR OPEN OFF-PEAK 18.6 20.7 21.5 215 21.8 21.6 216
% HR DELAY PEAK 15.8 17.0 19.1 19.2 19.2 19.2 19.2
$ DELAYNVEHICLEMHOUR - PEAK
AUTOS . 0,935 1.007 1.130 1.140 1.140 1.140 1.140
SM TRUCKS 1.692 1.826 2.048 2.064 2.064 2.064 2.084
HVY TRUCKS 2.078 2.241 2.512 2.534 2534 2.534 2.534
BUSSES 34.063 36684 41158 415268 41.526 41526 41.526
CLAIBORNE
% HR OPEN PEAK 0.9 0.9 0.9 0.9 0.9 0.9 0.9
% HR OPEN OFF-PEAK 25 2.8 2.8 2.8 29 29 2.9
% HR DELAY PEAK 3.3 3.1 2.0 2.0 20 2.0 2.0
$ DELAYNVEHICLE/HOUR - PEAK '
AUTOS 0.194 0.185 0118 0.121 0.121 0.121 0.121
SM TRUCKS - 0.352 0.336 0.216 0.220 0.220 0.220 0.220
. HVYTRUCKS 0.431 0.412 0.265 0.270 0.270 0.270 0.270
BUSSES 3.143 3.000 1.929 1.829 1.929 1.928 1.929
FLORIDA-
% HR OPEN PEAK 11.5 0.0 0.0 0.0 0.0 0.0 - 0.0
% HR OPEN OFF-PEAK 14.8 0.0 0.0 0.0 0.0 0.0 0.0
% HR DELAY PEAK 13.6 0.0 0.0 0.0 0.0 0.0 0.0
$ DELAYAEHICLE/HOUR - PEAK
AUTOS 0.808 0.000 0.000 0.000 0.000 0.000 0.000
SM TRUCKS 1.465 0.000 0.000 0.000 0.000 0.000 0.000
HVY TRUCKS 1.795 0.000 0.000 0.000 0.000 0.000 0.000



Claiborne from 1990 to 2000 are responsible for lower costs
for Claiborne and for total costs. This is not the case
from 2000 to 2010 when, despite a further decline in
Claiborne wvolume, the increased efficliency of traffic
relocated from Clailborne to Florida outweighs Claiborne's
decreased traffic and delay costs. Thus, total costs
increased from 2000 to 2010.

Costs for Diverted Traffic

Although the RPC's travel demand model accounts for
vehicular traffic which crosses the IHNC bridges, it does
not explicitly capture the trips that would use these
routes 1if the congestion levels and delays were not
present. With-project conditions induce the return of
these trips back to the IHNC crossings. Since the cost of
these ‘'diverted’ trips was not included in the wvehicle
model's ocutput of vehicle costs, an adjustment was in order
to make without-project costs comparable to with-project
costs. According to the RPC model results, in the vyear
2020 there will be 7,650 more trips which occur in the
with-project scenario than will occur in the without-
project scenario. This number is used to represent the
number of diverted trips which were not originally
captured.

The cost of making the diverted trip was estimated using
costs derived from the vehicle model calculations. The
diverted trip must cost less than the IHNC route in the
without-project condition, or it will use one of the IHNC
crossings. Similarly, the diverted trip must cost more
than the with-project cost of an IHNC trip, or it will not
shift to one of the IHNC routes once the with-project
improvements are implemented. Since total and diverted
traffic volumes for the IHNC crossings were estimated to be
the same for all lock construction alternatives, the
estimates from the lock scenario with the lowest per trip
costs were used to represent minimum diversion costs. This
average trip cost was then assigned to each of the 7,650
diverted vehicles and added to without-project costs
beginning in the year 2000 in table 9-17 which summarizes
with and without-project total vehicle costs.

WITH-PROJECT CONDITIONS

The with-project condition includes the replacement of the
existing lock with a new lock located north of Claiborne
Avenue. The St. Claude Bridge is replaced with an updated
low-rise bridge and Claiborne remains as a mid-rise and is
refitted with higher towers. As previously mentioned, the
high-rise Florida Avenue Bridge will be built by the State
in the without-project condition. An alternate with-



Table 9-15
Vehicle Costs
1200x110x36 Lock with curfew
(in 1992 $1,000)

1990 2000 2010 2020 2030 2040 2060

PEAK NAVIGATION DEPENDENT COSTS

St. Claude 2,818 3,236 3,760 4,284 4,752 4,752 4,752

Claiborne 421 425 430 435 435 435 435

Florida 0 0 0 0 0 0 0

TOTAL 3,239 3,661 4,189 4,719 5,187 5,187 5,187
PEAK NAVIGATION INDEPENDENT COSTS

St. Claude 3,501 3,517 3,542 3,567 3,567 3,567 3,567

Claiborne 4,085 4,104 4,134 4,164 4,164 4,164 4,164

Florida 2,900 2,914 2,938 2,961 2,961 2,961 2,961

TOTAL 10,486 10,535 10,614 10,692 10,692 10,682 10,692
TOTALPEAKCOSTS 13,725 14,196 14,803 15411 15880 15880 15,879
OFF-PEAK COSTS

St. Claude 3,674 3,713 3,752 3,798 3,819 3,845 3,915

Claiborne 5,438 5472 5,514 5,559 5,563 5567 5,579

Florida 4,383 4,409 4,443 4,476 4,476 4,476 4,476
TOT OFF-PEAKCOST 13,495 .13,594 13,708 13,832 13,857 13,887 13,870

\

GRAND TOTALCOST 27,220 27,790 28512 29,244 29,737 29,767 29,849

NOTE: Columns may not add due to rounding



Table 9-16
Vehicle Delays
1200x110x36 Lock with curfew
(in 1992 dollars)

1990 2000 __ 2010 2020 __ 2030 __ 2040 __ 2060

ST, CLAUDE
% HR OPEN PEAK 6.60 7.50 8.50 9.50 10.50 10.50 10.50
% HR OPEN OFF-PEAK 6.90 7.70 8.80 9.80 11.00 12.60 16.40
% HR DELAY PEAK 9.50 10.80 12.50 14.10 15.70 15.70 15.70
$ DELAYAVEHICLE - PEAK
AUTOS 0.56 0.64 0.74 0.84 0.93 0.93 0.93
SM TRUCKS 1.02 0.86 1.34 1.52 1.69 1.69 1.69
HVY TRUCKS 1.25 1.43 1.64 1.87 2.07 2.07 2.07
BUSSES 20.47 23.42 27.00 30.58 33.89 33.89 33.89
CLAIBORNE
% HR OPEN PEAK 0.90 0.20 0.90 0.90 0.90 0.90 0.90
% HR OPEN OFF-PEAK 1.30 1.50 1.60 1.80 2.00 2.20 2.80
% HR DELAY PEAK 1.30 1.30 1.30 1.30 1.30 1.30 1.30.
$ DELAYNVEHICLE - PEAK
AUTOS . 0.08 0.08 0.08 0.08 0.08 0.08 0.08
SMTRUCKS . 0.14 0.14, 0.14 0.14 0.14 0.14 0.14
- HVY TRUCKS _ 0.17 0.17 017 . 017 017 = 0417 0.17
. BUSSES 1.21 | 121 . 121 1.21 121 - 121 -~ \ 1.21
FLORID
% HR OPEN PEAK 0.00 0.00 0.00 0.00 0.00 0.00 0.00
% HR OPEN OFF-PEAK 0.00 ¢.00 0.00 0.00 0.00 0.00 0.00
% HR DELAY PEAK 0.00 0.00 0.00 0.00 0.00 0.00 0.00
$ DELAYNVEHICLE - PEAK
AUTOS 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SM TRUCKS - 0.00 0.00 0.00 0.00 0.00 0.00 0.00

HVY TRUCKS 0.00 0.00 0.00 0.00 0.00 0.00 0.00




Table 3-17

Total Transportation Costs and Savings Summary

(in 1992 $1,000)

1990 2000 2010 2020 2030 2040 2060 Average
Annual

Without-Project
wicurfew 32,258 32,184 32,428 32,751 32,756 32,756 32,756
wrdiversion adjustment 34,450 34,694 35,017 35,022 35,022 35,022
w/o curfew 36,125 39,184 40586 41,211 41,297 41,297 41,319
w/diversion adjustment 41,450 42,852 43,477 43,563 43,563 43,585
Savings (7,000) (8,158) (8,460) (8,541) (8,541) (8,563) 7,506 1/
Bridge Only w/o curfew 22,950 27,142 27,597 27,876 27,895 27,895 27,899
w/diversion adjustment 29,408 29,863 30,142 30,161 30,161 30,165
Savings 5,042 4,831 4,876 4,862 4,862 4,858 5310 &
900x90x22 wicurfew 29,166 29,370 29,642 29,926 29,978 30,039 30,062
Savings 5,080 5,052 5,092 5,044 4,983 4,960 5,505 3/
900x110x22 w/cuifew 29,340 29,310 29,571 29,842 29,881 29,929 30,043
Savings . 5,140 5,123 5175 5,142 5,093 4,979 5,596 3/
900x110x36 wicurfew 29,124 29,316 29,579 29,850 29,891 29,939 30,054
Savings 5134 5.115 5,167 5,131 5,083 4,968 5,586 3/
1200x%90x22 wicurfew 27,889 28,543 29,370 29,755 29,789 29,831 29,935
Savings 5,907 5,324 5,262 5,233 5,191 5,087 5722 4/
1200x110x22 wicurfew 27,207 27,777 28,495 29,225 29,733 29,767 29,845
Savings 6,673 . 6,199 5,792 5,289 5,255 5T 6,201 4/
1200x%110x36 wicurfew 27,220 27,790 28,512 - 29,244 29,737 29,767 29,849
Savings 6,660 6,182 5,774 5,285 5,255 5173 6,188 4/
300x90x22 wio curfew 31,155 32150 33400 34685 . 35803 37367 - 38405 |
Savings 2,300 1,285 333 (871) (2,345) (3,383) & (55) 3/
900x110x22 w/o curfew 29,938 30,738 31,748 32,774 33,690 34,807 37,448
Savings 3,712 2,945 2,244 1,332 215 (2,426) 2,052 3/
900x110x36 wio curfew 30,051 30,859 31,886 32,924 33,853 34,989 37,675
Savings 3,591 2,808 2,093 1,170 33 (2,653) 1,883 3/
1200x90x22 w/o curfow 28,084 28,820 29,747 30,685 31,515 32,528 34,923
Savings 5,630 4,947 4,333 3,507 2,495 99 4272 4/
1200 x110x22 w/o curfew 27,220 27,847 28,639 29,439 30,122 30,949 32,891
Savings 6,603 6,054 5,579 4,901 4,073 2,131 5703 4/
1200x110%36 w/o curfew 27,234 27,860 28,656 29,458 30,143 30,973 32,920
Savings 6,590 6,037 5,560 4,880 4,049 2,102 5593 4/
1/Over the period 1996-2045
2/Qver the per.od 2004-2053

3/Ovar the period 2011-2060
4/Qver the period 2012-2061



project scenario known as "Bridge Only" calls for the
existing lock to be rehabilitated, and to have a new mid-
level 8t. Claude Bridge.

In addition to these improvements, the Project Mitigation
Plan will provide a permanent access route which links St.
Bernard Highway and West Judge Perez Drive, the two major
traffic corridors 1in 8t. Bernard Parish, with Florida
Avenue. This will address the Florida Avenue access
problems and result in the increased utilization of the
Florida Avenue crossing. The access route will ke
constructed in an undeveloped section of land in St.
Bernard Parish, near the Orleans Parish line. The
permanent access route improvements are not assumed to be
part of the Bridge Only plan because they are not necessary
for project mitigation and the mid-level St. Claude Bridge
effectively addresses the traffic flow situation. However,
without the permanent access route improvements, the Bridge
Only plan does capture the 7,650 diverted wvehicle trips
and, therefore, reguires the same adjustment to total
vehicle costs as was regquired for the without-project
condition. (This adjustment is also required for the
Remove Bridge Curfews plan.) For purposes of displaying
model results, all project improvements are assumed to be
in place throughout the entire period of analysis,
beginning with 1990.

Relocation of the lock to a new north-of-Claiborne site has
implications for the number of bridge raisings and,
therefore, on delays and effective speeds. The current
lock is located on the riverside of the Claiborne Bridge
which has, for all intents and purposes, a constant forty
foot clearance. With the relocation of the new lock to the
north of Claiborne Avenue, water levels under the new
bridge will now be subiject to Mississippi River stage
filuctuations. In order to compensate for high river
stages, the vertical lift towers for the Claiborne Bridge
will be raised to provide the same degree of maximum
vertical clearance that currently exists. Additionally,
the number of barges needing the bridge to be raised will
also increase.

Estimates of additional Claiborne Avenue Bridge raisings
resulting from river stages are based on distributions of
highest fixed points for towboats and tugboats, and river
stage data. Comparisons of wvessel height data with the
stage data indicate an increase in the Claiborne Bridge
openings from 14 percent of all traffic to 26 percent.
This negative impact on landside traffic speeds and delays
is factored into the with-project cost estimations.
Another difference accounted for in the with-project
landside cost measurement is the tows per lockage



calculation for each lock size and its subsequent impact on
the number of bridge openings.

Tables 9-~-15 and 9-16 illustrate details of the with-project
costs and delays for a selected lock size--1200x110x36.
Direct comparison to the without-project cost tabkle is
hampered by the lack of inclusion of the "diverted traffic”
costs added to the without-project detailed costs (table 9-

13). However, it can be seen that with-project peak
navigation dependent costs are significantly reduced from
those in the without-project condition. With-project

delays in table 92-16 do not reach the maximum allowable
openings for St. Claude until the vear 2030, unlike in the
without-project scenario. Despite higher navigation
traffic wvolume in the with-project condition , maximum
allowable openings are not reached until 2030 because the
new lock can accommodate more tows per lockage. The length
of time the bridges are open per lockage goes up, but the
number of lockages goes down by a greater amount, thereby
generating an efficiency for the larger locks with respect
to bridge open time.

Table 9-17 displays total landside costs and savings for
each with~project alternmative, including conditions in
which the bridge curfew is removed, both in the without-
project condition, and for each with-project alternative.
Without-project costs need to include the costs of the
diverted traffic in order to make the appropriate
comparison to the with-project costs. Savings in table 9-
17 represent the difference between the complete without-
project costs and the with-project costs for each
alternative in both with curfew and without curfew
scenarios.

With bridge curfews, there are modest differences in
savings between alternatives. Interestingly, savings for
the Bridge Only plan are actually lower than the north of
Claiborne plans despite the fact that with the Bridge Only,
virtually all navigation dependent c¢osts are eliminated
with the mid, mid, high configuration of St. Claude,
Claiborne, and Florida Bridges. While eliminating
navigation dependent costs, the Bridge Only plan does not
capture the diverted trips that the north of ‘Claiborne
plans do because of the absence cof permanent detour routes.

Without bridge curfews, savings for all alternatives are
lower than under the with-curfew assumption. In fact,
savings actually become negative in the later years for the
smaller capacity lock alternatives. This occurs because
the positive effect on total bridge open time that is
produced by the larger tows-per-lcocckage number is
eventually overcome by the negative effect of more with-



project bridge openings. With curfews in place, peak
period bridge openings are restricted. For the plan that
involves only removing bridge curfews, transportation costs
are significantly higher than those associated with the
without-project condition. This outcome 1s expected given
that the only impact to vehicular traffic generated by this
plan is more bridge openings during the peak traffic
periods.



SECTION 10 - PROJECT COSTS, SUMMARY OF BENEFITS, AND
ECONOMIC JUSTIFICATION '

PROJECT COSTS
FIRST COSTS

Project expenditures by vear in 1996 dollars , exclusive of
mitigation costs, are displayed in table 10 - 1 for each
alternative. Total costs for lock construction
alternatives range from $377.7 million for the 900 x 90 x
22 alternative to $460.7 million for the 1200 x 110 x 36
alternative. The 1200 foot length plans or the 36 foot
sill plans have a 1l3-year implementation period. The
remaining lock construction alternatives require a 1l2-year
implementation period. The Bridge Only alternative, which
requires construction of a new mid-level bridge at St.
Claude ave., has a total construction cost of $42.9 million
and a required implementation period of eight years.

In addition to the construction costs described above,
total project first costs also include mitigation costs of
$33.0 million for the lock construction alternatives and
$18.2 million for the Bridge Only plan. Mitigation costs
by year are identified in table 10 - 2.

Representing a National Economic Development (NED) cost,
and included in total project first costs, are navigation
losses during construction. Navigation losses during
construction represent the loss of existing deep-draft
access that would occur during the last two vears of
construction for all lock construction plans. Depending on
the alternative, these last two years of construction are
either 2008-2009 or 2009-2010. Mitigation costs and
deep-draft losses during construction, along with project
construction costs, are summarized in table 10 - 3.

OPERATIONS MAINTENANCE & REPLACEMENT COSTS

Operations, maintenance, and replacement (OM&R) costs for
the lock construction scenarios are based on the following
schedule of items. Operations costs for all barge and ship
locks are $1,150,000 annually. Minor maintenance for all
lock plans is estimated at $150,000 annually. Dewaterings
and major. repairs would be required every 15 years at a
cost of $2,250,000 for the ship locks and $2,200,000 for
the barge locks.
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Table 10 - 1

Construction Expenditures By Year
Exclusive of Mitigation Cost

{1996 Prices; $1,000's)

Year Bg:'g: 900 x 90 x 22 800 x 110x 22 900x110x 36 1200 x90x 22 1200 x 110x 22 1200x 110x 36
1998 629.8 5,152.4 5,328.4 5,884.1 5,569.9 5,953.5 6,157.2
1999 629.8 31,773.0 31,8729 32,604.4 — 30,577.5 32,683.1 32,914.7
2000 678.3 29,8194 29,852.3 30,302.3 28,324.3 30,274.8 30,490.4
2001 1,573.9 20,067.2 20,173.4 21,180.3 19,570.0 20,917.6 21,576.4
2002 3,165.8 14,026.2 13,205.3 15,154.2 13,745.5 14,692.0 15,513.0
2003 10,497.4 65,592.2 66,171.9 69,928.9 67,704.0 72,366.2 77,053.6
2004 14,086.4 36,948.5 44,288.6 41,739.9 40,550.9 43,343.3 49,056.0
2005 11,638.6 47,556.5 55,864.5 63,917.0 58,195.7 62,203.1 61,626.3
2006 37,688.5 35,382.4 38,368.3 35,263.8 37,692.1 41,2474
2007 37,2241 38,592.0 45,935.3 42,420.2 45,341.3 49,461.7
2008 27,504.2 23,488.7 26,996.5 26,365.2 28,180.8 29,6749
2009 24,347.8 28,079.6 26,364.7 22,402.2 23,9448 24,816.7
2010 10,924.1 7,210.8 7,707.4 21,111.7
Total 42,900.0 377,700.0 392,500.0 429,300.0 397,900.0 425,300.0 460,700.0




Table 10 -2

Mitigation Expenditures By Year
(1996 Prices; $1,000's)

900 ft Length and 1200 ft Length or
Bridge 22 Foot Sill 36 foot Sill
Year Only Construction Alternatives Construction Alternatives
1999 300.0 6,570.0 6,570.0
2000 37.5 187.5 187.5
2001 4,978.6 187.5 187.5
2002 4,310.3 6,376.8 6,376.8
2003 2,824.8 6,549.2 6,549.2
2004 2,585.8 332.5 332.5
2005 3,119.4 3,042.5 332.5
2006 1,017.5 3,042.5
2007 4,875.9 1,017.5
2008 2,824.9 4,543.4
2009 1,043.0 2,824.9
2010 ) 1,043.0
Total 18,156.4 . 33,007.3 33,007.3

E - 260



Table 10-3

Cost Summary
{1296 $1,000, 7.375 Percent)

f92 - &

Remove Bridge

Bridge Curfews Only 900x90x22  900x110x22  900x110x36  1200x90x22  1200x110x22 1200x110x36
Construction Costs 0 42,900 377,700 392,500 429,300 397,900 425,300 460,700
Mitigation Costs 0 18,156 33,007 33,007 33,007 33,007 33,007 33,007
Nav Losses During Const 0 0 2,546 2,546 2,588 2,588 2,588 2,588
Total Costs 0 61,056 413,253 428,053 464,895 433,495 460,895 496,295
P.V. Const Costs 0 49,581 571,002 592,174 686,322 639,102 683,112 730,426
P.V. Mitigation Costs 0 22,407 51,901 51,901 54,677 54,677 54,677 54,677
P.V. Nav Losses 0 0 2,735 2,735 2,780 2,780 2,780 2,780
Total P.V. Costs 0 71,988 625,638 646,810 743,779 696,559 740,569 787,883
Annual Construction Costs 0 3,764 43,346 44,954 52,101 48,517 51,857 55,449
Annual Mitigation Costs 0 1,701 3,939 3,939 4,150 4150 4,150 4,150
Annual Nav Losses 0 0 208 208 211 211 211 211
Annual Permanent DD Losses 0 0 477 477 0 486 486 0
Annual O&M Costs 1] 0 1,382 1,382 1,384 1,382 1,382 1,384
Induced Vehicular Losses 8,581 0 0 4] 0 0 0 0
Tota! Annual Cost 8,581 5,465 49,352 50,960 57,846 54,745 58,086 61,194
Base Year 1998 2006 2010 2010 2011 2011 2011 2011



AVERAGE ANNUAL COSTS

Table 10 - 3 displays the composition of the total first
cost estimates for each alternative, the present value cost
necessary to calculate average annual costs, and lastly,
the average annual cost associated with each cost item.
Annual costs include two items not previously discussed,
Permanent Deep-Draft Losses and Induced Vehicular Losses.
Permanent Deep-Draft Losses represent the reduction in
deep-draft service that would occur over the 50-year
project life, and applies to all 22-foot sill alternatives.
Induced Vehicular Losses represents the net loss to
vehicular traffic. This categorv applies only to the
Remove Bridge Curfew alternative.

All costs in table 10 - 3 represent 1996 price levels.
Annual costs were calculated using an interest rate of
7.375 percent, a 50-year project life, and an alternative
specific base year as indicated in the table.

BENEFIT PRICE LEVEIL: UPDATING
OVERVIEW

Price level updating must be emploved in order to represent
all benefit categories, some of which were originally
developed at varying price levels, in the same 1996 dollars
used for project costs. As detailed in previous sections
of this appendix, shallow-draft, deep-draft, and vehicular
benefits were initially computed in 1992, 19293, and 1992
prices, respectively. Navigation Losses Prevented from
Rehabilitation Closures were alsco initially computed in
1992 dollars since this benefit category is based on the
initial shallow-draft calculations. Savings to Federal
Projects, however, require no price level adjustment since
the benefit category is based on OM&R and extraordinary
maintenance costs which already reflect 1296 prices. The
following paragraphs detail the updating procedure used for
each category.

SHALLOW-DRAFT

IWR shallow-draft vessel operating costs were used as the
basis for updating the price level of the shallow-draft
benefits detailed in Section 7 of this appendix. As a
first step, FY 91 and FY 95 IWR costs for individual
towboat sizes and barge types were compared, and the
percent change for each piece of eguipment was calculated.
These results are displayed in table 10 - 4. As the table
indicates, towboat operating costs over the period showed
a decrease of approximately 4.9 percent to an increase of
8.3 percent. Barge costs over the same period showed a



IWR Shallow-Draft Vessel Operating Costs
{Total Hourly Cost)

Towboat Operating Cost

£9¢ -

Horsepower
1200 1400- 1600  1800-2000  2200- 2400 2800 - 3400 4000 - 4400 5000 - 6000 6100 - 7000 7100 - 8000 8100 - 9000 10,000
FY 1991, Int=8.75%  138.2 152.36 182.98 217.46 264.45 316.34 374.62 431.94 457.08 503.53 568.14
FY 1995, Int=7.75%  132.90 154.00 180.95 206.90 256.84 322.71 397.96 457.37 488.88 540.77 615.10
% Change -3.8% 1.1% -1.1% -4.9% -2.9% 2.0% 6.2% 5.9% 7.0% 7.4% 8.3%
Barge Operating Cost
Barge Type
Open Open Covered Tank db skin Tank db skin Tank db skin Tankdbskin ~ Tankdbskin  Tank db skin
Deck Deck Hopper Hopper Hopper without coils without coils without coils with coils with coils with coils
130x35 195x35 175%26 195x35 195x35 195x35 240x50 200x50 195x35 240x50 290x50
FY 1991, Int=8.75% 2.82 4.1 297 3.77 4.49 9.7 16.41 21.24 10.53 17.46 22.54
FY 1995, Int=7.75% 231 3.65 25 3.23 3.73 10.16 17.61 21.14 10.69 18.27 21.85

% Change -18.1% -11.2% -15.8% -14.3% -16.9% 4.7% 71.3% -0.5% 1.5% 4.6% -3.1%



decrease of approximately 18.1 percent to an increase of
7.3 percent.

In order to convert these ranges of wvalues to a single
value that could be used as an index value to be applied to
shallow-draft benefits, a typical tow was constructed for
each of the major commodity groups. Using the cost of each
typical tow, a weighted average tow cost for each year, FY
91 and FY 95, was calculated using tons of each commodity
as the weighting factor. The ratio of the FY 95 weighted
tow cost to the FY 91 weighted tow cost was used as the
index factor to convert from 1991 to 1995 prices. The
calculated index factor was 0.985 representing a 1.5
percent decrease over the four year period. As previously
indicated, shallow-draft benefits were calculated in 1992
prices, therefore, three yvears of price level updating was
required to reflect these benefits in 1995 prices. To
accomplish this, a straight line change was assumed for the
1991-1995 period, with a 1.125 percent decrease (1.5
percent times 3/4) therefore, representing the 1992-1995
period. As FY 95 IWR cost represented the latest available
data at the time of this writing, it was assumed for the
purpose of price level updating that the 1992-1995 change
was appropriate to reflect the 1992-1996 change.

DEEP-DRAFT

IWR deep-draft wvessel operating costs were used as the
basis for updating the price level of the deep-draft
benefits detailed in Section 8 of this appendix. FY 1993
and FY 1995 IWR operating costs were compared and the
percent change was calculated for each dwt class within the
vessel types demanding to use an IHNC Lock with no physical
constraints. As table 10 -~ 5 indicates, operating costs
over this period showed a decrease of approximately 7 to 28
percent for dry bulk vessels; an increase of approximately
8 percent to a decrease of 13 percent for general cargo
vessels and a decrease of approximately 2 to 17 percent for
container vessels. (It should be noted that IWR does not
report operating costs for general cargo vessels with a dwt
less than 11,000 tons even though there are general cargo
vessels of this size demanding to use the IHNC Lock. As a
result, a simple regression analysis was performed on the
reported cost information to calculate the approximate
operating costs associated with a dwt class of 3,000 tons
and a dwt class baving a range of 3,000 tons to 10,000
tons. }

A weighted average of FY 1993 and FY 1995 operating cost
was then developed for each of the three wvessel types
discussed above. The number of ships demanding a lockage
within each dwt class was used as the weighting factor. The



IWR Deep-Draht Vessel Oparating Costa
{Total At Sea Hourly Cost; DWT In Thousands)

Gost Cost Cost Cost Cost Total
Vessal Type: DWT Wat OWT Wgt DWT Wot DWT Wyt DWT Wgt Total # Wgted
Dry Bulk, Foreign Flag | 0-10  # Ships Cost 10-20 #Ships Cost 20-30 ¥ Ships Cost 30-40 # Ships Cost 40-50  # Ships Cost Ships Cost
FY 1993 $458 1 $1048 $508 4 $45.16 $557 16 $198.04 $606 20 $269.33 $656 4 $58.31 45 $581.02
FY 1995 $331 1 §7.36 $408 4 $38.27 $485 16 $172.44 $548 20 $243.56 $610 4 $54.18 45 $513.80
% Change -27.7% -19.7% -12.8% -9.6% 1% -11.6%
Cost Cost Cosl Total
Vessel Type: DWT Wwgt owTt wgt DWT Wgt Total# Wgted
General Cargo, ForelgnF| 3 # Ships Cost 3-10  #Ships Cost 10-20 # Ships Cost Ships  Cost
FY 1993 $308 110 $254.74 $3680 3 %857 $557 20 $33.76 $133 $347.07
FY 1995 $333 110 $275.41 $385 3 %868 $485 20 %7293 §133 $357.00
% Change 8.1% 1.3% -12.9% 2.9%
Cost Cost Cost Totat
Vessel Type: DWT Wt DWT Wgt DWT Wt Total# Wyted
Container, Foreign Flag | 10-20 # Ships Cost 20-30 & Ships Cost 30-40 # Ships Cost Ships  Cost
FY 1093 §778 24 %6583 $978 23 §702.04 $1.264 3 $133.52 28.4 $991.39
FY 1995 §648 24 $54.78 $951 23 $769.97 $1,235 3 $130.40 20.4 $955.16
% Change -16.8% -2.8% -2.3% A.7%
#0f %of % Change Wpoted Change
Vessel T Sh| Jotat  In Costs in Cost:
Dry Bulk 45 218% -11.6% -2.5%
General Camo 133 64.4% 29% 1.9%
Contalners 284 13.8% -3.7% 0.5%




ratio of the FY 1995 weighted cost to the FY 1993 weighted
cost was used as the index factor to convert from 1993 to
1995 prices for each of the vessel types. As table 10 - 5
shows, this resulted in a decrease in cost of approximately
12 percent for dry bulk wvessels; an increase in cost of
approximately three percent for general cargo vessels and
a decrease in cost of approximately four percent for
containers.

In order to convert these three index wvalues to a single
value that could be used as an overall index factor to be
applied to deep-draft benefits, a weighted average value
comprising all vessel types was developed using the total
number of unconstrained ship demand within each vessel type
as the weighting factor. This resulted in a 1.2 percent
decrease in deep-draft vessel operating cost from FY 1993
to FY 1995. As the FY 95 IWR costs represented the latest
available data at the time of this writing, it was assumed
for the purpcse of price level updating that the 1993-199%5
change was appropriate to reflect the 1993-1996 change.

VEHTICULAR

Vehicular benefits were calculated in 1992 prices. To
price level update these benefits to 1996 prices, a 11.0
percent increase in the Consumer Price Index for total
vehicular transportation during the period 1992 - 1996 was
used.

OTHER

As previously indicated, no price level adjustment is
required to represent the Savings to Federal Projects
benefit category in 1996 dollars. For the benefit
category, Navigation Losses Prevented from Rehabilitation
Closure, the appropriate price level adjustment is the same
as calculated for the shallow-draft benefit category.

SUMMARY OF BENEFITS

Table 10 - 6 displays the composition of total average
annual benefits (1996 price level) for each alternative.
Benefit estimates for each lock construction alternative
are also displayed for with and without the presence of
bridge operating curfews. Both shallow-draft and vehicular
benefits are sensitive to these curfews.

For a given lock construction alternative, total annual
benefits for the with bridge curfew condition are greater
than the without bridge curfew condition. This outcome
results from the fact that the positive effect of bridge
curfews on vehicular benefits exceeds the negative effect



Annual Baneflt Summary

(1996 $1,000, 7.975 Parcent}

Bridge
Only 900x00x22 900x110x22 200x110x36 1200x90x22 1200x110x22 1200x110x38
Remove w/o with wio with w/o with wio with wio with w/o wilh wio

Bridge Curlews _Curfews Curfews Curfaws Curfews Curlews Curlews Curlews Curlews Curlews Curlows Curfaws Curfews Curfaws

Shallow Draft 9,497 15,378 76,815 79,885 83,982 84,568 84,508 86,033 86,880 87,028 87,396 87,493 87,448 87,474

Doep Draft 0 0 0 0 Q 979 979 c 0 0 0 979 979

Vehicular 1) 5,595 5.814 9 5,909 2,219 5,899 1,941 6,048 4,560 6,577 6,061 6,563 5,847

Savings to Fed Projact 0 0 4,017 4,017 4,017 4,017 4,184 4,194 4,194 4,194 4,194 4,194 4,194 4,194
Malnt Closvre -

Nav Losses Prevented 4] 0 10,471 10,471 10,471 10,471 11,243 11,243 11,243 11,243 11,243 11,243 11,243 11,243

Total Annual Benelils 9,497 20,973 97,117 94,382 104,379 101,276 106,823 104,380 108,365 107,025 108,410 108,891 110,427 109,837

Base Year 1998 2008 2010 2010 2010 2010 201 2011 2011 2011 201 2011 2011 2011




of the curfews on shallow-draft benefits. However, the
magnitude of the with curfew advantage diminishes as the
scale of the alternative increases. The magnitude of the
with curfew advantage falls from approximately $2.7 million
for the 900 x 90 x 22 alternative to approximately $0.4
million for the 1200 x 110 x 22 alternative.

The with curfew advantage diminishes with project scale for
two reasons. First, the negative effect on shallow-draft
benefits is less significant with a larger capacity lock.
The larger the capacity, the more negligible the effect of
losing a fixed amount of processing time. For the 900 x 90
X 22 altermative, the loss of the shallow-draft processing
time associated with bridge curfews is more significant
than the loss of the same absolute amount of time from the
much larger capacity 1200 x 110 x 22 alternative.

Second, the positive effect on vehicular benefits is less
significant with a larger capacity lock. With curfews,
vehicular benefits don't wvary much as project scale
increases because the curfews limit bridge open time during
peak periods to roughly the same degree for all
alternatives. However, without curfews, vehicular benefits
increase with project scale. Without curfews bridge
openings are not restricted and bridge open time per ton
processed becomes less with an increase in project scale.

Annual shallow-draft, deep-draft and vehicular benefits
have already been discussed in detail in previous sections.
The two remaining benefit categories, Savings to Federal
Projects and Navigation Losses Prevented from
Rehabilitation Closures, require additional explanation.

The first of these two items, Savings to Federal projects,
refers to cost that would be avoided with project
implementation. For the lock construction alternatives,
the avoided costs would include the OM&R costs on the
existing lock and the existing lock extraordinary
maintenance costs that are part of the without-project
condition. Annual OM&R costs for the existing lock are
$1.6 million, and are claimed from vear 2010 or 2011,
depending on the alternative, to the end of the 50-year
project life. The starting vear represents the point when
the existing lock would be taken out of service and lock
demolition would begin.

The maintenance costs that would be avoided total $16.1
million and are scheduled over a four-year period beginning
in 1999 (the schedule is described in Section 6). In
calculating the annual wvalue of these two components of
Savings to Federal Projects, the expenditure streams
described above were discounted to the appropriate base



year for each alternative and annualized over a 50-year
period.

The second benefit category that reguires additional
explanation is Navigation Losses Prevented from Maintenance
Closures. These losses represent the cost to navigation of
a total of nine months of closure during the maintenance
phase of the existing lock. These costs would amount to
approximately $20.0 million per month and would occur
within the 19929-2002 period identified as the time frame
for the scheduled maintenance woxrk.

All benefits in table 10 - 6 represent 1996 price levels.
Annual benefits were calculated using an interest rate of
7.375 percent, a 50-year project life, and an alternative
specific base year as indicated in the table. It should be
noted in the previous sections of the appendix detailing
shallow-draft, deep-draft, and vehicular benefits, slightly
different average annual values are displayved. This is the
result of different price level, interest rate, and base
year assumptions.

ECONOMIC JUSTIFICATION

Table 10 - 7 summarizes the annual costs, annual benefits,
net benefits, and benefit-to-cost ratios (BCR) for each
alternative with and without bridge operating curfews. Net
benefits represent the difference between total annual
benefits and total annual costs. Maximum net benefits
define the NED plan.

Because all annual benefits and annual costs reflect the
base year (the first vyear of project operation) of the
alternative in question, it is necessary to account for the
fact that alternatives have different implementation dates
when identifying the alternative that generates the maximum
net benefits. To account for this effect of differing base
years, the net benefits of each alternative can be shifted
forward or backward, using present value technigques, such
that all alternatives reflect a common point in time. This
adjustment is reflected in table 10 - 7 by using the year
2010 as the common reference point. For NED identification
purposes, the result of this common reference adjustment is
that alternatives with a base year prior to 2010 show a
greater wvalue for net benefits than that associated with
its actual base year (net benefits are compounded), and
alternatives with a base year after 2010 show a lower value
for net benefits (net benefits are discounted). It should
be noted that the selection of a different common reference
point does not affect the relative standing of
alternatives, only the absolute amount of the net benefits
would be affected. Net benefits are maximized with the 900
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x 100 x 22 alternative with bridge operating curfews in
place ($53.4 million). This alternative also produces the
highest BCR among the lock construction alternatives (2.05
to 1). The Bridge Only alternative produces a higher BCR
(3.8 to 1), but it represents a significantly smaller scale
project. As a result, the net benefits of the Bridge Only
alternative ($20.6 million) are considerably lower than any
of the lock construction alternatives.



SECTION 11 - SENSITIVITY ANALYSIS
OVERVIEW

Given the nature and complexity of the benefit measurement
procedures, an unavoidable component of uncertainty is
implicit in the estimates of project benefits. A single
change to any number of parameter values or assumptions
holds the potential for sgignificantly affecting benefit
estimates, and ultimately, 1n turn, project formulation.
The role of sensitivity analysis is to identify those
parameters and assumptions with the greatest potential for
project formulation impact and to evaluate the magnitude of
those impacts for discrete changes in the key parameters.
The parameters identified as potentially significant, and
consequently incorporated into the sensitivity analysis,
include, shallow-draft traffic projections, deep-draft

traffic projections, the assumed timing of project
implementation, the discount rate, and alternative design
elevations for lock floor/sill construction. in the

following paragraphs of this section, the impacts on
project benefits and plan formulation resulting from
alternative parameter values and assumptions are presented.

ALTERNATIVE TRAFFIC GROWTH

SHALLOW-DRAFT
Low Growth Scenario

Projected shallow-draft traffic volumes and commodity group
growth rates reflecting the low growth scenario have been
destcribed earlier in Section 2. The zresult of
incorporating those projected traffic wvolumes into the
system modelling on IHNC Lock accommodated traffic, average
delay, percent of total demand accommodated, unaccommodated
traffic, and system benefits are detailed in tables 11 - 1
through 11 -~ 5, respectively.

Because of the lower overall system demand, traffic
processed at IHNC Lock is consistently lower for the low
growth scenario compared to the mid growth scenario. This
difference is most pronounced for the lock construction
scenarios where virtually all demand, for both the mid and
the low scenarios, 1s accommodated throughout the project
life. As a result, the difference between the mid and low
scenarios reflects the difference in the overall level of
projected traffic. However, for the without-project
condition, and to a lesser extent for the bridge
improvement plans, the accommodated traffic with the low



Table 11 -1

Low Growth Scanario
IHNC Lock Traffic Accomedated
(1,000 Tens)
Altemative 1930 2000 2010 2020 2030 2040 2060
Without Project 23,056 22,888 25,122 25,728 26,277 26,277 26,691
Remova! of Bridge Curfews 23,056 22,888 25,567 27,042 27,697 27,738 28,072
Replace St Claude Bridge 23,056 22,888 25,567 27,700 28,510 28,856 29,041
900 x90x 22 ft,
(With bridge curfows) 23,056 22,888 25 567 27,712 30,496 33,924 42,855
900 x90x22ft
(Without bridge curfews) 23,056 22,888 25,567 27,712 30,486 33,924 42,861
900 x 110 x 22 ft.
(With bridge curfews) 23,056 22,888 25,567 27,712 30,496 33,924 42,867
900 x 110 x 22 ft.
(Without bridge curfews) 23,058 22,888 25567 27,712 30,496 33,924 42,867
900 % 110x 36 1t
(With bridge curfews) 23,056 22,888 25,567 27,712 30,496 33,924 42867
200 x110x 36 1.
{Without bridge curfews) 23,056 22,888 25,567 27,712 30,496 33,924 42867
1200 x 90 x 22 ft.
(With bridge curfews) 23,056 22,888 25,567 27,712 30,496 33,924 42867
1200 x 90 x 22 ft.
{Without bridge curfaws) 23,056 2_2,838 25,567 27,712 30,496 33,924 42,867
1200x 110x 224t
(With bridge curfews) 23,056 22,888 25,567 27,712 30,496 33,924 42,867
1200 x 110x 22t
(Without bridge curfows) 23,056 22,888 25,567 27,712 30,496 33,924 42,867
1200x 110 x 36 ft.
(With bridge curfews) 23,056 22888 25,567 27,712 30,496 33,924 42,867
1200 x 110 x 36 ft.
(Without bridge curfews) 23,056 22888 25,567 27,712 30,496 33,924 42,867




Table 11 -2

Low Growth Scenaric
IHNG Lock Average Delays
By Altemative and Year
{Hours}
Condition 1930 2000 2010 _2020 2030 2040 2080
Without Project 104 10.0 20.8 28.2 40.7 40.7 €0.2
Remaoval of Bridge Curfews 6.3 6.0 12.3 24,0 39.2 40.7 60.2
Replace St, Claude Bridge 3.7 3.6 6.7 15.3 275 40.7 545
900 x 90 x 22 ft.
{With bridge curfews) 0.6 0.6 0.8 0.5 1.3 1.8 13.2
900 x 90 x 22 ft.
(Without bridge curfews) 0.4 0.4 0.4 0.5 0.7 1.0 45
900x 110x221t.
{With bridge curfews) 0.3 0.3 0.4 0.5 0.6 0.7 1.5
900x 110x 221t
(Without bridge curfews) 0.3 0.3 0.4 0.4 0.5 0.7 1.3
500 x 110x 36 it.
(With bridge curfews) 0.5 04 0.5 0.6 0.8 1.0 20
900 x 110x 361t
(Without bridge curfews) 0.3 0.3 0.4 0.4 0.5 0.6 1.3
1200 x 90 x 22 ft.
{With bridge curfews) 0.3 0.3 0.3 0.3 0.4 0.5 1.0
1200 x 90 x 22 ft.
(Without bridge curfews) 0.2 0.2 0.3 0.3 0.4 0.5 09
1200x110x 221t
(With bridge curfews) 0.2 0.2 0.2 0.3 03 04 06
1200 x 110x 22 ft.
(Without bridge curfews) 0.2 0.2 0.2 0.2 0.3 0.3 05
1200 x 110x 36 ft.
(With bridge curfews) 0.2 0.2 0.2 0.2 0.3 0.4 06
1200 x 110x 36 ft.
(Without bridge curfews) 0.2 0.2 0.2 0.2 0.3 0.3 0.6




Tablg 11-3
Low Growth Scenario
IHNC Lock Percent of Total Demand Accomodated

Altemnative 1890 2000 2010 2020 2030 2040 2080
Without Project 100 100 98.3 928 86.2 775 622
Removal of Bridge Curfows 100 100 100 9756 90.8 818 85.4
Replace St Claude Bridge 100 100 100 100 935 85.1 67.7
00 x 90 x22 1t

(With bridge curfews) 100 100 100 100 100 100 100
200 x 90 x 22 ft

(Without bridge curfews) 100 100 100 100 100 100

900 x 110 x 22 ft,

(With bridge curfews) 100 100 100 100 100 100

00 x 110x 221t

{Withou:t bridge curfews) 100 100 100 100 100 100 100
900 x 110x 361t

(With bridge curfews) 100 100 100 100 100 100 100
900 x 110 x 36 ft.

(Without bridge curfaws) 100 100 100 100 100 100 100
1200 x 90 x 22t

{With bridge curfews) 100 100 . 100 100 100 100 10
1200 x 90 x 22 ft.

(Without bridge curfews) 100 100 100 100 100 100 100
1200 x110x 224t

(With bridge curfews) 100 100 100 100 100 100 100
1200 x110x 22 ft

(Without bridge curfows) 100 100 100 100 100 100 100
1200 x 110x 36 ft.

(With bridge curfews) 100 100 100 100 100 100 100
1200x 110 x 361t

(Without bridge curfows) 100 100 100 100 100 100 100




Table 11-4

Low Growth Scenario
JHNG Lock Traffic Unaccomodated
{1,000 fons)
Altemnative 1990 2000 2010 2020 2030 2040 2060
Without Project 0 0 445 1,984 4,219 7,647 16,234
Removal of Bridge Curfews 0 0 0 670 2,780 6,186 14,853
Replace St. Claude Bridge 0 0 0 12 1,986 5,068 13884
900 x90 x 22 ft
{With bridge curfews) 0 0 0 0 0 0 70
200 x90x22ft
(Without bridge curfews) 0 0 0 0 0 0 84
900 x 110 x 22 ft.
(With bridge curfows) 0 0 0 0 0 0 58
Q00 % 110x 221t
{Without bridge curfews) 0 0 0 0 0 0 58
900 x110x36ft
{With bridge curfews) 0 0 0 0 0 0 58
900 x 110 % 36 ft.
(Without bridge curfews}) 0 0 0 0 0 0 58
1200 x 90 x 22 ft.
(With bridge curfews) 0 0 0 0 0 0 58
1200x 80 x 22 fr.
{Without bridge curfews) 0 0 0 0 0 0 58
1200x 110 x 221t
(With bridge curfews) 0 0 0 0 0 0 58
1200 x 110 x 22t
(Without bridge curfews) 0 0 0 0 0 0 58
1200 x 110 X 36 ft.
(With bridge curfews) 0 0 0 0 0 0 58
1200 x 110 x 36 1L
{Without bridge curfews) 0 0 0 0 0 o] 58

E - 276



Table11-5

Low Growth Scenario
Shallow-Drait
Tolal & Incremental Transportation Savings
{1982, $1,000)

Altemative 1890 2000 2010 2020 2030 2040 2060
Without Project 1,251,510 1,204,232 1,270,643 1,269,453 1,288,546 1,337,355 1,128,953
Removal of Bridge Curlaws 1,256,850 1,209,293 1,282,732 1,275,775 1,290,956 1,337,355 1,128,953

5,339 5,060 12,089 8,321 2,410 0 0
Replaca of Si. Claude Bridge 1,260,154 1,212,468 1,290,921 1,289,186 1,309,501 1,337,355 1,138,144

8,644 8,236 20,277 19,733 20,955 0 9,192
800 x 90 x 22 1. 1,264,184 1,216,371 1,299,459 1,312,508 1,354,392 1,409,445 1,216,871
{With bridge curfows) 12,674 12,139 28,815 43,052 65,846 72,089 87,918
S00x90x22 1. 1,264,544 1,216,726 1,299,969 1,312,417 1,355,401 1,411,144 1,237,450
(Without bridge curfews) 13,034 12,494 29,325 42,964 66,855 73,78% 108,497
200 x 110x 22 1. 1,264,558 1,216,738 1,300,011 1,312,502 1,355,587 1,411,600 1,244,580
{With bridge curfews) 13,048 12,506 29,367 43,049 67,041 74,244 115,627
200 x 110x 22 /. 1,264,596 1,216,775 1,300,064 1,312,573 1,355,689 1,411,761 1,245,187
(Withou! bridge curlews} 13,085 12,543 29,421 43,120 67,143 74,406 116,234
200 x 110x 36 . 1,264,418 1,216,600 1,289,823 1,312,265 1,355,269 1,411,148 1,243,403
(With bridge curfews) 12,908 12,368 29,180 42,811 66,723 73,782 114,450
800 x 110x 36 ft. 1,264,610 1,216,789 1,300,083 1,312,596 1,355,720 1,411,802 1,245,276
(Without bridge curfows) 13,100 12,557 29,439 43,143 67,173 74,447 115,323
1200 x90x 22 1. 1,264,909 1,216,857 1,300,175 1,312,715 1,355,882 1,412,040 1,245,963
{With bridge curfews) 13,399 12,625 29,532 43,262 67,336 74,685 117,010
1200 x 90 x 22 f1. 1,264,920 1,216,868 1,300,192 1,312,738 1,355,916 1,412,096 1,246,175
{Without bridge curfews) 13,410 12,636 29,549 43,284 67,370 74,740 117,222
1200 x110x 22 §1, 1,264,976 1,217,152 1,300,526 1,313,118 1,356,366 1,412,655 1,247,267
{With bridge curfews) 13,466 12,920 29,883 43,664 67,820 75,299 118,314
1200 x 110x 22 1. 1,264,998 1,217,174 1,300,555 1,313,155 1,356,416 1,412,724 1,247,430
{Without bridge curlews) 13,488 12,942 29,912 43,702 67,870 75,369 118,478
1200 x 110x 38 ft. 1,264,994 1,217,170 1,300,549 1,313,146 1,356,401 1,412,700 1,247,347
{Wilh bridge curlews) 13,484 12,938 29,905 43,692 67,855 75,345 118,395
1200 x 110 x 36 fl. 1,264,995 1,217,170 1,300,550 1,313,149 1,356,407 1,412,711 1,247,397
(Without bridge curlews) 13,484 12,938 29,907 43,695 67,861 75,356 118,444 |




scenario is significantly lower than the mid scenario only
during the early vyears of analysis. After a point, even
the lower traffic demand of the low growth scenario reaches
the level where demand is high relative to capacity and
traffic is diverted. In other words, the low growth
scenario is able to use up the available capacity, it just
takes longer than the mid growth scenario. This overall
condition is mirrored in the pattern of average delay. It
shows that the low growth average delay for the
without-project condition is significantly lower than the
mid growth average delay during the early vyears, but
approaches, and finally reaches, the mid growth average
delay in the later years.

Table 11 - 5 displays the shallow draft system benefits for
the low growth scenario. It reveals that for the lock
construction alternatives, low growth average annual
savings are approximately 60 percent of mid growth average
annual savings. The lower level of traffic demand
associated with the low growth scenario generates fewer
tons that can benefit from the lower delays that result
from additional lock capacity.

However, for the bridge replacement plan, low growth
scenario average annual savings are substantially higher
vis a via the mid growth scenario. In fact, the low growth
average annual savings actually slightly exceed the mid
growth annual savings. During the early project years, mid
growth savings exceed those of the low growth scenario as
more traffic idis accommodated due to a higher demand.
However, after the additional capacity that is provided by
the bridge replacement plan is utilized by the increased
demand, system savings are eroded to the point where the
savings attributable to the additionmal traffic 1is
completely offset by the increase in delay at IHNC and
other system locks. With the low growth scenario, the
slower rate of traffic increase means that the additional
capacity 1s not utilized as gquickly and savings are
generated for a longer time, albeit, at a lower absolute
level than with the mid growth. On an average annual
basis, the more steady stream of low growth scenario
savings is greater than the faster rising then declining
savings stream of the mid growth scenario.

High Growth Scenario

Projected shallow-draft traffic volumes and commodity group
growth rates reflecting the high growth scenario have also
been described earlier in Section 2. The zresult of
incorporating these preojected traffic wvolumes into the
system modelling on IHNC Lock accommodated traffic, average
delay, percent of teotal demand accommodated, unaccommodated



traffic, and system benefits are detailed in tables 11 - 6
through 11 - 10, respectively.

Because of the greater overall system demand, traffic
processed at IHNC Lock is consistently higher for the high
growth scenario compared to the mid growth scenario.
Unlike the mid growth scenaric where the lock construction
plans are able to process virtually all IHNC Lock demand,
the high growth scenario generates some minimal diversions
early in the project life and significant amounts late in
the project life. For the bridge improvement plans, this
pattern is magnified, with diversions occurring sooner and
in larger guantities wvis a vis the mid growth scenario.
The modest capacity increases provided by the bridge
improvement plans are rapidly consumed by the high growth
scenario traffic demand, using up the available capacity
more quickly than the mid growth scenario. This overall
condition is mirrored in the pattern of average delay. It
shows that the high growth average delay for the without-
project condition is significantly larger than the mid
growth average delay during the early years, but this
difference diminishes over time. For the lock improvement
plans there are only minor differences in average delay
until later in the period of analysis. In the early years
the percent of utilized capacity remains sufficiently low
even with the high growth scenario to generate
substantially different delays among alternatives. Much
later in the pericd of analysis, when traffic demand is
higher and capacity begins to be pushed for the smaller
lock improvement plans, differences in average delay
appear. For the bridge improvement plans, the increases in
average delay occur early in the period of analysis and
quickly approach the delays of the without project
condition.

No Growth After 20 Years

The "No Growth After 20 Years" scenario describes a
condition where traffic is projected using the mid growth
rates for only twenty yvears beyond the baseline traffic
year. Given the 1990 baseline vear, the terminal year of
projections, with this scenario, is 2010. Beyond 2010
traffic is held constant at the 2010 level. Because this
scenario represents a truncated mid growth projection,
traffic accommodated, average delays, unaccommodated
traffic, and system savings are identical to the mid growth
results for a specific year. However, the average annual
savings for each project alternative differ from the mid
growth scenario because traffic growth beyond 2010 is not
considered. Average annual savings for the "No Growth
After 20 Years" scenario are displayed in table 11 - 11.



Table 11-6

High Growth Scenario
IHNC Lock Traffic Accomodated
(1,000 Tons)
Altemative 1990 2000 2010 2020 2030 2040 2060
Without Project 23,056 26,277 26,600 26,600 26,691 26,706 27,149
Removal of Bridge Curfews 23,056 27,252 27,738 27,999 28,072 28,072 28,416
Replace St Claude Bridge 23,056 28,016 28,856 29,041 20,041 29,092 29,302
900 x 90 x 22 ft.
{With bridge curfews) 23,056 28,392 32,992 38,200 43,215 44,150 44,313
900 x 90 x 22 ft
(Without bridge curfews) 23,056 28,392 32,992 38,200 43,315 45868 45,996
900 x 110x 22 ft.
(With bridge curfews) 23,056 28,392 32,992 38,200 43315 50,696 56,295
900 x 110 x 22 ft.
(Without bridge curfews) 23,056 28,392 32,992 38,200 43315 50,699 58,680
900 x 110 x 36 ft.
(With bridge curfews) 23,056 28,392 32,992 38,200 43,315 50,696 56,077
900 x 110 x 36 ft.
(Without bridge curfews) 23,056 28,392 32,992 38,200 43315 50,699 58,510
1200 x 90 x 22 ft.
{With bridge curfews) 23,056 28,392 32992 38,200 .43315 50,699 60,677
1200 x S0 x 22 ft.
(Without bridge curfews) 23,056 28,392 32,992 38,200 43315 50,699 62,836
1200 %110 x 221,
(With bridge curfews) 23,056 28,392 32,992 38,200 43,315 50,699 69,076
1200 x 110 x 22 ft.
(Without bridge curfews) 23,056 28,392 32,992 38,200 43315 50,699 69,091
1200 x 110 x 36 ft.
(With bridge curfews) 23,056 28,392 32,892 38,200 43,315 50,699 69,076
1200x 110 x 36 ft,
{Without bridge curfews) 23,056 28,302 32,992 38,200 43,315 50,699 69,076




Table11-7

High Growth Scenario
IHNC Lock Average Delays
By Alternative and Year
{Hours)
Condition 1990 2000 2010 2020 2030 2040 2060
Without Project 104 40.7 545 545 60.2 61.2 123.3
Removal of Bridge Curfews 6.3 275 40.7 545 60.2 60.2 115.4
Replace St. Claude Bridge 3.7 18.6 40.7 54.5 545 60.2 103.3
200x90x221L
(With bridge curfews) 0.6 1.0 1.7 35 16.4 40.7 545
900 x 80 x 22 ft.
{Without bridge curfews) 0.4 0.6 0.9 1.7 5.2 382 54.5
900 x 110x 221,
{(With bridge curfews) 0.3 0.5 0.7 1.0 1.6 41 40.7
900 x 110 x 221
{(Without bridge curfews) 0.3 0.5 0.6 0.9 1.3 2.9 40.7
900 x 110 x 36 ft.
(Wih bridge curfews) 0.5 0.7 0.9 1.4 2.1 54 40.7
900 x 110x 36 &.
(Without bridge curfews) 0.3 0.4 0.6 0.9 1.3 29 40.7
1200 x 90 x 22 ft.
(With bridge curfews) 0.3 04 0.5 0.7 1.0 20 40"
1200 x 90 x 22 ft.
{Without bridge curfews) 0.2 0.3 0.5 0.6 0.9 17 35.4
1200x 110x 21t
(With bridge curfews) 0.2 0.3 0.4 0.5 0.6 1.0 6.9
1200x 110x 22 ft. ) .
(Without bridge curfews) 0.2 0.3 0.3 0.4 0.6 0.9 44
1200x 110x 36 1t.
(With bridge curfews) 0.2 0.3 0.3 0.4 0.6 0.9 8.6
1200 x 110 x 36 ft.
{(Without bridge curfaws) 0.2 0.3 0.3 0.4 0.6 0.9 5.0




IHNC Lock Percent of Total Demand Accomodated

Table 11-8
High Growth Scenario

Altemative 1890 2000 2010 2020 2030 2040 2060

Without Project 100 92.6 80.6 69.5 595 50.3 35.0

Removal of Bridge Curfews 100 96.0 84.1 732 62.6 529 36.6

Replace St. Claude Bridge 100 98.7 875 75.9 64.8 54.8 37.8

900 x 90 x 22 ft.

(With bridge curfews) 100 100 100 99.8 96.4 832 57.1

900 x 90 x 22 ft.

(Without bridge curfews) 100 100 100 998 96.6 86.4 50.3

900 x 110 x 22 ft.

(With bridge curfews) 100 100 100 998 9.6 955 726

900 x 110 x 22 ft.

(Without bridge curfews) 100 100 100 99.8 966 955 75.6

900 x 110 x 36 ft.

(With bridge curfews) 100 100 100 99.8 6.6 95.5 723

900 x 110 x 36 ft.

(Without bridge curfews) 100 100 100 998 96.6 95.5 75.4

1200 x 90 x 22 ft.

(With bridge curfews) 100 100 100 99.8 96.6 955 78.2

1200 x 90 x 22 ft.

(Without bridge curfews) 100 100 100 99.8 96.6 95.5 81.0

1200 x 110x 221

{With bridge curfows) 100 100 100 99.8 9.6 955 89.0

1200 x 110 x 22 fL

(Without bridge curfews) 100 100 100 99.8 96.6 955 89.1

1200 x 110 x 36 ft.

(With bridge curfews) 100 100 100 9.8 96.6 95.5 89.0

1200 x 110 x 36 fit.

(Without bridge curfews) 100 100 100 998 96.6 95.5 89.0
E — 282



Table 11-9

High Growth Scenatio
IHNC Lock Traffic Unaccomodated
{1,000 tons)
Altemnative 1980 2000 2010 2020 2030 2040 2060
Without Project 0 2,115 6,392 11,665 18,135 26,383 50,425
Removal of Bridge Curfews 0 1,140 5,254 10,266 16,754 25017 49,158
Replace St. Claude Bridge 0 376 4,136 9,224 15,785 23,997 48,272
900 x 90 x 22 ft.
(With bridge curfews) 0 0 0 65 1611 8,939 33,261
900 x 80 x22 1t
{Without bridge curfews) 0 0 0 65 1,511 7.221 31,578
900 x 110 x 22 ft.
(With bridge curfews) 0 0 0 65 1,511 2,393 21,279
200 x110x 22 ft.
{Without bridge curfews) 0 0 0 65 1,511 2,390 18,894
900 x 110 x 36 ft.
(With bridge curfews) 0 0 0 65 1,51 2,393 21,497
900 x 110 x 36 ft.
(Without bridge curfews) 0 65 1,511 2,390 19,064
I200x90x22 1t
{With bridge curfews) 0 0 0 65 1511 2,390 16,897
1200 x 90 x 22 ft.
{Without bridge curfews) 0 4] 0 65 1,511 2,390 14,738
1200 x 110x 221,
{With bridge curfews) 0 0 0 65 1,511 2,320 8,498
1200 x 110x 22 ft.
(Without bridge curfews) 0 0 0 85 1,511 2,390 8,483
1200x 110 x 36 ft
(With bridge curfews) 0 0 0 65 1,511 2,3%0 8,498
1200 x 110 x 36 ft.
(Without bridge curfews) 0 0 0 85 1,511 2,390 8,498




Table 11- 10

High Growth Scenario
Shallow Draft
Total & Incremental Transportation Savings
{1292, $1,000)

Alternative 1990 2000 2010 2020 2030 2040 2060
Without Project 1,251,510 1,345,946 1,318,124 1,278,015 1,158,490 1,284,706 1,154,217
FAemoval of Bridge Curfows 1,256,850 1,365,707 1,339,314 1,278,015 1,158,480 1,296,323 1,162,319

5,339 19,761 21,190 0 0 1,617 8,102
Replaca of St. Claude Bridge 1,260,154 1,379,611 1,339,314 1,278,015 1,165,753 1,296,323 1,177,515

8,644 33,665 21,190 0 7,263 1,617 23,299
900 x S0 x 22 ft. 1,264,184 1,407,694 1..409.846 1,327,869 1,248,771 1,333,789 1,272,469
{With bridge curfows) 12,674 61,748 91,722 49,855 0,281 39,083 118,253
900 x 90 x 22 ft. 1,264,544 1,408,441 1,411,312 1,331,745 1,276,165 1,340,368 1,272,469
{Without bridge curfews) 13,034 62,495 93,188 53,730 117,675 45,662 118,253
S00x 1tox 221t 1,264,558 1,408,544 1,411,670 1,333,189 1,285,054 1,386,432 1,311,513
(With bridge curfews) 13,048 62,598 93,546 55,174 126,565 91,727 157,296
900 x 110 x 22 ft. 1,264,596 1,408,621 1,411,812 1,333,484 1,285,714 1,389,872 1,311,513
{Without bridge curfews) 13,085 62,675 93,688 55,469 127,224 95,166 157,296
00X 110 x 351t 1,264,418 1,408,290 1,411,258 1,332,479 1,283,807 1,382,707 1,311,513
(With bridge curfews) 12,908 62,344 93,135 54,464 125,317 88,002 157,296
900 x 10X 361t 1,264,610 1,408,646 1,411,850 1,333,545 1,285,806 1,390,019 1,311,513
(Without bridge curfews) 13,100 62,700 93,726 55,530 127,317 95,313 157,296
1200 x 90 x 22 ft. 1,264,909 1,409,057 14,123,948 1,334,317 1,286,972 1,392,898 1,311,487
{With bridge curfews) 13,399 63,111 12,805,824 56,302 128,482 98,292 157,271
1200 x 90-x 22 ft. 1,264,920 1,409,082 1,412,443 1,334,421 1,287,202 1,393,921 1,331,077
{Without bridge curfews) 13,410 63,136 94,320 56,406 128,712 99,215 176,860
1200 x 110 x 22 fi. 1,264,976 1,409,194 1,412,640 1,334,794 1,287,908 1,395,980 1,440,519
(wWith bridge curtews) 13,466 63,248 94,516 56,779 129,418 101,274 286,303
1200 x 110 x 22 ft. 1,264,998 1,409,234 14,127,033 1,334,899 1,288,080 1,396,347 1,450,402
{Without bridge curfews) 13,488 63,287 12,808,909 56,884 129,590 101,641 206,185
1200 x 110 x 36 ft, 1,264,994 1,409,223 1,412,682 1,334,855 1,287,991 1,396,095 1,433,734
{With bridge curfows} 13,484 63,277 94,558 56,840 129,501 101,389 279,517
1200 x 110 x 36 ft. 1,264,995 1,409,227 1,412,692 1,334,879 1,288,044 1,396,265 - 1,448,058

(Without bridge curfews) 13,484 63,281 94,568 56,864 129,555 101,560 293,841
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Comparlson of A-\v_;ﬁ_ge Aﬁr;ual Shallow Dratt Savings
by Traffic Growth Scenarlo
(1996 $1,000, 7.375 Percent)

Percent Advantage VS
Average Annual Savings Mid Growth
No Growth  South Amerlcan ’ No Growth  South Amerlean
Alternative Mid Low High After 20 Yrs Coal Mid Low High After 20 Yrs Coal
Removal of Bridge Curfows 9,497 6,967 14,444 8,055 0 -27 52 -15 -
Replace of St Claude Bridge 15,378 18,016 13,164 21,615 0 17 -14 41 -
900 x90x 22 76,815 48,381 73,263 66,427 73,297 -37 -5 -14 -5
{With Bridge Curfows)
900 x 90 x 22 79,885 49,591 80,896 67,365 - 0 -38 1 -16 -
(Without Bridge Curfews)
900 x 110 x 22 83,885 49,964 89,625 67,522 78,319 1} -40 ] -20 -7
{With Bridge Curfews)
900 x 110 x 22 84,569 50,065 90,283 67,619 - 0 -41 7 -20 -
{Wlthout Bridge Curfews)
900 x 110 x 36 84,508 51,312 88,222 67,219 - 0 -39 4 -20 -
[with Bridge Curfews)
900 x 110 X 36 86,033 51,754 80,072 67,647 - 0 -40 5 -21 -
{Without Bridge Curfews)
1200 x 90 x 22 86,880 51,914 91,110 68,108 - Q -40 5 -22 -
(With Bridge Curfews)
1200 x 90 x 22 87,028 51,949 92,082 68,138 - 0 -40 6 -22 -
{Without Bridge Curfews}
1200 x 110 x 22 87,396 52,389 986,923 68,276 - 0 -40 11 -22
(With Bridge Curfews)
1200x110x 22 87.493 52,436 97,444 68,323 - 0] -40 1 -22
{Without Bridge Curfews)
1200 x 110 x 36 87,448 52,421 96,725 68,309 - 0 -40 1 -22
{With Bridge Curfews)
1200 x 110 x 36 87,474 52,427 96,931 68,315 - 0 -40 1 -22

(Without Bridge Curfews)




South American Ceoal Imports Scenario

This scenario reflects the recent partial shift of one
utility to low sulphur South American coal imports as a
response to the Clean Air Act requirements. This switch,
which was initiated in mid 1993, is expected to remain in
effect as an extended trial for the next several years. In
order to address the sensitivity of this switch as a
potential long term outcome, the total coal volume shipped
through TIHNC Lock to this utility was assumed to be
eliminated for the entire period of analysis. This traffic
amounted to approximately 1.1 million tons in the 1990
bageline traffic. With this traffic eliminated, all other
traffic was projected using the mid growth scenario rates.

Using the modified traffic volumes described above, system
savings were calculated over the period of analysis for two
lock construction alternatives, 900 x 110 x 22 ft lock with
curfews, and 9200 x 90 x 22 ft lock with curfews. These two
sizes were selected because they represent the NED Plan and
the next smallest increment, respectively. For all of the
lock construction plans, reductions in traffic of this
magnitude will consistently result in lower average annual

savings. Therefore, to evaluate project formulation
impacts, it was not necessary to consider alternatives
larger in scope than the NED Plan. However, it was

necessary to consider plan{(s) of lesser gcale. The average
annual savings for the two alternatives described above are
displayed in table 11 - 11. As the table shows, the
reductions in average annual shallow-draft savings are five
and seven percent, respectively, for the 900 x 90 x 22 ft
and 900 x 110 x ft locks.

Comparison Summary

Table 11 - 11 provides a summary of the average annual
shallow-draft savings by project alternative for each of
the traffic growth scenarios.

DEEP-DRAFT
Low Growth Scenario

As described previously in Section 2, the low growth
scenario for deep-draft traffic reflects no change in
traffic activity from the baseline 1990 vwvolumes.
Therefore, the unconstrained total demand, lockages, and
savings for all future vyears are identical to those
described for the 1990 condition for each respective
alternative.



High Growth Scenario

Projected deep-draft growth rates reflecting the high
growth scenario have also been described earlier in Section
2. The resultant number of projected lockages and the
associated savings from use of these high growth rates are
detailed in tables 11 - 12 and 11 - 13, respectively.

No Growth after 20 Years

As was described earlier, the "No Growth After 20 Years"
scenario reflects a condition where traffic is projected
using the mid growth rates for only twenty years beyond the
baseline traffic vear. Given the 1990 baseline year, the
terminal vear of projections is 2010 for this alternative.
Beyond 2010, traffic is held constant at the 2010 level.
Because this scenario represents a truncated mid growth
projection, demand, lockages, and savings are identical to
the mid growth results for a specific year. However, the
average annual savings for each project alternative differ
from the mid growth scenario because traffic changes beyond
2010 are not considered. Average annual savings for the
"No Growth After 20 Years" scenario are displayed in table
11 - 14.

Comparison Summary

Table 11 - 14 provides a summary of the average annual
deep-draft savings by project alternative for each of the
traffic growth scenarios.

For each of the 22-foot sill alternatives, the low growth
scenario results in a smaller negative wvalue, i.e., a
smaller loss, than the mid growth scenario. This follows
from the fact that the 22-foot sill alternatives provide a
lesser level of deep-draft service than the existing lock.
Therefore, with lower future demand, the low growth
scenario results in a smaller loss for these alternatives
compared to mid growth. This result does not hold for the
36-foot sill alternatives, however. For these
alternatives, a lower level of demand produces a smaller
savings compared to the mid growth since deep-draft service
is enhanced with the 36-foot alternatives.

wWith the high growth scenario, the 22-foot gill
alternatives produce a substantially greater loss than with
the mid growth scenario. This occurs because of higher
demand and the lower level of deep-draft service compared
to the existing lock. For the 36-foot sill alternatives,
the higher demand of the high growth scenario produces
gignificantly higher savings than the mid growth scenario.



Table 11-12

High Growth Scenario
Total Deep Draft Lockages
Alternative 2000 2010 2020 2030 2040 2060
Existing Intra 169.1 240.9 343.0 488.6 6959 14117
Thru 20.6 29.4 41.8 59.6 84.9 172.2
Total 189.7 270.3 384.8 548.2 780.8 11,5839
200x 90 x 22 Intra 136.5 194.5 277.0 394.5 5619 1,139.9
Thru 20.6 294 41.8 59.6 84.9 172.2
Total 157.1 2239 318.8 454.1 646.8 1,3121
900 x 110 x 22 Intra 136.5 1945 277.0 394.5 8619 1,139.9
Thru 20.6 29.4 41.8 59.6 84.9 1722
Total 157.1 223.9 318.8 454.1 646.8 1,3121
900x110x 36 Intra 2241 319.2 454.6 647.4 9222 1,870.8
Thru 59.6 85.0 121.0 172.4 245.6 498.1
Total 283.7 404.2 575.6 819.8 1,167.8 2,368.9
1200 x90x 22 Intra 136.5 194.5 277.0 394.5 561.9 1,139.9
Thru 20.6 294 41.8 59.6 84.9 1722
Total 157.1 223.9 318.8 454.1 646.8 1,312.1
1200 x110x22  Intra 1365 194.5 277.0 394.5 5619 1,139.9
Thru 20.6 294 41.8 59.6 84.9 172.2
Total 157.1 223.9 318.8 454.1 646.8 1,312.1
1200 x110x36  Intra 2241 319.2 454.6 647.4 9222 1,870.8
Thru 59.6 85.0 121.0 172.4 245.6 498.1
Total 283.7 404.2 575.6 819.8 1,167.8 2,368.9

E - 288



Table 11 - 13

Deep Draft Benefits
High Growth Scenario
($1,000's - 1993 Price Levels)

Alternative 1991 2000 2010 2020 2030 2040 2060
Existing Intra 931 1,280 1,822 2596 3,697 5266 10,682
Thru 11 15 21 30 42 60 . 122
Total 942 1,295 1,843 2626 3,739 5326 10,804
900 x 90 x 22 intra 669 920 1,311 1,867 2659 3,787 7,683
Thru 11 15 21 30 42 60 122
Total 680 935 1,332 1,897 2,701 3,847 7,805
Incremental (262)  (360) (511) (729) (1,038) (1,479) (2,999)
900 x 110 x 22 Intra 669 920 1,311 1,867 2659 3,787 7,683 ‘
Thru 11 15 21 30 42 60 122
Total 680 935 1,332 1,897 2,701 3,847 7,805
Incremental (262)  (360) (511)  (729) (1,038) (1,479) (2,999)
900 x 110 x 36 Intra 1,413 1942 2766 3,940 5611 7,992 16,213
Thru 55 75 107 153 218 310 629
Total 1,468 2,017 2,873 4,093 5829 8,302 16,842
Incremental 526 722 1,030 1,467 2090 2976 6,0
1200 x 90 x 22 Intra 669 920 1,311 1,867 2659 3,787 7,683
Thru 11 . 15 21 30 42 60 122
Total 680 935 1,332 1,897 2,701 3,847 7,805
Incremental (262) (360) (511) (729) (1,038) (1,479) (2,999)
1200 x 110x 22 Intra 669 920 1,311 1,867 2659 3,787 7,683
Thru 11 186 21 30 42 60 122
Total 680 935 1,332 1,897 2,701 3,847 7,805
Incremental (e62)  (360) (511) (729) (1,088) (1,479) (2,999)
1200x 110x 36 Intra 1,413 1,942 2,766 3,940 5611 7,992 16,213
Thru 55 75 107 153 218 310 629
Total 1,468 2,017 2873 4,093 5829 8302 16,842

Incremental 526 722 1,030 1,467 2,090 2976 6,038

E - 289



Table 11 - 14

Comparison of Deep-Draft Incremental Benefits
(1998, $1,000, 7.375%)

Average Annual Benstits Percent Advantage vs Mid Growth
No Growth No Growth
Allernative Mid Low High After20Y¥re Md  low High After 20 Yre
900 x 90 x 22 (477) (268) (892) (375) 0 45 (82) 23
900x 110 x 22 (477) (268) (892) (375) 0 45 (82) 23
900 x 110 x 36 979 539 1,862 757 0 (45) 91 (22)
1200 x 90 x 22 (486) (268) (925) (375) 0 45 91) 23
1200x 110 x 22 (486) (268) (925) (375) 0 45 (91) 23
1200 x 110 x 36 979 539 1,862 757 0 (45) 91 (22)

E = 290



Compared to the mid growth scenario, the "No Growth After
20 Years" scenario, produces smaller losses for the 22-
foot sill alternatives and smaller savings for the 36-
foot sill altermatives. As before, the amount of savings
compared to the mid growth scenario depends on the
relative magnitudes of demand and deep-draft service
provided.

PRCJECT FORMULATION

To explore the implications of alternative traffic growth
rate assumptions on project formulation, the average annual
net benefits for each alternative plan were determined
using the low and high growth scenarios previocusly

described. The results of these low and high growth
scenarios are displayed in table 11 - 15 and table 11 - 16,
respectively. Table 11 - 17 provides the same information

for the "No Growth After 20 Years" scenario.

Comparing the results of the alternative growth scenarios
with the results of the mid growth scenario reveals that
the NED plan 1s sensitive to traffic growth projections.
As is shown in table 11 - 15, with the low growth scenario,
the NED plan nearly shifts to the next smallest scale
alternative, the 900 x 90 x 22 ft lock. The high growth
scenario in table 11 - 16 reveals no change in the NED plan
(900 x 110 x 22 ft lock) as compared to the mid growth
projections. There are higher annual benefits associated
with the larger alternative lock sizes when high growth is
assumed, but not by enough to change the NED plan. Table
11 - 17 reveals that the "No Growth After 20 Years®
scenario results in a 200 x 90 x 22 ft lock NED plan.

Tables 11 - 15 through 11 - 17 also reveal that despite the
variation in savings associated with the different growth
scenarios, all the with-project plans would be
economically Jjustified 1in the low and high growth
scenarios. In the "No Growth After 20 Years" scenario, only
the bridge curfew removal alternative would be economically
unjustified.

TIMING
PHASED CONSTRUCTION

Reviewing table 7 - 4, which displays projected average
delay per tow estimates for the alternative plans, reveals
that if the existing low-rise St. Claude Avenue Bridge is
replaced with a mid-rise structure, while keeping the
existing lock in place, short term reductions in average
delays per tow compared to the without-project condition
would result. This in turn would produce short term
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Table 11 -17

Mo Growth After 2010

Alternative Sum|

(1998 $1,000, 7.375 Percent)

Annual Censtruction Costs
Annual Mitigation Cosls

Annual Nav Losses

Annual Permanent DD Losses

Annual O&M Cosls

Induced Vehicular Losses

Total Annual Cost

Annual 5.0, Benefits
Annual D.D. Benefits

Annual Vehicular Benefits

Annual Savings 1o Fed Pro}

Annual Maint Closura -
Nav Lossos Proveniod

Tolal Annual Banefils

Net Benelits

BCR

Base Year

Net Benefits Ad].
o 2010

Bridge
‘ Only 900x90x22 900x110x22 900x110x36 1200x90x22 1200x110x22 1200x110x36
Remove wio with wio with wio with wio with wio with w/o wilh w/o

B _cufew curlew  curiaw curfew  curfow curfew  curfew curfew  curfow curfew  curlew cudéw  curfew
0 3,764 43,347 43,347 44054 44,954 52,101 52,101 48516 48516 51,857 51,857 55,449 55,449

x 1,701 3,939 3,939 3939 3,939 4,150 4,150 4,150 4,150 4,150 4,150 4,150 4,150

[1] 208 208 208 208 21 21 211 211 211 211 21 21

0 a7s 375 375 375 0 0 375 375 375 375 0 0

E (1] 1,382 1,382 1,382 1,382 1,384 1,384 1,382 1,382 1,382 1,382 1,384 1,384
8,478 0 0 0 0 0 0 0 (] 0 0 0 0 0
3,47L 5,465 49250 49,250 50,858 50,858 57,846 57,846 54,634 54,634 57975 57975 61,194 61,194

| .

8.0 21815 88,427 67,365 67,622 67519 87,219 67647 668,108 68,138 68,276 68,323 68,308 68315
/] 1} 0 0 0 757 757 0 [} [1] 0 ¥i-1s 757

5573 5811 1.478 heg2 3387 5,883 3,230 6,924 5690 7.130 6,963 AL 6,944

L] 4,017 4017 4,017 4,017 4,194 4,184 4,194 4194 4,194 4,134 4,194 4,194

_|_L [1] i 10471 10471 10471 10471 11243 11,243 11,243 11,243 11,243 11,243 11,243 11,243
8.9 27,188 86,726 83,331 87,902 B54M4 89,29¢ B7,071 89,669 89,265 90,843 90,723 91614 91,453
{474) 21,723 37,476 34,081 37,044 34636 31,450 29,225 35,035 34,631 32,868 32,748 30,420 30,259
O.bS 4.98 1.76 1.69 1.73 1.68 1.54 1.51 1.64 163 1.57 1.56 1.50 1.49
1,945 2006 2010 2010 2010 2010 2011 2011 2011 2011 2011 2011 2011 2011
28876 ar476 34,081 37,044 54,636 29,280 27,218 32629 52252 30,610 30,499 28,330 28,180




increases in shallow-draft navigation benefits {shown in
table 7 - 10). However, because 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 guestion 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 vyear, 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, Dbenefits
associated with avoiding the losses assoclated with
rehabilitation closures are also not relevant because the
rehabilitation work will be regquired 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



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 vyear 1in which the net
transportation cost savings of a particular 1lock 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 1lock size was
determined to be a 900 x 110 x 22 ft lock, operational by
the vear 2011 (only 1 year later 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 = 110 x 22 ft replacement lock 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 1is
scheduled to be in place and fully operational by the vyear
2007, hence this becomes the base year and assuming a 50
vear 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 8t. Claude
Avenue Bridge while keeping the existing lock in place.
From 2011 to 2056, with the new lock in place, shallow-



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.



Table 11 -19

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.

E - 298



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, wvehicle 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 is operating.
Vehicle benefits, representing the difference 1in total
vehicle c¢ost 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 vear 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 1in 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 vyear (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
yvear 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
vears 2011 to 2056 and discounted back to the base vear.
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



when the existing lock 1is taken out of service, is
scheduled to occur during the last two vears of
constructing the replacement lock in the years 2009 and
2010, Like the previous estimates, these were also
digcounted back to the base vear. 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. 2as
such, Dboth were c¢laimed as benefits in the non-phased
replacement plan. However, in the phased approach, even
though construction of the replacement lock 1is scheduled
only one year 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
avolded 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 1if
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 i1s 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



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 42777
Annual S.D. Benefits 83,982 69,314
Annual D.D. Bensfits 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. I _7_

to 2010 53,419 41,266

* 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 2011.



Table 11 - 21

Benefit - Cost Summary
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 Benelits adj. . L

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 operaticnal in 2032.



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 TIMPLEMENTATION

In order to consider 1if 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 vyears 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. 2Alsc, by delaying
implementation, project expenditures would be delaved.
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 wvalue 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, tabkle 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 vear
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 displayved) of delaying project
implementation by 10 years was to generate an even more
inferior position than that of the five year delay.

INTEREST RATES




Table 11-22

Non - Phased
Optimal Timing of Alternative With Project Scenarios
(1996 prices, $1,000's, 7.375 Percent)

Average Annual Average Annual
With-Project Original Average Annual Net Benefits Base Year . Average Annual Net Benefits
Alternative Base Year Net Benefits {Adjusted to 2010) Increased by 5 years  Net Benefits {Adjusted to 2010)
Remove Bridge Curfews 1998 916 2,151 2003 (1,294) (2,129)
Replace Bridge Only 2006 15,508 20,614 2011 12,249 11,408
900 x 90 x 22 2010 47,765 47,765 2015 55,240 38,702
900 x 110x 22 2010 53,419 53,419 2015 64,533 44,691
900 x 110 x 36 2011 48,977 45,613 2016 59,730 38,974
1200x 90 x 22 2011 53,620 49,937 2016 65,122 42,492
1200 x 110 x 22 2011 51,324 47,799 2016 62,856 41,014
1200x 110 x 36 2011 49,233 45,851 2016 60,931 39,758




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.

Takle 11 - 23 shows that an interest rate of 2,625 percent
caused significant impacts with zregards to NED plan
determination. Lowering the interest rate resulted in the
current NED plan (9200 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 vyear 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 Dbecause it 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 consegquences 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 ecconomic 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 in processing time. It 1is 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.



Table 11 -26

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

(1996 $1,000, 7.375 Percent)

900x 110 x 18 900 x 110 x 22 900 x 110 x 25
Total Annuai Benefits 102,267 104,379 104,549
Toftal 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

E - 310






ATTACHMENT 1
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATICN CANAL STUDY

SUMMARY OF CHARGES
REF COMMODITY TONS WATER ALTWATER  LAND ALT LAND
{1 CORN 1,348 14.65 16.66 34.94
2 CORN 1,624 19.56 20.53 50.09
3 CORN 7,211 19.56 20.64 37.56
4 CORN 3,220 14.41 15.38 21.44
5 CORN 13,695 23.93 36.63
6 CORN 13,953 17.16 17.98 37.90
7 CORN 5,922 17.77 18.57 26.02
8 CORN 4,660 18.91 19.55 29.22
9 OATS 1,488 17.48 29.37
10 OATS 2,855 17.68 25.70
11 OATS 1,485 17.68 26.63
12 RICE 67,885 12.53 20.50 23.96
13 RICE 16,968 18.28 26.58
14 RICE 17,679 20.10 26.73
15 RICE 12,164 18.20 26.99
16 RICE 1,495 21.31 31.57
17 RICE 6,646 19.69 30.63
18 RICE 11,047 19.67 30.63
19 RICE 2,880 11.50 28.37 32.28
20 RICE 11,433 18.28 24.54
21 SORGHUM GRAINS . 18,695 6.28 11.80 14.47
22 SORGHUM GRAINS 9,538 7.38 14.28 19.10
23 WHEAT 1,110 7.66 12.56 17.03
24 WHEAT 16,192 12.69 17.62 19.74
25 WHEAT 10,225 12.69 18.54 2234
26 WHEAT . 2,038 11.87° 12.92 1836 - £
27 WHEAT - 17,736 10.62 ' 16.27 16.&7
28 WHEAT 4,568 14.51 16.68 42,99
29 WHEAT 1,441 15.44 16.28 24.18
30 WHEAT 2,820 7.09 . 13.50
31 WHEAT 5,171 9.08 17.66
32 WHEAT 6,853 11.06 16.54
33 WHEAT 6,273 17.45 16.72 25.14
34 SOYBEANS 1,057 15.91 25,15
35 SOYBEANS 1,509 14.95 22.29 25.20
36 SOYBEANS 10,745 11.20 12.33 18.15
37 SOYBEANS 24,830 12.28 11.11 16.16
38 SOYBEANS 28,540 13.45 14.34 14.51
39 SOYBEANS 3,278 8.90 15.86 18.64
40 SOYBEANS 1,731 13.88 18.13
41 SOYBEANS 3,157 16.88 18.48 37.20
42 TALLOW 1,591 13.85 38.25
43 TALLOW 10,139 22.78 62.74
44 PREPARED ANIMAL FEEDS 5,101 9.42 16.83 25.83

ATCH- 1



ATTACHMENT 1

TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

REF

SUMMARY OF CHARGES
COMMODITY TONS WATER ALTWATER LAND  ALTLAND
PREPARED ANIMAL FEEDS 1,200 8.53 13.39 22.30
GRAIN MILL PRODUCTS 7,810 11.91 11.95 16.60
GRAIN MILL PRODUCTS 17,214 12.81 15.51
SUGAR , 17,285 5.48 13.96 26.96
SUGAR 1,120 6.35 13.60 44.85
SUGAR 47,666 15.83 19.46 30.01
SUGAR 20,300 4.91 12.40 22.44
SUGAR 9,912 8.68 52.22
SUGAR 29,334 11.33 17.00 19.29
SUGAR 4,355 11.33 17.00 41.30
SUGAR 9,156 26.59 46.47
SUGAR 89,650 26.59 46.47
MOLASSES 4,273 13.98 23.39
MOLASSES 9,368 9.07 22.03 30.39
VEGETABLE OILS 3,093 14.15 39.05
VEGETABLE OILS 3,260 12,10 36.50
MISC FOOD PRODUCTS 15,390 7.22 10.19 16.08-
IRON ORE 4,201 24.16 24.83 44.67
IRON ORE 10,767 20.02 51.88
IRON ORE 9,464 10.07 17.08 17.49
BAUXITE 13,132 15.75 25.57
MANGANESE ORES 3,453 10.48 33.51
NONFERROUS METAL ORES 5,541 9.50 30.26
NONFERROUS METAL ORES 16,143 13.09 14.53 29.92
NONFERROUS METAL ORES 13,424 10.56 : 15.28 18.92
PIG IRON . 1,555  10.94 . - 8125 \
PIG IRON 1,707 11.36 28.27 '
PIG IRON 2,994 12.83 44.03
PIG IRON 3,104 18.69 42.95
SLAG 3,050 18.92 42.50
SLAG 11,400 8.73 25.22
SLAG 9,306 16.50 28.55
SLAG 12,232 17.21 33.43
SLAG 10,634 10.97 11.36 21.83
SLAG 9,263 12.11 32.28
SLAG 9,446 12.52 29.10
IRON & STEEL INGOTS 7,518 20.83 40.07
IRON & STEEL INGOTS 10,289 26.08 35.84
IRON & STEEL INGOTS 1,242 24.00 57.90
IRON & STEEL INGOTS 45,562 24.48 33.22
IRON & STEEL INGOTS 2,218 28.35 62.26
IRON & STEEL INGOTS 4,329 34.90 93.90
IRON & STEEL INGOTS 1,351 14.84 35.29
IRON & STEEL INGOTS 11,806 15.64 41.64



REF

a9
90
]|

E&LEN

87
o8

100
101

102
103
104
105
106
107
108
109
110
11

112
113
114
115
116
117
118
19
120
121

122
123
124
125
126
127
128
129
130
131

132

COMMODITY

IRON & STEEL INGOTS

IRON & STEEL BARS
IRON & STEEL BARS
IRON & STEEL BARS
IRON & STEEL BARS
IRON & STEEL BARS
[RON & STEEL BARS
IRON & STEEL BARS
IRON & STEEL BARS
IRON & STEEL BARS
IRON & STEEL BARS
IRON & STEEL BARS
IRON & STEEL BARS
JRON & STEEL BARS
IRON & STEEL PLATE
IRON & STEEL PLATE
IRON & STEEL PLATE
IRON & STEEL PLATE
IRON & STEEL PLATE
IRON & STEEL PIPE
IRON & STEEL PIPE
IRON & STEEL PIPE
IRON & STEEL PIPE
IRON & STEEL PIPE
IRON & STEEL PIPE
FERRO ALLOYS
FERRO ALLOYS
FERRO ALLOYS
FERRO ALLOYS
FERRO ALLOYS
FERRO ALLOYS
FERRO ALLOYS
FERRO ALLOYS
FERRO ALLOYS
FERRO ALLOYS
FERRO ALLOYS
FERRO ALLOYS
FERRO ALLOYS
FERRO ALLOYS

IRCN & STEEL PDS, NEC
IRON & STEEL PDS, NEC
IRON & STEEL PDS, NEC

METAL CONTAINERS
METAL CONTAINERS

ATTACHMENT 1
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

TCONS

8,400
2,969
9,215
3,949
31,334
35,457

6,759

6,750
29,135
18,934
13,574
36,636
11,121

2,899
11,474
10,164
17,534
11,600
17,061

186,524

5,744
22,400
1,989
6,580
75,089
10,135
5,970
5,133
7,647
4,162
4,881
2,800
1,400
9,276
43,712
1,400
5,625
1,210
1,480
11,433
33,850
13,154
13,300
1,557

SUMMARY OF CHARGES

WATER

23.32
13.74
21.94
18.63
34.20
20.04
17.07
16.08
25.74
19.56
14.00
16.53
19.28
20.96
20.70
20.40
28.37
20.26
16.39
21.96
16.98
20.75
30.08
21.96
16.78
19.50
18.77

8.97

8.50
11.20
13.85
10.85
18.74
16.44
19.50
14.44
1117
19.50
23.64
23.00
24.28
19.00
10.98
22.63

ALT WATER LAND

4250
38.50
29.67

25.95
45.85
56.42
33.49
34.74
58.60

68.17

36.84
36.56
48.03
64.20
34.92
28.22
29.34 52.30
18.97 37.80
49,52

29,71
22.95

' 51.86
82.65
30.44

NONE

26.06 51.12
18.85 40.79
2410

30.31
40.67

42.11

51.89

54,16

49.45
56.23
46.30
22.70
60.82

76.58

31.28

58.42

57.682

18.30

94.35

ALT LAND

40.25

35.10

24.33

——

35.89

27.89



REF

133
134
135
136
137
138
139
140
141

142
143
144
145
146
147
148
149
150
151

152
153
154
155
156
157
158
159
160
161

162
163
164
165
166
167
168
169
170
171

172
173
174
175
176

COMMODITY

METAL CONTAINERS

METAL CONTAINERS

IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
fRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
[RON AND STEEL SCRAP

IRON AND STEEL SCRAP

IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
JRON AND STEEL SCRAP
JRON AND STEEL SCRAP
JRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
IRON AND STEEL SCRAP
COAL
COAL
COAL
COAL
COAL
COAL
COAL

ATTACHMENT 1
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

TONS

3,560
3,045
99,108
6,076
1,433
6,137
4,753
2,934
1,400
4,886
8,225
40,507
1,450
19,808
7.814
" 4,135
113,168
1,450
15,932
16,726
11,426
11,616
59,279
18,903
5,360
12,978
12,733
3,134
11,168
4,635
9,653
2,184
45,770
7.500
1,648
4,200
4,740
6,885
10,
11
8,705
3,000
22,500
43,211

SUMMARY OF CHARGES

WATER ALT WATER

13.58
29.65
21.01
22.86
22.38
18.73
21.07
19.83
20.44
19.91
19.21
19.27
21.46
20.52
24.00
18.14
17.73
20.60
13.29
17.43
19.61
19.61
21.00
17.58
11.54

18.84 -

24,50
12.33
16.76
23.72
21.75
7.66
10.00
15.00
14.86
16.02
14.84
6.36
6.85
14.10
14.10
15.51
14.57
14.77

LAND

NONE
58.06
33.78
30.38
45.68
25.75
39.00
38.29
44,09
29.00
33.49
26.50
41.05
29.77
62.50
32.50
24.00
67.34
35.56
37.29
47.35

ALT LAND

36.50

32.85
43.77
46.05
50.16
37.27
35.53
27.70
44.41

45.82
2517

4735 -

61.05
41.05
29.15

35.02
24.87
40.28
39.32
33.77
23.00
14.50
36.38
56.07
58.64
56.07
12.38
10.41
21.44
18.24
17.52
20.39

17.94 22.61

42.94

38.37

53.30

37.49
26.93

19.35
16.35



REF

177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

210
211
212
213
214
215
218
217
218
219
220

COMMODITY

COAL
COAL
COAL
COAL
COAL
COAL
COAL
COAL
COAL
COAL
COAL
COAL
COAL

COAL

COAL
COAL
COAL
GOAL
COAL
COAL
COAL
COAL
COAL
COAL
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
GRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM

ATTACHMENT 1
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

TONS

37,535
583,192
356,812
998,485
530,207
117,417

2,740,843

10,398
9,417
12,953
191,511
53,692
100,707
25,373
75,466
3,201
8,013
44,548
7,681
35,402
139,912
269,796
69,376
4,806
3,743
18,916
222,607
337,785
6,128
219,593
157,619
157,619
29,502
127,307
6,556
13,112
16,454
11,117
7,084
6,128
23,914
2,154
226,280
10,216

SUMMARY OF CHARGES

WATER ALT WATER

22.07
11.53
11.95
11.89
11.51
8.31
20.44
16.27
16.69
13.48
24.40
18.46
20.06
22.79
23.04
23.91
28.94
22,22
18.58
18.43
18.42
17.04
15.93
15.84
10.79
6.33
9.15
9.64
9.55
10.70
8.51
6.89
9.35
5.89
22.43
2223
3.76
355
2.56
9.56
8.07
6.82
3.45
7.75

22.94
13.35
14.20
12.87
13.33
10.13
24.72
18.88
19.30

28.44
20.66
20.82
25.15
24.50
22.01
25.89
23.56

17.19
18.11
17.46
17.11

28.98
28.63

LAND

35.859
22.27
23.88
20.95
23.60
23.08
23.11
19.75
19.75
22.11
26.16
27.04
23.44
27.84
31.52
34.65
31.34
30.77
20.70
21.42
20.11
17.87
21.89
26.23
34.54
-13.61
15.66

30.33:

18.75
28.60
22.95
23.50
23.29
23.44
40.97
34.43
11.01
10.30

8.13
29.47
35.76
15.06

9.85
2612

ALT LAND

37.89

26.09

33.78

26.32



REF

221
202
223
224
225
226
227
228
229
230
231

232
233
234
235
236
237
238
239
240
241

242
243
244
245
246
247
248
249
250
251

252
253
254
255
256
257
258
259
260
261
262
263
264

COMMODITY

CRUDE PETROLEUM
CRUDE PETRCLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM

ATTACHMENT 1
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

TONS

18,384
39,525
54,468
240,187
156,973
81,196
9,503
43,355
41,744
492,534
38,200
8,408
12,122
36,074
15,472
22,058
13,224
83,341
17,632
6,894
16,546

172,810

27,738.

7,352
20,957
83,488
84,411
25,584

152,304
31,482

6,440
39,281
33,444

8,197
59,215

6,088

9,136

201,762
32,784
36,632
16,083

2,412

6,878

5,904

SUMMARY OF CHARGES

WATER ALT WATER LAND

3.38
5.58
3.19
5.26
5.40
7.32
3.19
2.38
5.64
2.54
7.1

5.01

4,73
1.85
3.30
6.46
4.14
5.71

6.05
2.85
217
2.00
1.52
2.76
3.49

5.86

13.36
7.16
8.72
8.02
4,72
5.87
8.68
4.79
4.43
5.05
8.59
8.70
9.83
7.12

10.12

10.12

10.51
6.51

9.08
20.68
7.65
25.10
24.97
30.65
10.41
5.51
22.38
16.71
37.83
8.54
10.05
8.11
12.38
20.86
7.21
16.93
10.52
10.44
7.74
18.17
4.43
9.43
10.06

1016 °

26.76
15.16
17.87
28.90
21.40
28.94
24.08
14.97
14.08
14.23
22.74
32.10

35.77
28.43
23.02
23.21
18.63

ALT LAND

10.53
26.26
20.91

12.09
24.73

38.98
13.35
20.83

15.30
31.85

17.58
21.80

14.11
17.36

. 2647 .
28.60
30.63

37.47
26.76
32.72
37.61
24.83
18.75
15.68
23.10

30.8824.18
38.68
28.99
32.45
23.55
26.22



REF

205
265
267
268
269
270
27

272
273
274
275
276
277
278
279
280
281

282
283
284
285
286
287
288
289
280

291.

202
293
294
205
296
297
208
299
300
301

302
303
304
305
306
307
308

COMMODITY

CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CAUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
CRUDE PETROLEUM
LIMESTONE
LIMESTONE
LIMESTONE
LIMESTONE
LIMESTONE
LIMESTONE
LIMESTONE
LIMESTONE
LIMESTONE
LIMESTONE
LIMESTONE
LIMESTONE
LIMESTONE
LIMESTONE
LIMESTONE
LIMESTONE

ATTACHMENT 1
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

FONS

11,528
4,749
26,862
31,971
6,128
13,216
8,426
134,251
6,664
551,775
25,678
132,023
17,338
18,164
16,083
2,204
35,264
50,754
21,708
321,467
10,211
189,387
170,443
5,510
12,036
7,452
25,153
109,998
7,200
7,942
12,440
53,930
15,240
11,225
11,326
6,806
11,081
5,872
3,137
15,619
8,458
87,726
22,661
8,421

SUMMARY OF CHARGES

WATER  ALT WATER

7.14
4.01
8.44
9.76
13.73
14.34
9.73
4.17
2.29
2.19
4.84
4.55
5.31
6.24
6.14
1.39
1.28
5.44
2.85
4.64
4.19
5.82
5.95
219
12.87
7.58
5.00
6.26
9.82
10.10
9.07
10.27
9.82
11.68
8.43
11.83
8.37
7.55
6.78
8.37
9.39
9.72
9.15
7.75

9.35

9.55

12.50
10.10

LAND

18,05
16.70
13.93
24.32
30.26
35.58
29.98
14.85

7.38
10.00

6.59
23.58

6.50
24.48
20.86

4.43

3.66
16.50

9.31
18.16
10.51
25.17
18.56

6.13

43.82 .

17.57
20.15
19.30
22.65
44.81
28.32
33.06
24.30
45.90
40.64
36.60
22.51
24.77
51.43
40.33
40.01
40.41
51.60
39.09

ALT LAND

17.92
18.81
22.65

17.22
26.46

25.32
28.27
31.85

4.43
22.65
12.20

21.38

45.09
31,88
2103



ATTACHMENT 1

TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

SUMMARY OF CHARGES
REF COMMODITY TONS WATER ALTWATER LAND  ALTLAND
309 LIMESTONE 105,926 7.75 37.18
310 LIMESTONE 11,920 7.85 44.44
311 LIMESTONE 42,040 8.00 21.30
312 LIMESTONE 30,000 8.00 21.30
313 LIMESTONE ’ 20,000 8.00 20.78
314 LIMESTONE 22,961 8.00 34.59
315 LIMESTONE 9,297 8.58 36.41
316 LIMESTONE 5,300 8.94 41.80
317 LIMESTONE 18,855 8.00 21.30
318 SAND AND GRAVEL 8,928 10.25 10.61 13.93
319 SAND ANO GRAVEL 3,078 6.97 11.66 15.94
320 SAND AND GRAVEL 10,491 10.59 30.11
321 SAND AND GRAVEL 17,187 9.25 37.63
322 SAND AND GRAVEL 18,319 10.58 34.36
323 SAND AND GRAVEL 48,976 10.73 34.36
324 SAND AND GRAVEL 10,653 11.09 36.59
325 SAND AND GRAVEL 14,050 10.13 23.96
326 SAND AND GRAVEL 12,093 7.25 31.48
327 CLAY 19,991 20.70 22.05 31.41
a28 CLAY 3,980 9.61 11.52 22.31
329 CLAY ) 11,525 - 7.91 7.54 14.80
330 CLAY ' 23,415 9.27 11.52 17.25
331 CLAY 4,115 10.50 15.22 24.99
332 CLAY 21,777 5.49 9.89 15.72
333 CLAY 27,901 6.63 10.83 17.32.
334 GLAY 4,560 5.38 13.54 g
335 CLAY - ' 1,389 2869 - 57.24 \
336 SALT 69,959 10.27 23.45 34.76
337 SALT 25,480 6.79 12.15 14.04
338 SALT 243,200 6.79 13.42
339 SALT 21,700 7.78 29.75
340 SALT 21,332 8.00 39.33
341 SALT _ 20,131 12.74 36.73
342 SALT 4543 1311 8380
343 SALT 21,567 14.71 45.92
344 SALT 33,869 10.21 32.02
345 SALT 25,842 11.84 36.09
346 SALT 1,684 15.18 97.45
347 SALT 36,338 10.25 27.55
348 SALT 4,362 11.34 66.62
349 SALT 9,316 11.47 36.19
350 SALT 11,795 12.41 43.27
351 SALT 33,709 12.69 35.97
352 SALT 11.823 9.38 35.22



ATTACHMENT 1
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

SUMMARY OF CHARGES
REF COMMODITY TONS WATER ALT WATER LAND ALT LAND
353 SALT 161,942 8.75 32.02
354 SALT 17,224 8.50 45.33
355 SALT 7,411 8.50 45.33
356 SALT 44,091 9.84 42.53
357 SALT 1,368 12.97 70.10
358 SALT 15,556 20.69 42.69
359 SALT 11,059 8.35 34.13
360 SALT 2,852 12.62 85.90
361 SALT 9,278 10.75 45.53
362 SALT 18,656 13.73 45.57
363 SALT 112,671 15.10 44.42
364 SALT 6,144 17.05 47.26
365 SALT 21,381 11.26 29.62
366 SALT 191,181 9.05 28.60
367 SALT 13,623 11.21 33.98
368 SALT 7,757 14.00 26.71
369 SALT 1,532 10.46 49.10
370 SALT 4,610 17.19 77.00
371 SALT 97,430 8.25 49.80
372 SALT 8,050 18.66 31.61
373 SALT 7,188 15.96 16.89 24.94
374 SALT T 3,188 10.03 58.60
375 SALT 11,206 13.32 41.26
376 SALT 50,355 13.66 44.51
377 SALT 32,085 14.00 44.42
378 SALT 90,294 20.37 '_ 4197 \
379 SALT ' 12,472 14.34 43.69 t
380 SALT 13,948 12.90 41.31
381 SALT 93,236 15.41 48.40
382 SALT 2,933 15.62 97.55
383 SALT 29,308 12.00 25.28
384 SALT 8,806 27.44 41.68
385 SALT 105,450 15.61 28.65
386 SALT 8,002 20.57 39.71
ag7 SALT 4,550 12.31 74.40
388 SULPHUR, LIQUID 260,560 31.18 35.00
389 SULPHUR, LIQUID 32,295 11.50 19.32 23.01
390 SULFHUR, LIQUID _ 10,865 8.85 10.91 20.83
391 SULPHUR, LIQUID 25,666 9.60 19.32 23.01
392 SULPHUR, LIQUID 90,300 13.00 29.65 31.96
393 SULPHUR, LIQUID 31,206 19.00 26.74
394 SULPHUR, LIQUID 18,139 54.31 58.71
395 SULPHUR, LIQUID 36,163 52.25 57.70

396 SULPHUR, LIQUID 9,583 54.76 46.94 121.33



REF

397
308
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
418
417
418
419
420
421
422
423
. 424
425
426
427
428
429
430
431
432

434

437
438
439
440

COMMODITY

NONMETALLIC MINERALS
BUILDING CEMENT
BUILDING CEMENT
BUILDING CEMENT
BUILDING CEMENT
BUILDING CEMENT
BUILDING CEMENT
BUILDING CEMENT

LIME

LIME

WATERWAY IMPROV MTL
WATERWAY IMPROV MTL
WATERWAY IMPROV MTL
VENEER OR PLYWOOD
PULP.

PULP

NEWSPRINT PAPER
PAPER AND PAPERBOARD
PAPER AND PAPERBOARD
PAPER AND PAPERBOARD
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIIM NYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE
SODIUM HYDROXIDE

ATTACHMENT 1
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

TONS

69,705
30,274
22,261

2,463
9,933
14,437
17,122
27,322
18,525
147,198
2,000
7,000
23,758
2,610
03,330
8,285
13,607
18,434
10,544
16,339
29,231
- 2,100
3,826

112,790

13,229
6,000
1,400
5,081
8,400
3,004

12,642
2,837
8,038
4,093

12,934

13,507
2,754
2,995

10,435

14,683

21,392

13,491

83,604

17,831

SUMMARY OF CHARGES
WATER ALTWATER LAND ALT LAND
6.40 8.73 14.96
10.33 12.46
6.11 11.43
9.41 24.60 19.54
12.02 19.04 36.57
14.21 35.18
16.75 20.50
7.50 NONE NONE
6.00 10.58 1412
8.50 23.90
3.90 9.69 13.71
4,38 12.27 12,99
7.25 7.91 33.15
24.05 36.89 38.30
19.75 26.16 28,64
20.52 28.39 20.89
38.15 47.96
21.32 36.17 36.68
28.77 28.15 58.76
2212 49.41
7.33 25.31 34.77
11.03 53.82 -
8.86 30.35 51.27
8.64 9.48
11.57 15.65
6.38 11.34 2sfa
11.54 42.84 \
9.32 16.85 - 3231
11.79 24.90
6.51 29,92 30.40
9.40 24,85 54.61
6.53 18.96 28.31
9.93 18.53
15.11 28.31 39.17
9.45 16.48
11.57 17.19
9.32 25.16 3517
9.79 32.09 :
11.25 26.73
6.42 10.95 26.58
8.63 21.61
8.65 21.61
15.83 39.59
8.90 17.21 55.22



REF

441
442
443
444
445
446
447
448
449
450
451

452
453
454
455
456
457
458
459
460
461

462

463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484

COMMOQDITY

CRUDE PETRO PRODUCTS
CRUDE PETRO PRODUCTS
CRUDE PETRO PRODUCTS
CRUDE PETRO PRODUCTS
CRUDE PETRO PRODUCTS
CRUDE PETRO PRODUCTS
CRUDE PETRO PRODUCTS
CRUDE PETRO PRODUCTS
CRUDE PETRO PRODUCTS
CRUDE PETRO PRODUCTS
CRUDE PETRO PRODUCTS
CRUDE PETRO PRODUCTS
CRUDE PETRO PRODUCTS
ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS -

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

ALCOHOLS

BENZENE

BENZENE

BENZENE

BEN2ENE

BENZENE

ATTACHMENT 1
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

TONS

6,147
9,097
4,590
58,530
11,226
1,770
4,126
6,618
15,408
11,355
16,786
9,198
10,915
1,435
74,978
5,600
3,343
10,572
1,439
9,701
4,397
4,496

35,472

125,006
1,168
4,530
2,824
2,807
1,341

15,400
15,400
4,048
4,112
10,888
1,328
75,871
10,516
7,957
40,100
6,280
6,172
27,858
4,192
7,187

SUMMARY OF CHARGES

WATER

3.86
4.45
25.12
32.54
10.98
8.13
24.38
25.29
27.27
24.74
25.70
28.78
28.99
8.93
7.60
9.91
18.69
24.42
18.44
17.00
8.99
9.85
27.06
28.33
18.34
21.40
13.32
14.30
22,02
36.77
36.77
15.67
17.07
29.71
22.62
29.20
29.71
15.68
26.71
8.82
8.85
3.69
8.82
4.85

ALT WATER  LAND

1116

9.59
74.26
85.71
54,58
33.61
45.30
42.93
52.01
43.48
47.00
50.45
66.75
13.79
23.14
19.04
58.96
42.20
64.46
60.03
27.30
23.19
65.55
63.54
56.35

87.70 - -

69.90
48.90
79.50
67.71
- 67.71
48.90
48.90
48,90
87.70
66.11
48.30
47.09
49.21
22.56
22.04
9.64
37.00
11.94

ALT LAND

12.92
12.20

25.19

38.69
34.33

11.49

16.04



REF

485
486
487
488
489
490
41

492
493
494
495
498
497
498
459
500
501

502
503
504
505
506
507
508
509
510
511

512
513
514
515
516
517
518
519
520
521

522
523
524
525
526
527
528

COMMODITY

BENZENE

BENZENE

BENZENE

BENZENE

BENZENE

BENZENE

BENZENE

BENZENE

BENZENE

SULFURIC ACID
SULFURIC ACID
SULFURIC ACID

BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC

ATTACHMENT 1
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

TONS

78,556
41,088
4,153
39,836
3,095
13,780
171,454
1,458
52,913
118,120
116,895
70,802
17,195
20,012
7,500
13,830
2,817
9,180
5,000
10,000
20,286
122,082
10,341
10,000
10,000
3,012
4,800
16,129
95,450
5,000
44,211
31,475
6,392
7.500
11,407
6,926
3,832
15,798
1,516
24,413
8,918
12,508
7412
12,704

SUMMARY OF CHARGES
WATER ALTWATER  LAND ALT LAND
7.54 16.69 31.22
21.90 54.76
17.76 61.78
9.80 23.24
8.62 34.00
21.88 37.41
6.37 22.65
17.76 46.91
7.80 15.57 20.42
4.40 10.79
4.40 10.79
10.84 19.04
8.64 29.63
11.46 25.14
14.31 40.16
7.37 20.28
12.90 53.20
8.31 24.25
9.55 34.74 37.59
14.50 27.16
9.23 26.02
8.81 20.97
8.81 20.97
8.81 22.02
8.27 20.07
7.96 - 24.51 42.%0.
10.35 42.90 \
8.60 11.22 17.96
y 4 18.28 34.05
23.94 44,94
19.44 35.98
17.38 50.19
9.49 16.65
11.41 22.05 47.42
29.02 70.58
10.38 59.26
19.00 76.50
35.12 31.00 47.30
21.46 64.59
9.81 35.95
7.19 18.05
13.04 31.43
16.50 47.56
22.23 70.45



REF

528
530
531

532
533
534
535
536
537
538
539
540
541

542
543
544
545
B46
547
548
549
550
551

552
£53
554
565

557
558
559
560
561
562
563

565
566
867
568
569
570
T4
572

COMMODITY

BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEG
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEG
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEG
BASIC CHEMICALS, NEG
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC GHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC.CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEG
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC

ATTACGHMENT 1
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

TONS

49,219
11,540
6,040
16,846
12,853
10,188
14,509
113,185
30,168
28,420
52,086
47,718
54,073
48,052
196,657
12,950
1,396
37,067
1,952
213,275

30,980 -

12,731
53,637
40,814
18,435
107,843
69,489
27,541
36,961
593,096
19,723
22,957
20,408
14,930
10,130
15,066
108,412
22,176
94,421
129,280
12,468
4,532
34,668
241,185

SUMMARY OF CHARGES
WATER ALTWATER  LAND ALT LAND

26.08 43.47
20.55 46.42
13.46 42,09
11.34 17.01
26.14 62.08
36.51 67.25
30.22 54.27
23.93 45,96
23.27 69.71
36.59 65.11
15.10 56.34
15.10 56.34
18.05 55.08
18.74 49.50
25.39 50.12
19.31 59.39
18.12 55.50
15.10 32.49
10.63 49.30
2417 38.32
2417 38.32
18.07 40.14
23.12 51.92
18.86 62.89
14.35 39.50
24.67 43.66
11.83 - 30.53 \'.
14.12 26.35
13.60 35.71
15.45 39.38
11.03 25.29
11.03 25.29
13.61 33.20
13.22 30.27
21.15 32.05
16.00 69.98
16.00 69.98
32.88 52.06
12.40 27.01
14.34 34.78
17.12 39.78
11.34 40.71
13.17 39.38
15.60 54.92



REF

573
574
575
576
577
578
579
580
581

582
583
584
585
586
587
588
588
590
51

592
593
594
595
596
597
598
599
600
601

602
603
604
605
608
607
608
609
610
&1

612
613
614
615
616

COMMODITY

BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
BASIC CHEMICALS, NEC
SYNTHETIC RUBBER
SYNTHETIC RUBBER

GUM AND WOOD PRODUCTS
GUM AND WOOD PRODUCTS
GUM AND WOOD PRODUCTS
GUM AND WOOD PRODUCTS
MISC CHEMICAL PDS, NEC
MISC CHEMICAL PDS, NEC
MISC CHEMICAL PDS, NEC
NITROGENOUS FERTILIZER
NITROGENOUS FERTILIZER
NITROGENOUS FERTILIZER
NITROGENOUS FERTILIZER
NITROGENOUS FERTILIZER
NITROGENOUS FERTILIZER
NITROGENOUS FERTILIZER
NITROGENQUS FERTILIZER
NITROGENOUS FERTILIZER
NITROGENOUS FERTILIZER
NITROGENOUS FERTILIZER
NITROGENOUS FERTILIZER
NITROGENOUS FERTILIZER.
NITROGENOUS FERTILIZER
NITROGENOUS FERTILIZER
NITROGENOUS FERTILIZER
POTASSIC CHEM FERT
POTASSIC CHEM FERT
POTASSIC CHEM FERT
POTASSIC CHEM FERT
POTASSIC CHEM FERT
POTASSIC CHEM FERT
PHOSPHATIC CHEM FERT
PHOSPHATIC CHEM FERT
PHOSPHATIC CHEM FERT
PHOSPHATIC CHEM FERT
PHOSPHATIC CHEM FERT
PHOSPHATIC CHEM FERT
FERTILIZERS, NEC
FERTILIZERS, NEC
FERTILIZERS, NEC
FERTILIZERS, NEC

ATTACHMENT 1
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TONS

77,057
32,981
71,148
8,790
21,145
2,761
15,120
50,960
11,200
19,404
5,332
9,190
8,887
1,626
4,603
3,046
1,384
2,952
1,630
1,435
23,939
3,000
1,650
21,054
36,802
18,138
1,426
2,993
1,711
4,541
4,313
1,497
5,781
4,489
20,254
2,848
2,950
1,249
10,407
7,557
2,800
3,337
4,517
8,541

SUMMARY OF CHARGES

WATER ALTWATER  LAND

4.49
16.00
16.00
13.63
12.81
10.60
8.46
9.99
6.90
13.29
10.25
25.29
7.00
11.70
7.80
6.30
10.09
7.80
8.44
8.69
12.53
11.54
6.80
13.00
12.00
10.00
13.50
8.86
12.42
5.34
9.07
50.28
44.30
50.25
29.31
29.42
22.45
32.00
27.20
17.67
12.44
10.26
13.59
6.80

NONE
58.05
58.05
18.80
16.57
77.75
14.38
1577
14.38
30.68
35.66
71.78

9,92
32.47
19.45

9.92
23.04
19.45
29.77
35.80
31.5%
45.56
17.28
26.71
24.81
36.79
40,07
27.75
55.02

7.98
14.03
84.71
75.94
87.22
34.84
37.08
44.29
36.16
40.20
24.01
45.43
36.28
£9.56
14.67

ALT LAND

NONE

27.01
21.98

11.73
22.94
13.14

25.36
22.94

34.11

13.02
20.77

19.42



ATTACHMENT 1

TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

REF

617
618
619

621
622

624
625
626
627
628
629
630
&31

632
633
634
635
636
637
638
639

840

641
642
643
644
" 645
646
647
648
649
650

_ 651 GASOLINE — —

652
853
654
655
656
657
658
659

COMMODITY

FERTILIZERS, NEC
FERTILIZERS, NEG
FERTILIZERS, NEC
FERTILIZERS, NEC
FERTILIZERS, NEC
FERTILIZERS, NEC
FERTILIZERS, NEC
FERTILIZERS, NEC
FERTILIZERS, NEC
FERTILIZERS, NEC
FERTILIZERS, NEC
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE

GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE

TONS

SUMMARY OF CHARGES

1,477 10.53
2,796 12.37
5,088 9.50
4,361 28.81
1,418 28.29
3,012 27.00
8,678 12.43
8,399 27.00

2,815 31.12
1,631 9.13
2,966 8.55
17,324 4.63
146,491 4.55
67,921 17.74
5,800 32.34
36,023 8.30
12,350 9.87

15,996 13.74
12,659 22.35

45,444 20.06
3,113 8.97
- 11,678 4.28
26,219 8.12
27,365 0.07
7,782 645
132,672 5.25°
199,592 7.79
24,812 10.48
4,021 12.57
4,150 15.74
46,030 3.54
33,747 4.99
8,233 7.25
2,630 8.06
18,000 —597 —
6,486 5.97
12,618 3.02
1,400 3.00
11,488 2.86
33,804 5.43
10,111 7.02
4,602 8.99
67,590 5.19
2,583 7.19

ATCH - 15

WATER ALTWATER  LAND

44.60

52.42

33.14

51.19

46.35

47.11

31.85

32.00

34.35

33.61

35.45

17.58

8.56

31.77

29.03 49.99
30.31

26.04

18.31

19.08 28.81
16.72 35.41
35.46

14.48

9.48

31.18

29.20

16.60

18.13

ALT LAND

18.61

36.20
16.46
10.03
32.82
29.39

2548 .

81.86
84.63
6.05
8.03
16.90
26.71

955

9.55
7.49
7.32
6.12
17.43
22.29
44.05
13.70
21.12

6.20
10.08
25.94

o8

10.08
15.79
19.10
16.01
18.70
25.51
48.19
20.29
27.19



REF COMMODITY

661
662
663

671

674
675
78
677
678
679
680
681

682
683

686
€87
688
669

691

698
699
700
701
702
703
704

GASOLINE

GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE

GASOLINE .

GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
GASOLINE
JET FUEL

JET FUEL

JET FUEL

JET FUEL

ATTACHMENT 1
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

TONS

2,596
6,000
2,935
12,882
10,719
2,607
19,624
8,358
6,356
5,540
10,584
2,996
86,806
9,922
7,671
23,889
27,742
24,022
11,778
33,223
40,884
- 34,081
10,896

19,455

9,612
15,324
3,892
11,805
129,000
2,615
179,740
156,849
73,670
160,255
29,961
34,112
35,853
3,413
3,100
13,287
57,695
134,083
25,454
46,954

SUMMARY OF CHARGES

WATER ALT WATER

6.21
9.58
5.60
5.46
4.56
7.76
19.78
22,55
15.74
19.41
30.44
15.93
4.37
7.81
9.50
8.26
30.28
8.16
21.75
22.11
11.52
9.79
12.63
15.46
22.08

0.68

23.76
25.27
11.78
13.14
12.94

8.82
13.28
13.28
28.72
28.72

8.43

8.35
24.51
31.74
26.45
24.04

6.10
10.48

ATCH- 16

23.49
21.07

LAND

11.29
25,27
17.49
13.74
10.08
26.61
42.05
41.42
40.78
44.61
70.88
46.69
18.87
18.76
23.81
17.71
51.81
18.80

8.25

8.25
44,96
33.59
31.32
10.70
13.30

14.00 . .

13.30
36.65
35.59
46.87
50.15
23.47
38.58
36.88
53.50
53.50
21.45
21.20
59.04
54.07
33.79
29.53
22.79
25.27

ALT LAND

13.83
39.99
22.44
13.82
15.01
34.74

19.27

35.01
39.24

27.83
41.32

2120
46.01

30.94
21.33

25.08
32.58



ATTACHMENT 1

TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

REF

705
706
707
708
709
710
11
712
713
714
715
716
717
718
719
720
721

722
723
724
725
726
727
728
729
730
731

732

733
734
735
736
737
738
739
740
741

742
743
744
745
746
747
748

SUMMARY OF CHARGES
COMMODITY TONS WATER ALTWATER LAND  ALTLAND
JET FUEL 9,243 20.89 38.16
JET FUEL 19,197 23.59 35.08
JET FUEL 9,243 23.59 35.08
JET FUEL 24,885 9.54 38.25
JET FUEL - 9,243 21.35 34.28
JET FUEL 12,087 21.35 34.28
JET FUEL 15,642 21.35 34.01
JET FUEL 6,000 11.84 36.96
JET FUEL 23,815 9.35 18.27 32.15
JET FUEL 7,110 26.62 27.91
JET FUEL 9,243 29.38 29.77
JET FUEL - 10,243 14.74 39.87
KEROSENE 11,396 35.88 67.64
KEROSENE 20,249 32.15 58.37
DISTILLATE FUEL OIL. 3,656 7.58 34.64
DISTILLATE FUEL OIL 7,595 4.50 9.21 13.99
DISTILLATE FUEL OIL 9,036 4.49 10.99 13.81
DISTILLATE FUEL OIL 20,250 8.24 22.18 22.38
DISTILLATE FUEL OIiL 28,137 25.79 23.99 38.92
DISTILLATE FUEL QIL 53,255 18.03 15.07 27.30
DISTILLATE FUEL OIL 1,265 2.97 11.49 18.46
DISTILLATE FUEL OIL * 30,682 1.73 6.40 15.20
DISTILLATE FUEL OIL 2,954 8.61 37.02 61.73
DISTILLATE FUEL OIL 10,417 7.18 25.71
DISTILLATE FUEL OIL 9,159 5.96 _ 20.80 25.51
DISTILLATE FUEL OIL 10,458. 7.66 20.70
DISTILLATE FUEL OIL 9397 = 215 419 4.45‘
DISTILLATE FUEL OIL 2,772 4.63 10.77 12.74
DISTILLATE FUEL OIL 263,783 3.84 21.91
DISTILLATE FUEL OIL 1,509 1.66 4.43
DISTILLATE FUEL OiL 14,894 5.70 16.67 23.28
DISTILLATE FUEL OIL 691,626 7.89 13.48
DISTILLATE FUEL OIL 4,431 3.52 8.54 15.75
DISTILLATE FUEL OIL 11,509 1.94 8.12
DISTILLATE FUEL OIL 6,714 4.67 19.17 10.85
DISTILLATE FUEL OIL 4,651 7.14 14.17 20.60
DISTILLATE FUEL OIL 36,283 4.14 7.92
DISTILLATE FUEL OIL * 9,600 24.40 47.78
DISTILLATE FUEL OIL 48,963 35.09 17.61 61.22
DISTILLATE FUEL OIL 97,633 24.10 43.94
DISTILLATE FUEL OIL 5,206 28.13 12.44 45.10
DISTILLATE FUEL OiL 8,049 12.39 32.83
DISTILLATE FUEL OIL 25,701 15.22 9.87 31.61

DISTILLATE FUEL OIL 11,310 25.84 50.04



REF

749
750
751
752
753
754
755
756
757
758
759
760
761

762
763
764
765
766
767
768
769
770
771

772
773
774
775
776
777
778
719
780
781

782
783
784
785
786
787
788
789

791
792

COMMODITY

DISTILLATE FUEL OIL
DISTILLATE FUEL OIL
DISTILLATE FUEL OIL
DISTILLATE FUEL OIL
DISTILLATE FUEL OIL
DISTILLATE FUEL OIL
RESIDUAL FUEL OIL.
RESIDUAL FUEL OIL.
RESIDUAL FUEL OIL
RESIDUAL FUEL OlL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL.
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL.
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL.
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL

ATTACHMENT {
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

SUMMARY OF CHARGES
TONS - WATER ALTWATER LAND  ALTLAND
37,841 2.14 8.89
95,683 2.14
3,324 10.10 31,53
10,090 19.55 50.43
1,242 17.92 57.22
3,524 31.61 67.53
9,389 6.42 18.81 24.38
22,288 11.87 41.19
6,580 9.20 27.40
3,555 8.87 33.79
127,423 6.29 28.43
11,100 32.77 20.85 35.80
9,522 3.57 8.69 11.22
169,409 8.19 21.94
10,245 3.47 11.93 12.84
13,900 4.36 10.88 13.99
9,380 6.08 17.50 .
14,117 3.61 9.90 11.40
39,780 1.96 4.18 4.43
3,060 4.36 14.02 14.79
9,284 6.93 26.42
. 18,200 6.83 29,04
8,701 7.08 28.07 32.02
2,960 1.03 4.43 11.48
11,313 7.53 21,01
9,389 7.77 2352 . .
18,138 3.92 - 8.83 12,45
6,910 3.36 8.98 9.35
65,624 6.93 22 66
24,597 3.38 9.08 10.54
14,472 3.38 9.08 10.54
21,866 5.58 20.42 22,92
92,125 5.58 20.42 22.92
6,756 6.02 29.79
20,134 5.19 18.81 31.00
38,725 4.43 10.98 15.42
9,393 10.79 2552
5,846 11.01 25,13
12,100 7.90 3.99 28.94
15,731 4.01 17.87 23.03
9,780 2.89 9.17 14.62
9,687 4.96 10.32 10.77
6,388 5.24 20.23 29.54
5,188 5.72 17.86 23.10
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REF

793
794
795
796
797
798
789
800
801

802
803
804
805
808
807
808
809
810
811

812
813
814
815
816
817
818
819
820
821

g22
823
824
825
826

—827 LUBRICATING OILS—

828
829
830
831
832
838
834
835
836

COMMODITY

RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL QIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OiL
RESIDUAL FUEL OIL
RESIDUAL FUEL Oil,
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL OIL
RESIDUAL FUEL QIL
RESIDUAL FUEL OIL
RESIDUAL FUEL QIL
LUBRICATING OILS

LUBRICATING QILS
LLUBRICATING OILS
LUBRICATING OILS
LUBRICATING QILS
LUBRICATING OILS
LUBRICATING OILS
LUBRICATING OIS
LUBRICATING OILS
LUBRICATING QILS

ATTACHMENT 1
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

TONS

69,935
52,225
5319
7,806
9,850
12,103
157,046
636,606
6,846
35,471
8,260
37,643
2,859
10,508
44,519
12,308
9,389
1,687
10,313
45,790
3,094
9,488
13,754
28,140
1,939
9,389
21,247.
18,288
10,792
28,267
25,477
3,074
17,155
56,379

23,962

19,672
67,575

7,995

2,829
11,100
16,327
40,674
71,047
58,460

SUMMARY CF CHARGES

WATER ALT WATER

6.57
3.28
20.66
6.97
32,08
26.30
8.02
7.89
7.68
5.58
9.01
25.04
35.19
24,96
7.44
35.73
7.19
6.96
7.27
10.35
9.98
35.10
9.38
12.11
4.35
11.01
' 5.85
5.85
5.86
5.85
5.84
5.97
27.49
1.37
—21.08
33.30
22.59
29.36
20.14
20.13
32.50
26.53
25.30
31.24

16.47

LAND

15.65
10.20
26.92
10.18
49.06
42.54
31.76
17.75
16.44
23.66
16.92
69.00
76.03
57.51
21.25
65.91
23.90
38.29
21.05
35.70
31.22
69.00
24.20
30.22
21.93
36.65
17.97
17.97
24.68
24,68
17.97
31.19
60.01
1033
49.43
65.19
52.26
60.30
89.47
37.06
68.72
46.56
58.09
62.32

ALT LAND

18.18
13.27

17.65

24.43

35.76

2122

2546

25.06
25.24
25.24
25.15
31.38

4.43



ATTACHMENT 1
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

SUMMARY OF CHARGES
REF COMMODITY TONS WATER ALTWATER  LAND ALT LAND
837 LUBRICATING OILS 6,839 34.63 66.55
838 LUBRICATING OILS 17,278 35.35 64.60
839 LUBRICATING OLS 13,775 28.33 49,99
840 LUBRICATING OILS 5,445 15.26 41.15
841 LUBRICATING OILS 7,226 7.55 22.21
842 LUBRICATING OQILS 32,445 10.16 40.72
843 LUBRICATING OWLS 16,528 33.09 74.81
844 NAPHTHA 4,770 4.64 13.20 15.21
845 NAPHTHA 9,758 21.28 17.25 31.45
846 NAPHTHA 37,475 7.99 21.34
847 NAPHTHA 4,576 6.13 24.91 30.66
848 NAPHTHA 43,605 5.00 10.61 11.01
849 NAPHTHA 9,341 5.00 10.61 11.01
850 NAPHTHA 12,278 4.40 9.71 13.16
851 NAPHTHA 7,777 9.92 15.21 20.25
852 NAPHTHA 15,217 4.71 7.99 18.03
853 NAPHTHA 1,400 25.90 73.26
854 NAPHTHA 4,089 10.91 36.99
855 NAPHTHA 2,727 4,99 23.06
856 NAPHTHA 59,673 21.46 38.95
857 NAPHTHA 13,335 21.46 38.95
858 NAPHTHA 50,166 21.46 38.95
859 NAPHTHA 4,369 6.38 . 17.58 23.26
860 - NAPHTHA 12,718 26.96 48.38
861 NAPHTHA 6,016 7.31 . 20.02
862 NAPHTHA 10,632 29.35 ° . 4679 Ai'
863 NAPHTHA 5,951 30.49 57.66 !
864 NAPHTHA 8,582 31.16 ) 56.90
865 NAPHTHA 6,000 9.43 26.74
866 NAPHTHA 5,452 25.47 48.27
867 NAPHTHA 14,816 6.44 17.07 23.36
868 ASPHALT 6,235 13.50 29.02
869 ASPHALT 15,206 30.16 18.35 25.26
870 ASPHALT 17,270 11.17 20.07
871 ASPHALT 11,066 17.34 32.45
870 ASPHALT 11,760 13.50 29.02
873 ASPHALT 11,540 9.73 16.10
874 ASPHALT 6,364 14.40 30.60
875 ASPHALT 1,308 18.66 52.99
876 ASPHALT 17,977 19.85 32.87
877 ASPHALT 17,117 12.00 40.16
878 ASPHALT 4,615 12.00 42,03
879 PETROLEUM COKE 6,000 7.46 14.71 15.53

880 PETROLEUM COKE 11,037 12.50 26.77



REF

881
gaz
883
884
885
886
887
£88
889
890
891

892
893
894
BG5S
896
897
898
8e9
800
801

202
803

805
806
207
908
909
810
211
912
913
g14
915
918
917
918
919
920
821

923
924

COMMODITY

PETROLEUM COKE
PETROLEUM COKE
PETROLEUM COKE
PETROLEUM COKE
PETROLEUM COKE
PETROLEUM COKE
PETROLEUM COKE
PETRCLEUM COKE
PETROLEUM COKE
PETROLEUM COKE
PETROLEUM COKE
PETROLEUM COKE
PETROLEUM COKE
PETROLEUM COKE
PETROLEUM COKE
PETROLEUM COKE
PETROLEUM COKE
LIQUIFIED PETROLEUM
LIOUIFIED PETROLEUM
LIQUIFIED PETROLEUM
LIQUIFIED PETROLEUM

"LIQUIFIED PETROLEUM

LIQUIFIED PETRCLEUM
LIQUIFIED PETROLEUM
LIQUIFIED PETROLEUM
PETROLEUM #BS, NEC
PETROLEUM PBS, NEC
MARINE SHELL
MARINE SHELL
MARINE SHELL
MARINE SHELL
MARINE SHELL
MARINE SHELL
MARINE SHELL
MARINE SHELL
MARINE SHELL
MARINE SHELL *
MARINE SHELL
MARINE SHELL
MARINE SHELL
MARINE SHELL
MARINE SHELL
MARINE SHELL
MARINE SHELL

ATTACHMENT 1
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

TONS

5,003
224,449
21,895
4,889
1,574
70,245
8,915
3,018
36,677
59,620
16,171
23,107
3,213
53,866
6,408
54,219
3,302
117,354
28,516
19,502
82,607
15,708
58,410
13,315
14,926
110,632
145,304
1,358
16,448
5,997
70,100
16,209
74,650
1,084
4,729
17,500
7,523
28,542
28,542
7,000
11,150
4,500
502,580
30.412

SUMMARY OF CHARGES

WATER ALT WATER

8.37
8.12
11.50
11.61
11.53
11.53
16.87
14.32
9.82
19.66
29.46
18.76
21.77
7.50
7.50
20.38
15.56
5.69
5.76
3.57
6.54
8.90
6.67
6.32
15.68

24.82

8.01,

3.91
13.47
3.61
3.48
3.46
3.93
3.60
4.72
4.79
5.90
7.19
3.99
3.99
10.01
10.14
12.21
6.67
10.12

13.99

LAND

14.23
12.39
28.43

9.13

9.13

9.13
27.06
14.88
24.02
40.76
31.34
29.83
42.94
18.77
18.77
19.54
50.28
23.44
23.26

8.77
17.08
17.98
16.76
14.90
42,24

24.45'_

18.78
43.48
3.08

. 270
5.38
7.68
9.40
10.06
10.86
10.23
14.78
5.43
5.43
27.57
17.89
31.24
7.86
18.59

ALT LAND

15.08
14.93

14.00
10.23
10.23

22.28

34.48
34.48

27.35
27.35
10.65
23.66
32.08
26.84
23.74

20.5%

7.71
7.19
6.60
8.16

21.00
21.00
15.02
18.75
19.23
19.23

22.30
36.22

20.30



REF

928
926
927
928
929
€30
831

a32
a33
934
835
936
837
938
239
940
o941

942
943
844

COMMODITY

MARINE SHELL
MARINE SHELL

MARINE SHELL

MARINE SHELL

MARINE SHELL

BASIC TEXTILE POS
MISC POS OF MFG
WASTE AND SCRAP, NEC
WASTE AND SCRAP, NEC
WASTE AND SCRAP, NEC
WASTE AND SCRAP, NEC
WASTE AND SCRAP, NEC
WASTE AND SCRAP, NEC
WASTE AND SCRAP, NEC
WASTE AND SCRAP, NEC
WASTE AND SCRAP, NEC
WASTE AND SCRAP, NEC
WASTE AND SCRAP, NEC
WATER

MISC. SHIPMENTS

ATTACHMENT 1
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY

TONS

5,277
8,054
15,123
6,430
274,377
1,350
35,475
4,010
9,819
11,529
12,433
9,515
33,426
20,637
11,480
10,336
5,926
16,931
6,213
385,570

SUMMARY OF CHARGES
WATER ALT WATER LAND ALT LAND
6.92 1234 15.56
8.91 17.59 21.25
10.12 19.78 21.10
10.12 16.03 21.73
6.92 7.70
9.94 47.64
7.54 13.98
14.51 38.23
10.48 16.59
7.84 20.01
9.02 17.07
24.09 40.62
57.87 91.25
35.26 63.93
14.29 43.61
7.99 18.42 39.24
17.86 47.39
2s.61 49.08
277
9.62 26.29
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