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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 11, 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 lock 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 Outlet (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 IHNC lock is about 70 miles, or about 50 miles shorter 
than the 45-foot depth route to the gulf via 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 I1 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 
enhancedthe 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.S. 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 joins 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 Mobile Bay portion 
of 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: Algiers, 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. 



Table 1 - 1 

System Physical Description of GlWW Lode 

Miss. SiU 
GlWW River Length WidUl Depth Cfl Year 

Watetway/Lodc Mile Mile (Feet) (Feet) (Feet) (Feet) Owned 

GlWW East 

IHNC 

GlWW West 

Bayou Boeof 
Lehnd Bowman 
Calcasiau 

GlWW Alt. Route M.C. - P.A. 

Port Allen 
Bayou Sonel 



I Date : January 1994 Flle t ( 
I FIGURE I - I. 



SECTION 2 - EXISTING, HISTORICAL AND PROJECTED TRAFFIC 
EXISTING AND HISTORICAL SHALLOW DRAFT TRAFFIC 

IHNC LOCK TRAFFIC AND FLOW PATTERNS 
Table 2 - 1 displays the distribution of 1989 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 $-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 lock, 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 petroleum, coal and petroleum 
products represent the bulk of GIWW East (West of Mobile) 
destinations, while coal, 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 1992. Displayed are traffic volumes and 
average delay per tow estimates. 



, . 
Table 2 - 1 

Cornmodily Distribrtion and Fkw Pattern for 1989 IHNC Lo& Traffic 

Total IHNC NorthEast % of WesVEast % of 
Tralfii %Of Total Traffic NorthlEast Traffic WestlEast 

Commodii Group (Tons) Traffic (Tons) Traffic (Tons) Traffic 

Fann Products 498,998 I 9% 480,667 2.8% 18,331 0.2% 
Metallic Ores 1,383,955 5.4% 1,237,311 7.2% 146,644 1.7% 
Coal 7,438,121 29.0% 7,438,121 43.2% 0 0.0% 
CNde Petroleum 3,460,396 135% 976,610 5.7% -2,483,787 29.4% 
Non-Metallic Minerals 1 , ~ , 0 2 0  5.6% 869,682 5.1% 573,338 6.8% 
Forest Producls 160,901 0.6% 159,883 0.9% 1,018 0.0% 
Industrial Chemicals 1,598,829 6.2% 1,040,767 6.1% 558,063 6.6% 
Agricuitural Chemicals 542,787 2.1% 501,034 2.9% 41,753 0.556 
Petroleum Pmducts 7,500,241 29.2% . 3,359,578 19.5% 4,140,663 49.0% 
All Others 1,619,197 63Y0 1,134,456 6.6% 484,741 5.m 

m 
I Total 25,646,445 100% 17,198,109 100% 8,448,338 100% 

-- 

Source: Watehme Commerce Of The United States. 



Table 2 - 2 

1989 lHNC Lock Tonnage 
By Origin And Destination Regions 

Oriain Reaion Tons 

Upper Mississippi &'Missouri 502,395 
Lower Mississippi 2,733,893 
Ohio River & Tribs 7,508,291 
GlWW West (Louisiana Section) 3,733,228 
GlWW West (Texas Section) 1,462,799 
GIWW East (West of Mobile) 9,158,369 
GIWW East (Mobile & East of Mobile) 547,470 

Total 
\ 

25,646,445 

% Of Total 

Destination Reaion Tons % Of Total 

Upper Mississippi & Missouri 
Lower Mississippi 
Ohio River & Tribs 
GlWW West (Louisiana Section) 
GlWW West (Texas Section) 
GlWW East (West of Mobile) 
GlWW East (Mobile & East of Mobile) 

Total 



1989 IHNC LodtTonnage 
By Commodity Group And Origin Region 

Oriain Reoion Commodltv Grow Tons % Of Total 

Upper Mississippi & Missouri Farm Produds 129,850 26% 
Metallic Ores 94.155 1% 
Coal 114,568 % 
Crude Petroleum 0 PA 
Non-Metall~c Minerals 28.277 6% 
Forest Produds 0 0% 
lndustnal Chemicals 65.353 13% 
Agncukural Cham~cals 3,209 1% 
Petroleum Produds 62.181 12% 
All Others 5.C@ 1% 

Lower Mississippi & Missouri 

- Ohio River & Trbs 

Total 

Farm Products 
Metalk Ores 
Coal 
C d e  Petroleum 
Non-Metallic Minerals 
Forest Products 
Industrial Chemicals 
Agriarltural Chemicals 
Petroleum Produds 
All Others 

F a n  Products 
Metalllo Ores 
Caal 
C ~ d e  Petroleum 
Non-Metallic Minerals 
Forest Products 
Industrial Chemicals 
Agricultural Chemicals 
Petroleum Produds 
All Others 

Total 



Table 2 - 3 

1989 IHNC Lock Tonnage 
By Commodity Group And Origin Region 

Origin Reaion Commoditv Group Tons %Of Total 

GlWW West (Louisiana Section) Farm Products 
Metallic Ores 
Coal 
Crude Petroleum 
Non-Metallic Minerals 
Forest Products 
Industrial Chemicals 
Agricukural Chemicals 
Petroleum Products 
All Others 

GlWW West (Texas Section) 

GlWW East (West of Mobile) 

Total 

Farm Products 
Metallic Ores 
Coal 
Crude Petroleum 
Non-Metallic Minerals 
Forest Pmduds 
Industrial Chemicals 
Agricultural Chemicals 
Petroleum Products 
All Others 

Total 

Farm Products 
Metallic Ores 
Coal 
Crude Petroleum 
Non-Metallic Minerals 
Forest Products 
Industrial Chemicals 
Agricultural Chemicals 
Petroleum Produds 
Ail Mhers 

Total 



1989 IHNC Lock Tonnage 
By Commcdily Group And Origin Region 

Orkin Reaion G o r n m d i  Grow Tons % Of Total 

GlWW East ( W l e  & East of Mobile) Farm Produds 
Metallic Ores 
Coal 
C ~ d e  Pettuleum 
Non-Metallic Miner* 
Forest Produrn 
Industrial Chemicals 
Agricultural Chemicals 
Petroleum Produds 
All Olhers 



1989 IHNC Lock Tonnage 
By Commodity Group And Destination Region 

Destination Reaion Commcdii Group Tons % Of Total 

Upper M i i p p i  & Missouri Farm Products 
Metalllc Ores 
Coal 
Crude Petroleum 
Non-Metallic Minerals 
Forest Products 
Industrial Chemicals 
Agricultural Chemicals 
Petroleum Products 
All Others 

Lower M i i s l p p i  & Missouri 

Ohio River & T k s  

Farm Products 
Metal$ Ores 
coal 
Crude Petroleum 
Non-Metallic Minerals 
Forest Produds 
Industrial Chemicals 
Agricultural Chemicals 
Petroleum Pmdvds 
All Others 

Total 

Farm Products 
Metallic Ores 
Coal 
Crude Petmleum 
Non-Metalb Mine& 
Forest Products 
Industrial Chemicals 
Agricultural Chemicals 
Petroleum Produds 
All Others 

Total 1,333,857 10% 



1989 IHNC Lodc Tonnage 
By Commodity Group And Destination Region 

Destination Reaion Commcdii G rou~  Tons % Of Total 

GlWW West (Louisiana Section) 

GlWW West (Texas Section) 

GlWW East (West of Mobile) 

Farm Products 
Metallic Ores 
Coal 
Crude Petroleum 
Non-Metallic Minerals 
Forest Pmducts 
lndustrial Chemicals 
Agricultural Chemicals 
Petroleum Products 
All Others 

Farm Products 
Metallic Ores 
Coal 
Crude Petroleum 
Non-Metallic Minerals 
Forest Pmducts 
Industrial Chemicals 
Agricultural Chemicals 
Petroleum Produds 
All Others 

Total 

Farm Prcducts 
Metallic Ores 
Coal 
Crude Petroleum 
Nan-Metallic Minerals 
Forest Products 
Industrial Chemicals 
Agricultural Chemicals 
Petroleurn Products 
All Others 

Total 



1989 IHNC Lock Tonnage 
By Cammodity Group And Deslhation Region 

Destination Reaion Commdi  Group Tons % Of Total 

GMNV East (Mobde & East cd Mobile) Farm Produds 
Metallic Ores 
Coal 
Crude Petldeurn 
Non-Metallic Minerals 
Forest Products 
Industrial Chemicals 
Agricukural Chemicals 
Pelroleurn Produds 
All Others 



Table 2 - 5 
Commodity Group Definitions 

By Waterborne Commerce Statistics Center 
And Lock Performance Monitoring System Classifications 

> - 1990 1989 
WCSC WCSC LPMS 

1. FARM PRODUCTS .............. Corn ........................ 6344 ................ 0103 81 
Sorghum Grains .............. 6447 ................ 0106 .............. 80 
Wheat ....................... 6241 ................ 0107 .............. 82 
Soybeans .................... 6522 ................ 0111 .............. 83 ..... ... Grains & Oilseeds NEC .. 6442,6443,6445,6521, 0102,0104,0105, 84-87 

6534, 6590 0112,0119 
Other Agri Products .... 6654,6781,6839,6856, ..... 0101,0121-0191 .... 89 

6857,6871,6872,6891, 
6893,6899 ................ .*....... Grain Mill Products .... 6746,6747 2014,2049 88 . ................ ................ .............. Animal Feeds 6782 2042 80 ..... ... Food/Tobacco 6653,6654,6811,6817, ..... 2011-2039,2061- 94 
6822,6835,6838,6839, 2099,2111 

2. METALLIC ORES & PROD .............. ............ ................ Iron Ores & Conc 4410 1011 42 .... ...... ......... Other Metallic Ores 4630,4650,4670,4690 1021-1091 40, 
Iron & Steel Shapes .... 5320,5330,5360.5370 ..... 3314-3317 ......... 43 ..... Other Iron $ Steel Prod 2990,4420,486 b. . . . .  3311-3313,3318, ... 44,46 

5312,5315,5390 3319,4011 .. ...... Nonferrous Metal Prod 4680,5421,542~2,5429 3321-3324,4012. ... 44 ............... Fabricated Metal Prod ....... 5480. 3411 .............. 45 

3. COAL 
Coal ........................ 1100 ................ 1121 .............. 10, 11 

4. CRUDE PETRO ............. ................ .............. Crude Petroleum 2100 1311 21 

5. NONMETALLIC MINERALS ................... ........... Limestone 4322................1411... 51 
....... ........... ......... Stone, Sand, & Gravel 4310,4331 1412,1442 52 

Other Nonmetallic Minerals .. 3271,4323,433 8,...... 1451,1491-1499 .... 50 
4741,4782,4783,4900 

Building Cement ............. 5220 ................ 3241 .............. 61 
Lime.. ...................... 5210 ................ 3271... ........... 62 
Stone, Clay, & Glass ........ 5240,5290 ........... 3211,3251,3281 .... 60 
Waterway Improvemnt Matr1...4335................4118..............51 
Misc Nonmetallic Minrl Prod 5290 ................ 3291 .............. 50 



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 ......................... 4170 2411 92 ................. ................ .............. Rafted Logs 4170 2412 92 ............... ................ .............. Pulpwood Logs 4170 2415 92 ................ .............. Wood Chips & Staves ......... 4161 2416 92 .. Forest & Other Timber Prod 4110,4150,4170, ..... 0841,0861,2413, ... 91 
4190 2414 ..... Lumber Prod & Furniture 4189,5540, 7400 , ..... 2421-2491,2511 .... 92 
7900 ................. .............. Pulp ........................ 4225 2611 93 

. 

.... ................ .............. StanPard Newsprint Paper 5110 2621 93 
Papei & Paperboard .......... 5120 ................ 2631 .............. 93 
Pape Scrap ................. 4225 ................ 4024 .............. 93 ..... Paper & Paperboard, NEC 5190 ................ 2691 .............. 93 

7 . INDUSTRIAL CHEMICALS ...... .... Industrial Chemicals .. 3211.3212.3219.3220. 2810-2861. 2891 30-34 
3230.3240.3250.3260.327 2- 
3276. 3279. 3281-3286. 3292. 
3297-3299.7500. 7600 

8 . AGRICULTURAL CHEMICALS 
'Agricultural Minerals ...... 3190. 4327 ............ 1471. 1479 ......... 53 
Agri~ultural Chemical ...... 3110.312~0.3130. ...... 2871-2879.: ....... 35-39 . . 

.3190. 3291 . 

9 . PETROLEUM PRODUCTS ...........*.... .............. Gasoline ................... 2211. 2911 22 
Jet Fuel & Kerosene ........ 2211. 2221 ............ 2912.2913 ......... 23 
Distillate Fuel Oil ........ 2330 ................. 2914 .............. 24 .......... Residual Fuel Oil 2340 ................. 2915 .............. 25 
Lubricating Oil & Grease ... 2350 ................. 2916 .............. 20 
Naptha & Petroluem Solv .... 242 9. ................ 2917 .............. 26 
Asphalt, Tars, & Pitches ... 2430, 5290 ............ 2918,2931 ......... 26 
Coke & Petroleum Coke ...... 1200, 2540 ............ 2920 .............. 26 ............ Liquefied Gases 2640 ................. 2921 .............. 20 
Other Petro & Coal Prod .... 2410, 2990 ............ 2991 .............. 26 



Table 2 - 5 
Commodity Group ~efinitions 

By Waterborne Commerce Statistics Center 
And Lock Performance Monitoring System Classifications 

1990 1989 
WCSC WCSC LPMS 

10. ALL OTHERS 
Fish & Shellfish ... :.......6134,6136............0911-0913.........70 .............. ...... ................ Unmanufactured Shells 4515. 0931 71 
Basic Textile Prod ......... 6894,7500 ............ 2211t2212t4022....90 .............. Apparel .................... 7500. ................ 2311 90 ............ ......... Rubber,Plastics & Leather .. 7600,7900 3011,3111 99 ............ ......... Machinery .................. 7110,7120 3511,3611 95 .... ......... Transportation Eq~ipment.7210~7220~7230~7900 3711-3791 95 .... MiscelIaneous, NEC ....... 3293,4333,6888,7300 1911,271lt38l1, ... 99 

7800,7900,8900,9900 3911,4029,4111- 
-4113,4119, 9999 

i 



Table 2 - 6 

Shallow-Draft Activity Summary - IHNC Lock 
(1 984 - 1993) 

Average Delay 
Total Traffic Total Number Per Tow 

Year (1.000 Tons) Of Tows (Hours) 

- -- 

Source: Lock Performance Monitoring System. (LPMS) 



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 (GIW 
West miles 0 - 240), 2) the GIWW Morgan City - Port Allen 
Alternate Route, and 3) the GIWW Mobile to New Orleans 
(GIW East miles 0 - 134). The importance of the G I W  
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 combination of petroleum products, industrial 
chemicals and crude petroleum account 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 portion. Virtually nonexistent on the 
western 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 lock. 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 vs 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 



Table 2 - 7 

G l W  Selected Segments 
1989 Tonnage by Commodity Group 

(Internal Traffic) 

Misshippi River Morgan Clty - Mobile Bay - 
Commodities to Sabine FWer 11 %of Total Port Allen Route %of Total New Odeans 21 %of Total 

Forest Pmduds 
Metallic Ores 
Coal 
Ctude Petmleum 
NonMetallic M i n e d  
Forest Produds 
Industrial Chemicals 
Agricultural Chemicals " Petmleum Produds 

' All Others 
P 
LD 

Total 

Source: Waterborne Commerce of the United States, 1989. 

11 Mississippi River to G l W  West mile 266. 

21 Inner Harbor Navigation Canal to GlWW East rnile134. 



Table 2 - 8 

Commodity Group Percentages by Lock - 1989 

Group 
Port Bayou Bayou Leland 
Allen Sorrel IHNC Algiers Harvey Boeuf Calcasieu Bowman 

- --- 

Farm Prod 1.6 1.6 1.9 2.0 9.2 3.9 2.1 2.5 
Metalic Ores 6.6 6.1 5.5 0.8 7.5 3.4 4.7 . 4.7 
Coal 0.1 0.0 28.5 0.0 0.0 0.0 0.0 0.0 
Cmde Petroleum 3.3 3.6 13.3 28.0 12.7 19.3 10.4 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 6.6 8.3 9.8 9.5 25.2 25.8 
Agricunural Chemicals 2.7 2.8 2.1 2.4 0.8 2.1 1.8 2.9 
Petroleum Products 32.6 33.4 29.5 46.5 48.4 50.2 51.5 53.0 
All Other 0.6 0.6 6.3 2.6 2.2 7.9 1.2 1.2 -- -- -- -- --- - - 

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Source: Watebrne Commerce Of The United States 



Table 2 - 9 

Common Traffic Flows Between Locks - 1989 

Lock (traffic from) 
Port ' Bayou Bayou Leland 
Allen Sorrel IHNC Algiers Harvey Boeuf Calcasieu Bowman 

Port Allen 
Bayou Sonel 
IHNC 
Algiers 
H a ~ e y  
Bayou Boeui 
Calcasieu 
Leland Bowman 

Total System 32.2 31.5 31.3 26.6 8.1 32.8 54.6 56.4 



Table 2 - 10 

GlWW Tonnage 
Selected Years. Selected Segments, Total Tonnage 

Mississppi River Morgan Ci - Port Allen Mobile Bay - 
Year to Sabine 11 Alternate Route 21 New Orleans 41 

1 992 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 69292,154 27,072.639 27,267,590 
1987 63,967,724 19,682,861 24,069,572 
1986 64,471,662 25,180,797 23,589.41 4 
1 985 63,092,992 23,150.132 21,577,873 
1 984 55,840,086 21,324,578 20,413,239 
1 983 51,545,852 19,253,008 16,524,665 
1982 50,372,504 17,833,864 15,18421 1 
1981 52,591.854 18,083,914 17,242,703 
1980 54.91 6,394 19,066,976 19,124,329 
1979 55,947,248 20254.735 21,238,833 
1978 61,753,493 18,066,503 22.61 0.406 
1 977 63,277,175 . . 18,456,491 24,795,828 
1 976 59,108,942 18,961,414 23,201,285 
1 975 56,750,361 17,083,459 21,726,203 
1 974 60,839,703 15,895,856 21,307,231 
1 973 62,265,498 14,269,832 19,323,261 
1972 ' 68,904,972 19.1 73.890 '21,613,917 I 

1971 70363,298 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 31 4,065.91 3 

Source: Waterborne Commerce of the United States 

1Mssissippi riverto GMNV west mile 266. 

21 Not included h Mississippi River to Sabine traffic. 

3/ Via Plaquemine Lock, Bayou Plaquemine. Bayou Sorrel Lock 
- and the borrow pit of East Atchafalaya Protection Levee. 

41 Inner Harbor Navigation Canal to GNVW East, mile 134. 



ten-year period 1993 - 1984 for three GIWW segments are 
presented in table 2 - 10a. 
EXISTING AND HISTORICAL DEEP-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 Orleans 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 vast 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 1 9 8 0 ' ~ ~  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 Mississippi 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 Plaquemine 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 
grain) 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 - 1 Oa 

Average Delay by Lock 
1984 - 1993 

( H o w  

Lock 1993 j992 1991 1990 1989 1988 1987 1986 1985 1984 

Porl Allen 
Bayou Sorrel 
IHNC 
Algiers 
Harvey 
Eaycu Boeuf 
Calcasieu 
Leland Bowman 

Source: LC& Performance ~onitoring System (LPMS) 



Wssissippi River 1991 beeporan Tonna* 
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Coashhise 
Total 

Total TolUlEIQ 

Farm 
Metdkaes 6Pmcbdr 
Coal 
CNdePebdeun 
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In- Chemicsls 
&kdW C h e m W  



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 volume, the MR-GO handled less than three 
percent of the Mississippi River total in 1991. 

Table 2 - 13 displays the 1992 distribution of vessel types 
for the Mississippi River and MR-GO. Reflecting the 
significance 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, is quite 
different. The dominant vessel type on the MR-GO is the 
container vessel, accounting for 54.5 percent of total 
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 critical component of the port in 
that it provides access to the port's primary container 
facilities. In fact, the MRGO handles in excess of 90 
percent of all container traffic moving through the port. 
The volume of container traffic through New Orleans has 
increased in recent years to the extent that for 1990, New 
Orleans, traditionally a bulk and breakbulk oriented port, 
ranked as the 14th 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 1974-1992. 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 80ts, 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 1987 
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 Mississippi 
River and MR-GO, respectively. Both distributions show a 
shift over time reflecting a larger vessel emphasis. For 



MRGO 1991 DeepDraft Tonnage 
by Commodity Group 

Foreian Coastwise 
Total 

Imparts Exwrts Total Receiots Shi~ments Total Tonnaqe 

Farm Products 
Metallic Ores & Products 
Coal 
Crude Petroleum 
Nonmetallic Minerals 
Forest Products & Pulp 
Industrial Chemicals 
Agricutlural Chemicals 
Petroleum Products 
All Others 

Total 1,975,000 1.841.000 3.816.000 301.000 732.000 1,033,000 4,849,000 

Source: Waterborne Commerce of the United States 



Table 2 - 13 

1992 Vessel Type Distribution 
(in Percent) 

Vessef Mississippi 
T v ~ e  River MR-GC 

Container 1 .O 54.5 

Tanker 29.4 1.5 

General Cargo 12.8 23.7 

Dry Bulk 56.8 20.3 

Total '1 00.0 100.0 



Mississippi River Deep-Drafl Tonnage 
(1974 - 1992) 

Fweiqn Coastwise 

Year lrnpons Exporn Total Receipts Shipments Total 

1978 98,540,849 67,286,151 165,827,000 14,332,003 17,404538 31,736,541 197,563,541 
1977 96,028,423 59,628,562 155,656,985 9,789.91 9 19,836,015 29,625,934 185,282,919 
1976 67,027,258 59,869.890 126,897,148 8,588,222 17,370,125 25,958,347 152855,495 
1975 45,934,905 47,615,390 93,550,295 8,670,706 21,104,606 29,775,312 123,325,607 
1974 37,329,279 47,089,746 84,419,025 7,624S5 20,711578 28,335,933 112,754,958 

Source: Waterborne Commerce of the United States 



MRGO Deep-DmftTonnage 
(1 960 - 1992) 

Foreiqn Coastwise 

Total 
Year Imports Exports Total Receipts Shipments Total Deep-Draft 

Source: Waterborne Commerce of the United States 



Told 4,707 100.0 5,& 100.0 5,485 100.0 5,524 .100.0 5,215 100.0 5,236 100.0 5 , W  100.0 5,119 100.0 5.503 100.0 5,664 100.0 



Table 2 - 17 
A- 

TOM 493 100.0 634 100.0 664 100.0 582 100.0 677 1lODa B01 100.0 898 100.0 744 100.0 e83 100.0 780 100.0 

Soura:Assedated Branch Plots. 



the Mississippi River, vessels greater than 80,000 dwt 
increased steadily from 1985 (4.5 percent) to 1992 (13.1 
percent), while vessels less than 30,000 dwt decreased by 
approximatelythe 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 change 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 previous 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 vessels 
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 vessels 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 economic reasons for the limited number and sizes 
of deep-draft vessels using IHNC 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, in addition to these economic 
reasons, there are absolute physical restrictions that 
limit the size of vessels 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 IHNC lock. Over this 
period, deep-draft vessels have averaged 171 lockages and 
137,000 tons per year. 



Vessel Trips By Oraft 
Miss River (N.O. to Mouth of passes) 1984-1989 

(Drafts Greater Than 18 Ft) 

Upbound Trips Downbound Trips 

SubTdal 6.516 5.443 5.189 5.756 6.796 6.659 7.118 6,502 8,304 6.432 7,448 7,425 

SOWEB: Waterbeme Commerce of the United States 



Vessel Trips By Draft 
MRGO 1984-1 989 

(Drafts Greater man 18 FI) 

Upbound Trips Downbound Trips 

Draft (ft) 1989 1988 1987 1986 1985 1984 1989 1988 1987 1986 1985 1984 
36 4 5 4 0 1 4 11 6 5 0 3 2 

SubTolal 555 645 663 710 702 778 565 629 607' 729 689 7X) 

Source: Waterborne Commerca of the Unaed States. 



Table 2 - 20 

Deep-Draft Vessel Lockages 
IHNC 1991 

Deadweight ' 
Tonnaoe Dry Bulk General Carao Total 

3,000 0 110 110 

10,000 - 20,000 4 20 24 

Total 5 133 138 



Table 2 - 21 

Deep-Draft Traftic Summary - IHNC Lock 
(1 983 -1 991) 

Deep-Draft 
Tonnage Number of 

Year (1,000) Sh i~s  

~ource:'~ockrnaster Logs, New Orleans District, U.S. Army 
Cops of Engineers. 



PROJECTED SHALLOW-DRAFT TRAFFIC 

OVERVIEW 

System traffic was categorized into ten commodity groups. 
A summary of this classification scheme was presented 
earlier in table 2 - 5. The level 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, crude petroleum, petroleum 
products and industrial chemicals. Metallic ores and 
non-metallic minerals accounted for another 15 percent of 
traffic through the lock. Movements of farm products, 
forest products, agricultural chemicals and miscellaneous 
cargoes were each less than 1 million tons--small volumes 
relative to the 23.5 million tons that passed through the 
lock in that year. A summary of IHNC Lock traffic in 1990 
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 is 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 

IHNC Lock 
1 990 Traffic 

Commodity 

WCSC WCSC 
Unreconciled Reconciled 

Tonnage Percent Tonnage Percent 

Farm Products 371,118 1.63% 560,011 2.38% 

Metallic Ores 
And Products 

Coal 

Crude Petroleum 

Non-Metallic 
Minerals and Products 

Forest Products 

Industrial Chemicals 

Agricultural Chemicals 

Petroleum Products 

Miscellaneous 

Total 22,722,796 100.00% 23,492,396 100.00% 

Source: Waterborne Commerce of the United States 



Table 2 : 23 

System Tonnags by Commodity For 
Selected Waleway Segments 

U.S. Inland G I W  Mississippi River GIWW: Mobile Bay. Ala. Innerharbor Navigation 
Traffic Total To Sabine River To New Orleans, L a  Canal Ladc 

Percent Pe& Percent Percent 
Percent Percent of Percant of Percent of of 
of of U.S. of U.S. of G W -  U.S. 
1990 1990 1990 1990 1990 1990 East 1990 

CMnmadihr Tonnaae Tonnaae Tonnaae Tonnaaa Tonnaae Ton- Tonnme T o m  

Farm Produds 

MetalE Ores 
And Produc(s 

Crude Petroleum 

NokMetaflic 
Minerals and Products 

Forest Produds & Pulp 

Industrial Chemicak 

Agticultural Chemicals 

Pelmleum Products 

Mmlhneous 2.0% 3.9% 22.i% 2.4% 52% 2.4% 89.5% 4.6% 

Total 100.0% 100.0% l l i %  , 100.0% 43% 3% . 100.60A 881% . 3.W 1 

Sources: 1. Waterbane Commerce of the Unted States 
2. The 1992 Inland Watelway Review - October 1992 



segment of t h e  GIWW. A comparison of t r a f f i c  f o r  these  two 
segments shows t h a t  an overwhelming majori ty of t r a f f i c  on 
t h e  Mobile t o  New Orleans segment i s  common t o  the  IHNC 
Lock. I n  f a c t ,  among t h e  major commodity groups, t h e  
lowest l e v e l  of common t r a f f i c  is found among petroleum 
products where nearly 75 percent  of G I W W  t r a f f i c  f o r  th is  
group t r a n s i t s  t h e  IHNC Lock. Reported t r a f f i c  f o r  t h e  
Mobile t o  N e w  Orleans segment is  strongly representa t ive  of 
t r a f f i c  through the  IHNC Lock. 
A review of commodity-specific t r a f f i c  flows over t h e  l a s t  
decade on t h e  Mobile t o  New Orleans segment, as summarized 
i n  Table 2 - 24, confirms e a r l i e r  observation t h a t  coal ,  
crude petroleum, petroleum products and i n d u s t r i a l  
chemicals dominate t r a f f i c  through t h e  IHNC Lock. A 
s imi l a r  concentration of t r a f f i c  i n  these  commodity groups 
e x i s t s  f o r  t r a f f i c  on t h e  Mississippi  River t o  Sabine 
segment of t h e  GIWW, with t h e  exception of coa l  which shows 
in s ign i f i can t  volumes. In  view of t h e  f a c t  t h a t  these  four  
groups represent  a l a rge  majority of system t r a f f i c ,  
p ro jec t ions  f o r  these  commodities i n  l a rge  measure d i c t a t e  
t h e  l e v e l  of t o t a l  system t r a f f i c .  Because of t h e i r  
importance, t r a f f i c  p ro jec t ions  f o r  these  groups must be 
reg iona l ly  focused and s p e c i f i c  t o e x i s t i n g  
or ig in-des t inat ion p a t t e r n s  i n  order t o  be meaningful. 

PROJECTIONS OF COAL TRAFFIC 

Background 

Waterborne Commerce s t a t i s t i c s  reported t h a t  7,999,000 tons  
of coal  t r a n s i t e d  t h e  IHNC Lock i n  1990,  which represented 
over 35 percent  of shallow-draft t r a f f i c  through t h e  lock 
i n  t h a t  year. The volume of coal  t r a f f i c  on t h e  system 
t h a t  does not t r a n s i t  IHNC i s  negl ig ib le .  The pro jec t ion  
of f u t u r e  coal  t r a f f i c  is, therefore ,  a very important 
component of aggregate lock tonnage pro jec t ions .  O f  t h e  
near ly  e igh t  mi l l ion  tons  of coal  t h a t  t r a n s i t e d  t h e  lock 
i n  1990 ,  9 1  percent was des t ined f o r  four  e l e c t r i c  u t i l i t y  
p l a n t s  located  i n  Miss iss ippi  and Flor ida .  These 
f a c i l i t i e s  generate t h e  energy needed t o  operate steam 
turb ines  by burning coal  which i s  cur ren t ly  mined i n  t h e  
North Appalachian, Central  Appalachian and I l l i n o i s  bas ins  
and t ranspor ted  by barge v i a  t h e  Ohio and Miss iss ippi  
Rivers and t h e  Gulf In t r acoas t a l  Waterway. Although coa l  
t r a f f i c  through IHNC is l a rge ly  dependent upon t h e  demand 
f o r  energy among a r e l a t i v e l y  small number of f a c i l i t i e s ,  
these  u t i l i t i e s  seek t o  ensure fu tu re  suppl ies  a t  s t a b l e  
p r i ce s  by negot ia t ing  multi-year contrac ts .  A s  a r e s u l t ,  
r e l a t e d  coal  tonnage through t h e  lock has var ied  l i t t l e  
from year  t o  year.  According t o  WCSC, t o t a l  annual coa l  
t r a f f i c  t o  these  s p e c i f i c  f a c i l i t i e s  averaged 7,470,000 
tons  from 1985 t o  1 9 9 0  and over t h i s  period, annual 
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d e l i v e r i e s  t o  t h e s e  l o c a t i o n s  d i d  no t  va ry  by more than  
e i g h t  p e r c e n t  from t h e  average.  Approximately 95 pe rcen t  
of  t h i s  tonnage was rou ted  through IHNC. O f  t h e  133.2 
m i l l i o n  t o n s  o f  coa l  t h a t  t h e  U . S .  Department of Energy 
(DOE) r e p o r t e d  was t r a n s p o r t e d  by barge i n  1 9 9 0  t o  e l e c t r i c  
u t i l i t i e s  nationwide,  7 .3  m i l l i o n  (5 .5  p e r c e n t )  was rou ted  
through t h e  I H N C  Lock. 

Fu tu re  Coal Demand 

Fu tu re  coa l  t r a f f i c  through t h e  I H N C  is l a r g e l y  a  func t ion  
o f  t h e  p r o j e c t e d  consumption of c o a l  by f o u r  steam p l a n t s  
l o c a t e d  i n  Mis s i s s ipp i  and F l o r i d a .  The f a c t o r s  t h a t  
a f f e c t  t h e  long-run demand f o r  c o a l  among t h e  u t i l i t i e s  
t h a t  o p e r a t e  t h e s e  p l a n t s  a r e  common t o  t h e  i n d u s t r y  a s  a  
whole. Although, u t i l i t i e s '  c o a l  demand commonly r e f l e c t s  
t h e  r e g i o n a l  demand f o r  e l e c t r i c i t y ,  t h e  industry-wide 
demand f o r  c o a l  i n  t h e  f u t u r e  w i l l  be  f u r t h e r  condi t ioned  
by t h e  manner i n  which u t i l i t i e s  comply w i t h  t h e  emission 
s t a n d a r d  mandated by t h e  Clean A i r  Act Amendments of  1 9 9 0 .  
This  s t a n d a r d  r e q u i r e s  coal-burning f a c i l i t i e s  t o  reduce 
su lphur -d iox ide  emiss ions  t o  2 .5  pounds f o r  each one 
m i l l i o n  B r i t i s h  Thermal U n i t s  (BTUs)  o f  t o t a l  energy 
consumed beginning i n  t h e  year  1995 and t o  h a l f  t h a t  amount 
i n  t h e  y e a r s  2000 and beyond. E f f o r t s  t o  comply wi th  t h i s  
l e g i s l a t i o n  w i l l  e f f e c t ,  on a  n a t i o n a l  l e v e l ,  changes i n  
t h e  demand f o r  coa l ,  t h e  demand f o r  waterborne 
t r a n s p o r t a t i o n  of coa l ,  and t h e  p a t t e r n  of c o a l  f lows over 
t h e  n a t i o n ' s  waterways. 

O f  t h e  f o u r  f a c i l i t i e s  p r e v i o u s l y  mentioned, one (Company 
A) was des igned  and c o n s t r u c t e d  under s t r i n g e n t  r e g u l a t o r y  
g u i d e l i n e s  which ensures  , t h a t  su lphur  emiss ions  w i l l  be 
wi th in  t h e  range s p e c i f i e d  i n  t h e  1990 l e g i s l a t i o n .  This  
u t i l i t y  is t h e r e f o r e  n o t  r e q u i r e d  t o  t a k e  any f u r t h e r  
a c t i o n s  w i t h  r e spec t  t o  compliance wi th  t h e  emiss ions  
s t a n d a r d s .  This  f a c i l i t y  accounts  f o r  a  cons ide rab le  
p o r t i o n  of a l l  coa l  t r a f f i c  through t h e  IHNC lock  and t h u s  
r e p r e s e n t s  an  important  f a c t o r  i n  t h e  development of 
t r a f f i c  p r o j e c t i o n s  f o r  c o a l .  

I n  c o n t r a s t ,  t h e  remaining t h r e e  p l a n t s  do n o t  c u r r e n t l y  
comply wi th  t h e  sulphur  emiss ion  s t anda rd .  These p l a n t s  
c u r r e n t l y  burn c o a l  t h a t  i s  r e l a t i v e l y  h igh  i n  su lphur  
con ten t  wh i l e  l ack ing  t h e  p o l l u t i o n  c o n t r o l  dev ices  
necessary  t o  b r i n g  t h e  q u a n t i t y  o f  su lphur  emiss ions  w i th in  
t h e  r e g u l a t o r y  s t anda rd .  I n  o r d e r  t o  comply wi th  t h e  
emiss ion s t a n d a r d  i n  1995, two o f  t h e  remaining u t i l i t i e s  
(Companies B and C)  i n d i v i d u a l l y  a s se s sed  s e v e r a l  op t ions  
which a r e  summarized below. 



F i r s t ,  t h e  u t i l i t i e s  could s u b s t i t u t e  low-sulphur c o a l  f o r  
h igh-sulphur  c o a l .  The Tennessee Va l l ey  Author i ty  and t h e  
I n s t i t u t e  f o r  Water Resources have i n d i c a t e d  t h a t  between 
2 5  t o  3 0  p e r c e n t  more low-sulphur c o a l  i s  r e q u i r e d  t o  y i e l d  
t h e  same BTU ou tpu t  of a g iven  q u a n t i t y  of  high-sulphur 
c o a l .  Low-sulphur c o a l  i s  mined i n  t h e  Powder River  b a s i n  
(Montana and Wyoming), C e n t r a l  Appalachia (West V i r g i n i a ,  
Kentucky and Tennessee) and, t o  a much s m a l l e r  e x t e n t ,  i n  
t h e  I l l i n o i s  b a s i n  ( I l l i n o i s ,  Ind iana  and Kentucky) .  
Low-sulphur c o a l  imported from South America i s  an 
a l t e r n a t i v e  t o  domest ic  sou rces ,  a l though  t h e  u t i l i t i e s  
have s t a t e d  t h a t  t h e y  would n o t  r e l y  on import c o a l  a s  t h e  
s o l e  sou rce  of  supply.  Furthermore,  mixing of imported 
c o a l  w i th  a domest ic  source  may b e  r e q u i r e d  which would 
most l i k e l y  be  conducted a t  a  Lower M i s s i s s i p p i  River  
l o c a t i o n  where adequate  l a n d s i d e  space i s  a v a i l a b l e  f o r  
t h i s  p r o c e s s .  I n  e i t h e r  case  o f  domest ic  o r  imported c o a l ,  
t h e  s t r i c t  s u b s t i t u t i o n  of low-sulphur f o r  high-sulphur 
c o a l  would l i k e l y  gene ra t e  a n e t  i n c r e a s e  i n  c o a l  t r a f f i c  
through t h e  IHNC lock f o r  t h e  same l e v e l  of  e l e c t r i c i t y  
demand. Company B views a swi t ch  t o  low-sulphur c o a l  a s  
i t s  most l i k e l y  course  of  a c t i o n  whi le  company C sugges t s  
t h a t  it w i l l  s u b s t i t u t e  low-sulphur c o a l  f o r  a t  l e a s t  a  
p o r t i o n  of  i t s  t o t a l  energy demand. 

Second, n a t u r a l  g a s  can s u b s t i t u t e  f o r  c o a l  t o  reduce 
annual  s u l p h u r  emiss ions  t o  a l e v e l  w i t h i n  t h e  al lowed 
s t a n d a r d .  I n  t h i s  case ,  Company B would be  r e q u i r e d  t o  
r e t r o f i t  i t s  e l e c t r i c i t y  g e n e r a t i n g  u n i t s  w i t h  g a s - f i r e d  
bu rne r s ,  an o p t i o n  which t h e  company has  s t a t e d  is n o t  
under c o n s i d e r a t i o n .  I n  c o n t r a s t ,  most u n i t s  a t  t h e  p l a n t  
ope ra t ed  by Company C a l r e a d y  posses s  t h e  c a p a b i l i t y  t o  
swi t ch  between c o a l  and n a t u r a l  g a s  and t h e  company p l a n s  
t o  ex tend  t h i s  c a p a b i l i t y  t o  t h e  remaining u n i t s .  I t  is  
p o s s i b l e  t h a t  c o a l  consumption a t  t h i s  p l a n t  w i l l  f a l l  and 
t h a t  p r o j e c t i o n s  of  c o a l  t r a f f i c  through t h e  IHNC l ock  
would r e f l e c t  t h e  degree  t o  which t h i s  occurs .  However, 
n a t u r a l  g a s  would n o t  e n t i r e l y  r e p l a c e  c o a l  and a r e d u c t i o n  
i n  t h e  s u l p h u r  con ten t  of t h e  r e s i d u a l  c o a l  would s t i l l  be  
r equ i r ed .  I n  t h e  p a s t ,  Company C burned more n a t u r a l  gas  
and less c o a l  d u r i n g  pe r iods  where n a t u r a l  gas  p r i c e s  w e r e  
comparat ively  low, r e f l e c t i n g  s e a s o n a l  o r  c y c l i c a l  market 
c o n d i t i o n s .  To t h i s  e x t e n t ,  t h e  demand f o r  c o a l  i s  
i n v e r s e l y  r e l a t e d  t o  t h e  demand f o r  n a t u r a l  gas .  Act ions  
t h a t  a r e  r e q u i r e d  t o  conform t o  t h e  c l e a n  a i r  s t a n d a r d  w i l l  
no t  change t h e  n a t u r e  of t h i s  p r a c t i c e .  

Third ,  bu rn ing  f a c i l i t i e s  can  be  f i t t e d  w i th  s c rubbe r s  
which a r e  des igned  t o  remove s u l p h u r  p a r t i c l e s  by t r e a t i n g  
t h e  p o l l u t a n t s  p r i o r  t o  emiss ion .  The mul t i -mi l l i on  d o l l a r  
c o s t  of  t h e s e  dev ices  r e p r e s e n t s  a very  l a r g e  up-front  
c a p i t a l  expend i tu re  which must be  compared t o  a l t e r n a t i v e s  



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 volatility 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 coal. In 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. Nelther 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 neplaced 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 coal with low-sulphur coal and 
natural gas in proportions which the utility has not yet 
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 Coal Traffic Through IHNC 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 coal will be required for 
every ton of high-sulphur coal 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 utilities 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 is 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 oil and natural gas resources 
of 94 billion barrels and 892 trillion cubic feet, 
respectively. 

In addition to the Reference Case, three alternative 
macroeconomic cases are identified (World Oil Prices, 
Economic Growth and Oil and Gas Recovery) which represent 
independent conditions that shape the production and 



Table 2 - 25 

Growth Factors for Coal Consumption 
By Electricity-Generating Facilities 

Southeastern United States 

Case 

Growth Factors 

1990 2000 
Scenario To 2000 To 201 0 

Averacre Annual Growth 

Reference 1.09 1.16 0.91% 1,52"/0 
World Oil Prices High 1.10 1.15 0.92% 1.44% 
World Oil Prices Low 1.10 1.17 0.91% 1.54% 
Economic Growth High 1.10 1 20 0.95% 1.87Y0 
Economic Growth Low 1.09 1.09 0.90% 0.86Y0 
Oil and Gas Recovery High 1.09 1.17 0.91% 1 .%YO 
Oil and Gas Recovery Low 1.10 1.21 0.9% 1.96% 

Source: Supplement to the Annual Energy Outlook - 1993. 
Energy Information Administration 
U.S. Depahent of Energy 



consumption of energy and related products. For each case, 
a high and low growth scenario is specified. 

The World Oil 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 oil 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 of economic 
growth in 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 
product-s 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 Oil and Gas Recovery Case reflects the inherent 
uncertainties surrounding estimates of domestic oil and gas 
resource estimates. While the quantity of oil 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 scenario represents the quantity of reserves 
prevailing at the 95th percentile reserve estimate and the 
low scenario represents the quantity of reserves prevailing 
at the 5th percentile reserve estimate. The high scenario 
is consistent with economically recoverable reserves of 126 
billion barrels of crude oil and 1,125 trillion cubic feet 
of natural gas. Under this scenario, coal consumption 
remains essentially unchanged. The low scenario is 
consistent with economically recoverable reserves of 75 
billion barrels of crude oil 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 oil 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 coal traffic through the system. 

The growth factors for coal under the high economic growth 
scenario and the high oil 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. One of the utilities 
has indicated that imports of low-sulphur coal from 
Venezuela through the Lower Mississippi River represented 
an alternative to Central Appalachian coal, although the 
switch to low-sulphur Central Appalachian coal 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 coal, 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 



Table 2 - 26 

~acroeconomic' Assumptions 
For Reference Case And Projection Scenarios 

Economidlv Recoverable 

case 

GDP World Oil in Gas in 
Annual Oil Price Billion Trillion 

Scenario Gmwth PerBbl Bbls CUR 

Reference 
World Oil Prices 
World Oil Prices 
Economic Growth 
Economic Growth 
Oil and Gas Recovery 
Oil and Gas Recovery 

High 
Low 
High 
Low 
High 
Low 

Notes: A $19-23 for the 1990's and rising to $29 by 201 0. 
"'1 $19 in 1991 and rising to 38 in 2010. ; 
AM Falling to $1 4 by 1999 and rising to $1 8 by 201 0. 

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



Table 2 - 27 
Projected Coal Traffic 

IHNC Lock 
(In Thousands of Short Tons) 

Annual 
Growth Proiection Years 

Projection 1990- 2000- 
Scenario 2000 2010 1990 2000 2010 2020 2030 2040 2050 2060 

Reference 2.6% 1.5% 7,999 10,308 11.987 13,940 16,210 18,850 21,920 25.491 
o i l  Price - High 2.6% 1.4% 7,999 10,320 11,909 13,742 15.858 18,299 21,116 24,366 
Oil Price - Low 2.6% 1.5% 7,999 10,314 12,023 14,016 16,338 19,045 22.201 25,879 
Econ Growth- High 22% 1.9% 7,999 9,964 11,992 14,432 17,369 20,9W 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 
0G Recovery-High 02% 15Y0 7,999 8,199 9,554 11.132 12,971 15,114 17.611 20,521 
OGRecovery-Low 26% 20% 7,999 10,320 12.535 15,225 18,491 22,459 27,279 33,132 



t h a t  it would consume under the Reference Case, s h i f t i n g  
t h e  remainder of  t h e i r  energy requirements  t o  n a t u r a l  gas  
which would be shipped by p i p e l i n e .  

PROJECTIONS OF CRUDE PETROLEUM TRAFFIC 

Background 

a .  Gulf I n t r a c o a s t a l  Waterway: Mobile Bay, Ala .  To 
New Orleans ,  La. I n  1990, 2,291,000 t o n s  of crude 
petroleum t r a n s i t e d  t h e  IHNC Lock, r e p r e s e n t i n g  n e a r l y  t e n  
pe rcen t  of  t o t a l  lock  t r a f f i c .  Approximately 9 0  p e r c e n t  of  
t h e  c rude  petroleum r o u t e d  through t h e  IHNC i n  1 9 9 0  was 
d e s t i n e d  f o r  e i g h t  s p e c i f i c  f a c i l i t i e s  on t h e  Lower 
M i s s i s s i p p i  River ,  G I W W - W e s t  and i n  Mobile, Ala .  Crude 
petroleum d ischarged  a t  t h e s e  l o c a t i o n s  a r e  used a s  
feeds tock  f o r  l o c a l  r e f i n e r i e s  which have s t r ict  
requi rements  w i t h  r e s p e c t  t o  t h e  grade and composit ion of 
t h e  petroleum used i n  t h e i r  o p e r a t i o n s .  

The IHNC Lock averaged 2,215,000 t o n s  of c rude  petroleum 
f o r  t h e  p e r i o d  1980 th rough  1990. This e s t i m a t e  was based  
on Waterborne Commerce s t a t i s t i c s  f o r  t h e  Mobile t o  N e w  
Orleans  segment of  t h e  GIWW s i n c e  v i r t u a l l y  a l l  c rude  
petroleum t r a f f i c  on t h i s  segment a l s o  t r a n s i t e d  t h e  IHNC 
l ock .  Table  2-24 shows t h a t  c rude  petroleum t r a f f i c  on 
t h i s  segment grew s t e a d i l y  from 1982 t o  1987 and h e l d  
cons t an t  th rough  1 9 8 9  b e f o r e  f a l l i n g  s i g n i f i c a n t l y  i n  1990. 
An i n s p e c t i o n  o f  1 9 8 9  Waterborne Commerce d e t a i l e d  r eco rds  
i n d i c a t e s  t h a t  between 50 and 60 p e r c e n t  of IHNC Lock 
t r a f f i c  i s  common t o  t r a f f i c  on t h e  G I W W  w e s t  of  t h e  
M i s s i s s i p p i  R i v e r .  

b. Gulf I n t r a c o a s t a l  Waterway: M i s s i s s i p p i  River  To 
Sabine R i v e r .  Most crude petroleum t r a n s p o r t e d  on waterway 
system d e f i n e d  f o r  t h i s  s tudy  i s  a s s o c i a t e d  wi th  t h e  
Louis iana s e c t i o n  of t h e  G I W W  w e s t  of  t h e  M i s s i s s i p p i  
River .  A s  r e p o r t e d  by Waterborne Commerce i n  t a b l e  2 - 24, 
t h i s  segment averaged 14 .5  m i l l i o n  t o n s  from 1980 th rough  
1990. Table  2 - 24 a l s o  shows t h a t  crude petroleum t ra f f ic  
grew s t e a d i l y  from 1981 t o  1986, a f t e r  which r e p o r t e d  
tonnage e x h i b i t e d  an e r r a t i c  p a t t e r n ,  i n d i c a t i n g  no 
tendency f o r  growth o r  d e c l i n e .  

P r o j e c t i o n s  of Crude Petroleum T r a f f i c  

a .  Crude T r a f f i c  Not Common With t h e  IHNC. Because 
growth i n  c rude  petroleum t r a f f i c  on t h e  GIWW was 
i n c o n s i s t e n t  from 1987 th rough  1990, t r e n d  a n a l y s i s  cannot 
s e r v e  a s  a b a s i s  f o r  p r o j e c t i n g  f u t u r e  t r a f f i c .  I n s t ead ,  
p r o j e c t i o n s  of c rude  petroleum t r a f f i c  on t h e  G I W W  should  
r e f l e c t  t h e  expec ted  l e v e l  o f  r eg iona l  c rude  pe t ro leum 



product ion.  P ro jec t ions  of crude petroleum product ion i n  
t h e  years  2000 and 2010 were prepared by DOE and a r e  used 
i n  t h i s  a n a l y s i s  t o  represent  f u t u r e  growth i n  waterborne 
t r a f f i c  i n  crude petroleum. 

DOE p r o j e c t i o n s  f o r  crude o i l  production wi th in  t h e  
con t inen ta l  United S t a t e s  a r e  disaggregated t o  s i x  regions 
one of which, t h e  Gulf Coast region ( rep resen t ing  Flor ida ,  
Alabama, Miss i s s ipp i ,  Louisiana and Southeastern Texas), 
was s e l e c t e d  t o  represent  a c t i v i t y  on t h e  G I W W .  In  
add i t ion  t o  t h e  Reference Case, petroleum supply 
p ro jec t ions  inc lude  high and low growth scenar ios  f o r  each 
of t h r e e  macroeconomic cases  which were desc r ibed  i n  d e t a i l  
i n  t h e  preceding sec t ion .  DOE a l s o  prepared separa te  
p r o j e c t i o n s  f o r  onshore and o f f shore  product ion.  Onshore 
production estimates were chosen t o  r ep resen t  f u t u r e  
t r a f f i c  growth on t h e  GIWW s i n c e  the t r a n s p o r t a t i o n  of 
petroleum e x t r a c t e d  o f f shore  is  f a r  more l i k e l y  t o  b e  
as soc ia ted  with p i p e l i n e s .  Estimates of t h e  number of 
barrels of crude o i l  produced from onshore f i e l d s  loca ted  
i n  t h e  gul f  reg ion  and t h e  a s soc ia ted  growth f a c t o r s  f o r  
the Reference Case and a l l  o t h e r  scenar ios  a r e  d e t a i l e d  i n  
t a b l e  2 - 28. The growth f a c t o r s  t h a t  p r e v a i l  i n  the year  
2010 a r e  used a s  the growth f a c t o r s  f o r  the remainder of 
t h e  s tudy per iod .  

b. crude T r a f f i c  Through t h e  IHNC Lock. DOE 
p r o j e c t i o n s  of crude petroleum production i n  t h e  gu l f  
region were a l s o  used t o  e s t ima te  f u t u r e  crude petroleum 
t r a f f i c  through t h e  IHNC Lock. I t  must be recognized, 
however, t h a t  crude t r a f f i c  through the IHNC Lock is  
p a r t i a l l y  independent of t h e  crude t r a f f i c  through t h e  
remainder of the system. T h i s  p a r t i a l  independence is 
r e f l e c t e d ,  i n  some measure, i n  t h e  d i f f e r e n t i a l  growth 
r a t e s  i n  crude t r a f f i c  between t h e  IHNC Lock and t h e  GIWW 
west of the  Miss i s s ipp i  River over t h e  previous  decade. A s  
mentioned e a r l i e r ,  crude petroleum t r a f f i c  through t h e  IHNC 
Lock grew s t e a d i l y  from 1982 t o  1987 and h e l d  cons tant  
through 1989 be fo re  dec l in ing  s i g n i f i c a n t l y  i n  1990. I n  
con t ras t ,  crude petroleum t r a f f i c  on t h e  Miss i s s ipp i  River 
t o  Sabine segment of t h e  GIWW, while growing s t e a d i l y  from 
1981 t o  1986, f l u c t u a t e d  f o r  t h e  remaining f o u r  years  of 
t h e  decade. While t h e  f a c t o r s  tha t  determine the l e v e l  of 
r eg iona l  waterborne t r a n s p o r t a t i o n  i n  crude petroleum may, 
i n  the long run, equal ly  a f f e c t  t r a f f i c  through t h e  lock 
and t h e  remainder of t h e  system, t h e s e  f a c t o r s  have not  
r e su l t ed ,  according t o  r ecen t  da ta ,  i n  s i m i l a r  t r a f f i c  
p a t t e r n s  between t h e s e  two segments. 

c. System Traff ic  f o r  Crude Petroleum. T h e  growth 
f a c t o r s  appearing i n  t a b l e  2 - 28 were app l i ed  t o  t h e  1990 
base t r a f f i c  t h a t  was routed through both t h e  IHNC Lock and 



Table 2 - 28 
C ~ d e  Oil ProdudDn 

Gulf of Mexico - Onshore 
Gulf lniracoastal Watmway 

Mississippi R i r  to Sabine River 

Millions of Banelk Per Day 
[Annual Growth Rate) 

Reference Case 

World Oil Price Case 
High 

Low 

Oil&GasR~aweryCase 
Hgh 

Low 

Reference Case 

W d  Oil Ptim Case 
Hgh 
Low 

Ecnnomic Orowlh Case 
Hgh 
Law 

Oil & Gas Recovery Case 
High 
Low 

Gmwth Factors 

0.689 1282 

Souroe: Supplementto the Annual Energy Outbok - 1993 
Energy Information Pdministratbn 
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. 

PROJECTIONS OF PETROLEUM PRODUCTS TRAFFIC 

Background 

In 1990, 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 oil; residual fuel oil; 
lubricating oil and greases; naphtha and petroleum 
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 Outlook (AEO) 
which was published in 1993. In 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 Traff ic 

Reference 
Oil Price - High 
Oil Price - Low 
Econ Growth- High 
Econ Growth - Low 
O/G Recovery-High 
O/G Recovery- Low 

System Traffic 

Reference . 
Oil Price - High 
Oil Price - Low 
Econ Growth- High 
Econ Growth - Low 
O/G Recovery-High 
O/G Recovery- Low 



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

The AEO contains estimates of current and future 
consumption of gasoline, jet fuel, distillate fuel oil, 
residual fuel oil, liquefied petroleum gas and other 
petroleum products expressed in BTUs. Furthermore, the AEO 
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, Ohio, Wisconsin). From the AEO 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 Oil Price Case, the Economic Growth Case and the 
Oil Recovery Case. As with the projections for coal and 
crude, for each of these cases a high growth and a low 
growth scenario was considered. The comprehensive set of 
growth factors derived from the AEO 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 is 
provided in table 2 - 31. 
PROJECTIONS OF WATERWAY TRAFFIC IN OTHER COMMODITY GROUPS 

Background 

Together, coal, 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 Other 

1990 - 2000 
South Atlantic 
Southwest 
Midwest 

2000 - 2010 
South Atlantic 
Southwest 
Midwest 

High Oil Price Gasoline Jet Fuel Distillate Residual LPG Other 

1990 - 2000 
South Atlantic 
Southwest 
Midwest 

2000 - 201 0 
South Atlantic 
southwest 
Midwest 

Low Oil P~ice Gasoline Jet Fuel Distillate Residual LPG Other 

1990 - 2000 
' South Atlantic 
southwest 
Midwest 

2000 - 2010 
South Atlantic 
Southwest 
Midwest 

High Econarnic Growth Gasoline Jet Fuel Distillate Residual LPG Other 

1990 - 2000 
South Atlantic 
Southwest 
Midwest 

2000 - 2010 
South Atlantic 
Southwest 
Midwest 



Table 2 - 30 
(Cont) 

LOW Economic Growth Gasoline Jet Fuel Distillate Residual LPG Other 

1990 - 2000 
South Atlantic 
southwest 
M i i s t  

2000 - 201 0 
South Atlantic 
Southwest 
Midwest 

- 
High Oil Recovery Gasoline Jet Fuel Distillate Residual LPG Other 

1990 - 2000 
South Atlantic 
Southwest 
Midwest 

2000 - 201 0 
South Atlantic 
southwest 
Midwest 

Low Oil Recovery Gasoline Jet Fuel Distillate Residual LPG, Other ' 
--- 

1990 - 2000 
South Atlantic 
Southwest 
Midwest 

2000 - 2010 
South Atlantic 
Southwest 
Mildwest 

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



Table 2 - 31 

Projected Petroleum Produds Traffic 
(In Thousands of Short Tons) 

- 

Anrual 
Rate of Growth Proiecfion Years 

Pmjection 1990- ' 2000- 
Scenario 2000 2010 1990 2000 2010 2020 2030 2040 2050 2060 

IHNC Lock Traffic 

Reference 1.5% 1.0% 6,001 6,963 7,683 8,521 9,497 10,641 12,106 13,571 
Oil Price - High 1.1% 0.9% 6,001 6,722 7,338 8,046 8,862 9,806 10,987 12,167 
Oil Price - Low 3.4% 1.0% 6,001 8.415 9,311 10,421 11,839 13,736 17,185 2 0 . d  
E m  Growth- High 2.1% 0.8% 6,001 7,359 7,964 8812 9,939 11,398 13,506 15,613 
Econ Growth - Low 1.0% 1.2% 6.001 6.607 7,434 8,455 9,728 11,330 13,663 15,995 
WG Recovery-High 1.5% 0.9% 6,001 6,955 7,637 8,427 9.346 10,420 11,786 13,151 
OIG Recovery- Low 1.5% 1.0% 6,001 6,982 7,719 8,575 9573 10,741 12234 13,727 

system Traffic 

Reference 1.1%' 0.9% 23,512 26,333 28.794 31,634 34,912 38.696 43.444 48,192 
Oil Price - High 2.2% 1.1% 23,512 29,187 32,596 36,857 42,447 50,304 66.443 82,!jP- 
Oil P h x  - Low 0.8% 0.8% 23,512 25,538 27,692 30,159 32,984 36,222 40,233 44; 
&n Growtk High 1 .% 0.9% 23,512 26,367 28,901 31,811 35,612 39,026 43,863 4 8 . n ~  
Ewn Growth - Low 1.1% 0:9% 23,512 26,291 28,714 31,489 34,675 38,340 42,903 47,466 
WG R e ~ ~ ~ r y - H i g h  0.8% 0.8% 23,512 25,429 27,580 30.083 33.019 36,489 41,042 45,595 
OIG Rewvely- Low 1.5% 1.0"/0 23,512 27,240 30.114 33,605 37,818 42,804 49,573 56,261 



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. In fact, the movement of industrial chemicals on 
this segment of the GIWW accounted for 37 of 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 5. 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 1990 base tonnage to 
yield 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 1992 
Inland Waterwav 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 
Comrnoditv Grou~ (In Millions of Short Tons) Annual Growth Rate 

Farm Products 

Metallic Ores 
And Products 

Nan-Metallic 
Minerals and Products 76.0 : 79.9 

Forest Products & Pulp 21.2 I 24.9 
I 

Industrial Chemicals 34.7 : 45.8 
i .  

Agricultliral Chemicals 12.9 ' ! 17.4 

All Other Cbmrnodies 
Non-Shell 23.2 20.8 22.3 -1.1% . . .0.7% 

\ 
Sources: 1. Data Resources (DRI). 

2. WEFA Group (formerly ~har tAn and Chase Econometrics). 
3. U.S. Department of Agriculture (USDA). 
4. U.S. Department of Energy (DOE). 
5. Various trade associations. 



Table 2 - 33 

U.S. Inland Waterway 
Commodity Movements 

Low Growth Scenario 

Commodity Movements 
Commoditv Groua (In Millions of Short Tons) Annual Growth Ratg 

Farm Products 

Metallic Ores 
And Products. 

Non-Metallic 
Minerals and Products 

Forest Products & Pulp 

Industrial Chemicals 

Agricultural Chemicals 

All Other Commodities 
Non-Shell 

Sources: 1. Data Resources (DRI). 
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. j 



Table 2 - 34 

U.S. Inland Waterway 
Commodity Movements 

High Growth Scenario 

Commodity Movements 
Commodii Grou~ ' . fln Millions of Short Tons) Annual Growth Rate 

Farm Products 

Metallic Ores 
And Produds 

Non-Metallic 
Minerals and Products 77.5 ' 81.9 

Forest Products & Pulp 24.4 1 26.1 

Industrial Chemicals 

Agricultural Chemicals 

All Other Commodities 
Non-Shell 

Sources: 1. Data Resources (DRI). 
2. WEFA Group (formerly Wharton and Chase Econometrics). 
3. U.S. Department of Agticulture (USDA). 
4. U.S. Department of Energy (DOE). 
5. vati0u.S trade asso~iati~n~. , 



d e p l e t i o n  of s h e l l  r e sou rces ,  r e f l e c t e d  by a 71 pe rcen t  
d e c l i n e  i n  tonnage from 1990 t o  2000 b u t  f a l l i n g  t o  ze ro  i n  
t h e  y e a r  2010. Under t h e  h i g h  scena r io ,  f u t u r e  clam s h e l l  
t r a f f i c  o r i g i n a t i n g  from Lake P o n t c h a r t r a i n  remains ze ro .  

P r o j e c t i o n s  f o r  bo th  system t r a f f i c  and IHNC lock  t r a f f i c  
under t h e  base  ca se  and under t h e  h igh  and low s c e n a r i o s  
f o r  t h e  seven commodity groups a r e  p r e s e n t e d  i n  t a b l e  2 - 
35. Tonnage p r o j e c t i o n s  f o r  marine s h e l l  by yea r  and 
s c e n a r i o  f o r  t h e  l ock  and the system a r e  p re sen ted  i n  t a b l e  
2 - 3 6 .  

PROJECTIONS OF COMBINED TONNAGE 

Tonnage e s t i m a t e s  f o r  t o t a l  IHNC lock  t r a f f i c  f o r  each  of 
t h e  p r o j e c t i o n  yea r s  under t h e  Reference Case were prepared  
by summing t h e  p r o j e c t e d t o n n a g e s  f o r  a l l  commodity groups.  
These t o t a l s  appear i n  t a b l e  2 - 37. [Note: S p e c i f i c  
tonnage e s t i m a t e s  f o r  t h i s  and s u c c e s s i v e  t a b l e s  were 
gene ra t ed  i n  o t h e r  t h a n  a spreadshee t  environment and may 
d i f f e r  from those  p re sen ted  i n  e a r l i e r  t a b l e s  due t o  t h e  
cumulat ive  e f f e c t s  of  rounding.]  

P r o j e c t i o n s  of  t o t a l  IHNC lock  t r a f f i c  f o r  low and h i g h  
s c e n a r i o s  were compiled i n  a s i m i l a r  manner. For c o a l ,  
c rude  petroleum and petroleum p r o j e c t s ,  t h e  low and h i g h  
s c e n a r i o  tonnages w e r e  d e f i n e d  a s  t h e  lowest  and h i g h e s t  
tonnages  p r e v a i l i n g  among t h e  s i x  s c e n a r i o s  c o n s t r u c t e d  by 
t h e  DOE. The lowes t  t r a f f i c  l e v e l s  f o r  c o a l ,  c rude  
pe t ro leum and petroleum p roduc t s  are sugges ted  by DOE'S 
High O i l  and Gas Recovery Case, Low World O i l  P r i c e  C a s e  
and High World O i l  P r i c e  Case, r e s p e c t i v e l y .  The h i g h e s t  
t r a f f i c  l e v e l s  f o r  c o a l ,  c rude  petroleum and petroleum 
p roduc t s  are r ep re sen ted  by DOE'S Low O i l  and Gas Recovery 
Case, High World O i l  P r i c e  C a s e  and Low World O i l  P r i c e  
Case, r e s p e c t i v e l y .  

For t h e  remaining commodity groups, t h e  low and h igh  
s c e n a r i o  tonnages correspond t o  t h e  low and h igh  s c e n a r i o s  
t h a t  were de f ined  i n  The 1 9 9 2  In l and  Waterwav Review. 
T o t a l  l o c k  tonnages by y e a r  under the low s c e n a r i o  i s  
p r e s e n t e d  i n  table 2 - 3 8 .  T o t a l  l o c k  tonnage by yea r  
under t h e  h igh  s c e n a r i o  appears  i n  t a b l e  2 - 39. 

P r o j e c t i o n s  of  t o t a l  system t r a f f i c  under t h e  Reference 
Case and low and h i g h  s c e n a r i o s  were prepared  i n  an 
i d e n t i c a l  manner t o  t h o s e  f o r  IHNC Lock t r a f f i c .  Table 2 - 40 summarizes b a s e l i n e  system t r a f f i c .  Table  2 - 4 1  
p r e s e n t s  system t r a f f i c  under t h e  low s c e n a r i o  whi le  t a b l e  
2 - 42 d e s c r i b e s  system tonnage under t h e  h igh  s c e n a r i o .  
Table 2 - 43 summarizes t h e  average annual  growth r a t e s  f o r  
t o t a l  IHNC Lock tonnage i n  a d d i t i o n  t o  t h o s e  f o r  i n d i v i d u a l  



Table 2 - 35 
Projected Traffic in Other Commodities 

Projection Scenario 

IHNC LOCK M I C  
Baseline 
Farm Pdoducts 
Metallic Ores & Mins. 
Non-Metallic Mins. 
Forest Produds 
lndustrial Chemicals 
Agricultural Chemicals 
All Other (NonShell) 

Low 
Farm Pmducts 
Metallic Ores & Mins. 
NonMetallic Mins. 
Forest Prcdudo 
Industrial Chemicals 
Pgricultural Chemicals 
All Other (NonShell) 

H'gh 
Farm Pmducts 
Metallic Ores & Minr 
Non-Metallic Mins. 
Forest Produds 
Industrial Chemicals 
Agimhural Chemicals 
Ail Other (Non-Shell) 

SYSTEM TRARC 
Baseline 
Farm Products 

' Metallic Ores & Mins. 
Non-Metallic Mins. 
Forest Products 
Industrial Chemicals 
Agricultural Chemicals 
Ail Other (NonSheU) 

Low 
Farm Producls 
MetallicOres & Mins. 
Non-Metallic Mins. 
Forest Produds 
lndustrial Chemicals 
Agricultural Chemicals 
All Other (NonShell) 

H'gh 
Farm Products 
Metallic Ores & Mins. 
Non-Metallic Mins. 
Forest Products 
lndustrial Chemicals 
Agr'icukural Chemicals 
All Other (NonShell) 

Pmiedion Years 

2000 2010 ' 2020 2U30 2040 2050 2060 

(In ~housands of Short Tons) 



Table 2 - 36 

Projected Traftic Growth 
(In Thousands of Short Tons) 

Traffic in Marine Shell 

, Projection Years 

Commodity 
Group 

lHNC Lock Traffic 
! 

Reference 
Low 
High 

Reference 762 0 0 0 0 0 0 0 
Law 762 0 0 .  . O  0 . O .  
High 762 221 0 0 0 0 0 



Table 2 - 37 

Projected Traffic Growth 
(In Thousands of Short Tons) 

IHNC Lock Traffic 

Reference Case 

Commodity 
Group 

Projection Years 

Farm Products 
Metallic Ores & Mins. 
Coal 
Crude 
Non-Metallic Mins. 
Forest Products 
Industrial Chemicals 
Agricultural Chemicals 
Petroleum Products 
Miscellaneous 

Total 23,494 26,619 . 30,282 33,910 38,165 43,158 49,141 55.898 



Table 2 - 38 

Projected Traffic Growth 
(In Thousands of Short Tons) 

IHNC Lock Traffic 

Low Scenario 

Commodity 
Group 

Projection Years 

Farm Products 
Metallic Ores & Mins. 
Coal 
c ~ d e  
Non-Metallic Mins. 
Forest Products 
Industrial Chemicals 
Agricultural Chemicals 
Petmleum Products 
Miscellaneous 

Total 



Projected ~raffic ~rowth 
(in Thousands of Short Tons) 

IHNC LockTraffic 

High Scenario 

Projection Years 

Commodity 
Group 1990 2000 2010 2020 2030 2040 2050 2060 

~ r n  Praducts 
Metallic Ores & Mhs. 
Coal 
Crude 
Non-Metallic Mins. 
Forest Products 
Industrial Chemicals 
Agricultural Chemicals 
Petroleum Pmducts 
Miscellaneous 

Total 



Table 2 - 40 

Projected Traffic Growth 
(In Thousands of Short Tons) 

System Traffic 

Reference Case 

I Projection Years 

Commodity 
Group 

Farm Products 
Metallic Qres & Mins. 
Coal 
Crude 
Non-Metallic Mins. 
Forest Products 
Industrial Chemicals 
Agricultural Chemicals 
Petroleum Products 
Miscellaneous 

Total 



Table 2 - 41 

Projected Traffic Growth 
(In Thousands of Short Tons) 

System Trafflc 

Low Scenario 

Projection Years 

Commodity 
Gmup 1990 2000 2010 2020 2030 2040 2050 2060 

Farm Products 2,368 3,052 3.684 4,447 5,369 6.481 7,823 9,443, 
Metallic Ores & Mins. 5,153 4,934 4,422 3,963 3.552 3,184 2,854 2,558 
Coal 8,522 8.897 10,415 12192 14,272 16,706 19,807 22,908 
CRlde 15,286 7,123 9,795 7,840 6.276 5,024 4,021 3219 
Non-Metallic Mins. 12.088 12,002 12,365 12,739 13.124 13,521 13,931 14.352 
Forest Pmducts 244 269 , 276 283 291 298 306 314 
Industrial Chemicals 11,830 13.997 15.596 17.377 19,362 21873 24,037 26,782 
Agricultural Chemicals 2,777 3,545 3,635 3,728 3,823 3,920 4,020 4,lZ 
Petroleum Products 23,512 25,536 27,692 30.159 32984 36,222 40,233 44,243 
Miscellaneous 1,822 838 752 674 604 542 486 afi 

Total 83,602 80.1 93 88,632 93,402 99,657 107,471 117.518 128,376 



Table 2 - 42 

Projected Traffic Growth 
(In Thousands of Short Tons) 

System Traffic 

High Scenario 

Projection Years 

Commodity 
Group 

Farm Products 
Metallic Ores & Mins. 
Coal 
Crude 
Non-Metallic Mins. 
Forest Products 
industrial Chemicals 
Agricultural Chemicals 
Petmleum Products 
Miscellaneaus 

Total 



Table 2-43 

Summary of Annual Commo'diy Growth Rates 
By Projection Scenario 

IHNC Lock 

Low Mid Hioh 

1990 to 2000 to 1990 to 2000 to 1990 to 2000 to 
Group 2000 201 0 2000 201 0 2000 201 0 

Farm Products 1.5% 1.5% 21% 1.9% 2.60/0 1.9% - 
Metallic Ores & Mins. -0.4% -1 -1 % -0.9% -0.3% -0.1 Oh -0.2% 
Coal 0.2% 1.50/0 26% 1.5% 26% 20% 
Crude -7.3% 3.20/0 -3.7% 2.5% -2.0% 22% 
Non-Metallic Mins. -0.1% 0.3% 0.5% 0.5% 0.6% 0.5% 
Forest Products 1 .PA 0.3% 1.6% 0.8% 0.7% 1.1% 
Industrial Chemicals 1 .F/o 1.1% 2.8% 1.7% 3.5% 2.8% 
Agriculural Chemicals 2.5% 0.3% 3.0% 1.5% 3.4% 1.5% 
Petroleum Products 1.1% 0.9% 1.50/0 1 .O% 3.4% 1 .O% 
M~scellaneous -1 1.6% -1.1% -1 0.50/0 0.7% -5.3% -3.1$ 

Total Tonnage -0.1 % ' 1.1% 1.3% 1.3% 21% 1.5% 



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 those 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 be 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 locking vessels. Low 
utilization is also reflected in the unaccommodated portion 
of existing demand. 

The subset of vessels that demand lockage is not a 
representative cross-section of the overall population of 
vessels calling at the port. 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 vessels demanding lockage are ultimately associated 
with the Mexican/Caribbean/ Central American trade. Small 
volume and restrictive channel drafts at the foreign end 



Table 2 - 44 

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

(1 991) 

Deadweight Tonnage 
(1.000) Drv Bulk General Carao Container Total 

3 0 110 0 110 



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. 

SCENARIO 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 volume 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, Forecastinq 
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, Assessment of 
Maritime Trade and Technolosv. conducted by Wharton 
Econometrics for the Office of Technology Assessment. The 
annual compound growth rates for U.S. 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 is 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. 



Table 2 - 45 
U.S. Oceanborne Trade 

Annual Compound Growth Rates 

Trade Region General Cargo Dry Bulk Liquids Total 
Imports . Exports Imports 

1985-1 990 1990-2000 1985-1990 1990-2000 1985-1 990 1990-2000 1990-2000 1990-2000 

Japan - 
Soulh Asia 
C.P. Asia 
Oceania ' 
U.KJN. Europe 
Other Europe 

m Latin America 

I 
Middle East 

-1 
Africa 

Source: Wharton Econometrics 



In conjunction with the econometric study, trends in MR-GO 
traffic volume and IHNC Lock deep-draft vessel lockages 
were analyzed. Over the last ten years 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 year 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 deep-draft tonnage has 
shown no statistically significant trend over the period. 
Continuation of the recent no growth historical pattern was 
selected to represent the low growth scenario. As such, 
future activity was held constant at current 1991 levels 
throughout the projection period. 

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 of a constant rate throughout the 
duration of the projection period. 

PROJECTED UNCONSTRAINED LOCKAGE 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. 



Table 2 - 46 

Unconstrained Deep-Draft Lockage Demand 
Annual Compound Growth Rates 

Scenario Summary 

Period Low Mid Hiah 
1991 -2000 0.0 1.8 3.6 



Table 2 - 47 

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

(Mid Growth) 

DWT 
(1.0001 1991 2000 201 0 2020 2030 2040 206Q 

Dty Bulk: 

Total 

General Cargo: 

Total 1 33 

Containers: 

Total 28 



Table 2 - 48 

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

(Low Growth) 

DWT 
(1,000) 1991 2000 201 0 2020 2030 2040 2060 

Dry Bulk: 

Total 

General Cargo: 

Total 

Containers: 

Total 28 28 28 28 28 28 28 



Table 2 - 49 

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

(High Growth) 

DWT 
(1 .OOO) 1991 2000 201 0 2020 2030 2040 2060 

Dry Bulk: 

Total 

General Cargo: 

'Total 

Containers: 

Total 28 39 56 79 113 161 326 



Table 2 - 50 

Unconstrained Projected Deep-Draft Lockage Demand 
Total Lockages 

Scenario Summary 

Scenario 1 1  2000 0 0 20 2060 

Low 206 206 206 206 206 206 206 

Mid 206 245 289 348 41 3 494 707 

High 206 285 404 576 820 1169 2371 



SECTION 3 - SYSTEM ANALYSIS 
INTRODUCTION 

A system approach is required to evaluate the National 
Economic Development (NED) benefits of potential navigation 
improvements to the Gulf Intracoastal Waterway System. 
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 is used to perform the 
systems analysis. 

GENERAL EOUILIBRIUM MODEL RATIONALE AND METHODOLOGY 

The General Equilibrium Model (GEM) is used to evaluate the 
existing conditions, the future without-pro ject conditions, 
and the future conditions 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 enjoying 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 Nation 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 



a n a l y t i c a l  e f f o r t  focuses  e x c l u s i v e l y  on t h e  impact on t h e  
l e v e l s  of nav iga t ion  system t r a n s p o r t  c o s t s  of c a r r y i n g  
c a p a c i t y  c o n s t r a i n t s  a t  system locks .  

For a  g iven  l e v e l  of  t r a f f i c ,  t h e  g r e a t e r  t h e  c a r r y i n g  
c a p a c i t y  of t h e  nav iga t ion  system t h e  lower t h e  t o t a l  u n i t  
t r a n s p o r t  c o s t s .  T h i s  i s  a  consequence of decreased  l e v e l s  
of conges t ion  i n  t h e  system, a l lowing  p o t e n t i a l  movements 
q u i c k e r  and more e f f i c i e n t  t r a n s p o r t  from o r i g i n  t o  
d e s t i n a t i o n .  Hence, t h e  nav iga t ion  system t r a n s p o r t a t i o n  
c o s t s  of i n d i v i d u a l  movements a r e  e x p l i c i t l y  dependent on 
t o t a l  system t r a f f i c .  I n  o t h e r  words, i n d i v i d u a l  movement 
system t r a n s p o r t a t i o n  c o s t s  depend no t  only  on t h e  
economics of each i n d i v i d u a l  movement, bu t  a l s o  on t h e  
l e v e l s  of conges t ion  on t h o s e  p o r t i o n s  of  t h e  
t r a n s p o r t a t i o n  system used by each i n d i v i d u a l  movement. 
The l e v e l s  of conges t ion  f o r  each component of  t h e  
n a v i g a t i o n  system a r e  i n c r e a s i n g  f u n c t i o n s  of t h e  t o t a l  
volume of t r a f f i c  p rocessed  by each component of  t h e  
system.  

Each i n d i v i d u a l  p o t e n t i a l  system movement is assumed t o  
t r a n s i t  t h e  nav iga t ion  system i f ,  and only i f ,  it has  
economic i n c e n t i v e  t o  do so .  Here, economic i n c e n t i v e  t o  
u se  t h e  nav iga t ion  system means t h a t  a  movement i s  assumed 
t o  u s e  t h e  nav iga t ion  system i f  system t r a n s p o r t  p rov ides  
t h e  l e a s t  c o s t  t o t a l  t r a n s p o r t a t i o n  c o s t s  i n c l u d i n g  t h e  
conges t ion  c o s t s  r e s u l t i n g  from c a r r y i n g  c a p a c i t y  
c o n s t r a i n t s .  

The t o t a l  r e a l  c o s t s  of sh ipp ing  any given movement v i a  
a l t e r n a t i v e  non-system means of t r a n s p o r t a t i o n  a r e  assumed 
t o  b e  cons t an t  th rough  t i m e .  E x p l i c i t l y  modeling t h e  c o s t s  
of a l t e r n a t i v e  modes of  t r a n s p o r t a t i o n  i s  beyond t h e  scope 
of t h i s  s tudy .  I n  o r d e r  t o  reduce t h e  s i z e  of t h e  GEM 
problem t o  be  so lved ,  only t h o s e  system locks  t h a t  cou ld  
p o s s i b l y  s u s t a i n  s i g n i f i c a n t  i n c r e a s e s  i n  levels of 
conges t ion  a r e  e x p l i c i t l y  i nc luded  i n  t h e  model. 
Consequently, t h e  1200 f t  x  1 1 0  f t  Leland Bowman Lock, 
which was p l aced  i n t o  s e r v i c e  i n  1 9 8 5 ,  i s  excluded from t h e  
model because p r o j e c t e d  t r a f f i c  a t  t h i s  l o c a t i o n  i s  no t  
expec t ed  t o  cause  s i g n i f i c a n t  changes i n  system conges t ion  
c o s t s  a t  any t ime d u r i n g  t h e  p lanning  hor izon .  This  a l lows  
t r a f f i c  u s ing  only t h i s  s t r u c t u r e  t o  be  e l imina t ed  from t h e  
d i r e c t  system modeling and reduces  t h e  s i z e  of t h e  GEM 
problem wi th  minimal d i s t o r t i o n  of  t h e  a n a l y t i c a l  r e s u l t s .  

The i n p u t  requirements  of t h e  GEM model a r e  a s  fo l lows :  

a .  I n d i v i d u a l  Movement Data:  For i n d i v i d u a l  
p o t e n t i a l  system commodity movements, t h i s  i n p u t  r e q u i r e s  
a  waterway r o u t i n g  v e c t o r  ( i n d i c a t i n g  which system locks  



t h e  movement w i l l  t r a n s i t  i f  it u t i l i z e s  t h e  n a v i g a t i o n  
sys t em) ,  t h e  annual  volume of t h e  movement measured i n  
k i l o t o n s  ( k t o n s ) ,  t h e  g r o s s  t r a n s p o r t a t i o n  c o s t  s a v i n g s  of 
t h e  movement (de f ined  a s  t h e  d i f f e r e n c e  between t h e  t o t a l  
uncongested system t r a n s p o r t a t i o n  c o s t s  and t h e  t o t a l  
t r a n s p o r t a t i o n  c o s t s  of  t h e  nex t  l e a s t  c o s t l y  non-system 
a l t e r n a t i v e  means of t r a n s i t  f o r  t h a t  movement), and an 
i n d i c a t i o n  of whether o r  no t  a l t e r n a t e  system water  
r o u t i n g s  a r e  p o s s i b l e .  

b .  Congestion Costs :  Costs  p e r  k ton  p e r  hour  of 
de l ay  f o r  each commodity movement a t  each  system lock  
t r a n s i t e d  a r e  i n p u t s  r e q u i r e d  by t h e  GEM model. The model 
a l lows  t h e s e  c o s t s  t o  be  i n p u t  by aggrega ted  commodity 
groupings  f o r  each system lock .  

c .  Lock Delay Parameters :  Capac i ty  i n  annual  k t o n s  
and expec t ed  de l ay  i n  hours  p e r  t o n  a t  50 p e r c e n t  
u t i l i z a t i o n  f o r  each lock  i n  t h e  system a r e  r e q u i r e d  by t h e  
model. For  s o l u t i o n ,  t h e  model r e q u i r e s  t h a t  de l ay  be an 
monotonic nondecreasing f u n c t i o n  of tonnage.  The 
c o n f i g u r a t i o n  of t h e  d e l a y  f u n c t i o n  used i n  t h e  model i s :  

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

D = d e l a y  p e r  t o n  i n  hours ;  k  = d e l a y  p e r  t o n  i n  hour s  a t  
50% u t i l i z a t i o n  of c a p a c i t y ;  T = annual  l ock  tonnage; and 
C = annua l  lock  c a p a c i t y  i n  t o n s .  . 

To u s e  t h i s  fo rmula t ion ,  Capaci ty  (C)  and expected d e l a y  a t  
50 p e r c e n t  u t i l i z a t i o n  ( k ) ,  f o r  each lock  i n  t h e  system, 
a r e  r e q u i r e d  inpu t  parameters .  

Output from t h e  GEM model i n c l u d e s  t o t a l  sys tem 
t r a n s p o r t a t i o n  c o s t s  i n c l u d i n g  conges t ion  c o s t s ,  expec t ed  
de l ay  t i m e s  a t  each  modeled system lock ,  annual  tonnages  
moved th rough  each lock ,  and t h e  n e t  system t r a n s p o r t a t i o n  
c o s t  s av ings  f o r  each  movement. The n e t  sys tem 
t r a n s p o r t a t i o n  c o s t  s av ings  a r e  de f ined  a s  t h e  
t r a n s p o r t a t i o n  r e sou rce  c o s t  s av ings  a t t r i b u t a b l e  t o  t h e  
n a v i g a t i o n  system f o r  t h a t  movement account ing f o r  t h e  
e f f e c t s  o f  system conges t ion  on system t r a n s p o r t a t i o n  
c o s t s .  

B e n e f i t s  f o r  nav iga t ion  p r o j e c t s  c o n s i s t  of  two d i s t i n c t  
components: f i r s t ,  t r a n s p o r t a t i o n  r e s o u r c e  c o s t  s a v i n g s  t o  
e x i s t i n g  system t r a f f i c  from reduced l e v e l s  of sys t emic  
conges t ion ;  and, second, t r a n s p o r t a t i o n  sav ings  ove r  an 
a l t e r n a t i v e  means of t r a n s p o r t  f o r  movements now induced t o  
u t i l i z e  t h e  nav iga t ion  system because of t h e  reduced t o t a l  
t r a n s p o r t a t i o n  c o s t s .  This  i d e a  i s  g r a p h i c a l l y  
demonstra ted i n  F igu re  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 SO 
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, conseguently, 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 altprnative 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 TO to TI, with a reduction in congestion 
costs due to the improvement from PO to PI. The resulting 
benefits for this system change may be broken into two 
components : (1) the cost savings on the pre-improvement 
level of traffic, TO x (PO - PI) (the shaded area to the 
left of TO); and ( 2 )  the benefits to the new traffic that 
can now move on the waterway, [ (T1 - TO) x (PO - PI) 1 (the 
shaded triangle to the right of TO). 

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 REOUIREMENTS 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 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 costs 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 volume through each lock in the 
system. These traffic volumes at any given lock are 
invariably different, with WCSC volumes historically below 



LPMS volumes. This difference is due primarily to the 
manner in which each is collected. WCSC data is submitted 
to the Center from 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 is 
readily obvious, there were some significant differences 
between the data sources. In addition to apparent 
significant WCSC underreporting at Bayou Sorrel, Algiers, 
Bayou 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 t.he 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. Adjustments 
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 LPMS 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 is 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 WCSG LPMS of PMS 

Port Allen 28,210 27,565 
Bayou Sorrel 27,781 37,168 
lHNC 22,723 23,414 
Algiers 19,856 24,819 
Harvey 3,538 3.612 
Bayou Boeuf 23,200 27,628 
Calcasieu 39,450 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 reasonable 
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 load per barge, a 
reasonable estimate of total 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 from the original LPMS value, but also 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@) 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 
repairs or maintenance require that a lock be taken out of 
service. 

The problem of misassigned alt codes was present at Port 
Allen, Algiers and Harvey. 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 other 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 
misassiynment described above. With these target tonnage 
levels established, WCSC traffic volumes 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 IHNC, 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 virtually all 



Tabls3-2 

Summary of 1990 WCSC and LPMS Tonnage Reconciliation 
(Thousands of tons) 

Added Target minus 
Target Added Adjusted Traffic as Adjusted as 

Lode WCSC , LPMS Tonnaae Traffic WCSC SbofWCSC 96 of Tarqet 

Pofl Allen 28.21 0 27-5.565 ma 0 28,210 0.0 n.a 
Bayou Sorrel 27,781 37,168 26,401 0 27.781 0.0 -5.2 
IHNC 22,723 23,414 23,414 770 23.493 3.4 -0.3 
Algiers 19,856 24,819 n.a 4772 24.628 24.0 n.a 
Harvey 3,538 3.612 ma 0 3,53538 0.0 n.a. 
Bayou Boeuf 23,221 27,628 27,628 4,624 27,845 19.9 -0.8 
Calcasieu 39,450 46,301 46,301 7,051 46,501 17.9 -0.4 
P.klAlgMy 51.604 55,996 55,996 4,772 56,376 9.2 -0.7 

Total System 73.400 n.a. n.a. 10,202 83,600 14 n.a 

Note: Added traffic at each bdc does not sum to the total system because of common traff~: between Ids. 



Table 3 - 3 

Reconciliation of WCSC and LPMS 
Summary of Added Tonnage 

(Thousands of Tons) 

Total Added IHNC 
Commoditv Grouo Movements Movements 

Farm Products 
Metallic Ores & Products 
Coal 
Crude Petroleum 
Non-Metallic Minerals 
Forest Products and Pulp 
Industrial Chemicals 
Agliculturd Chemicals 
Petroleum Products 
All Others 

Total 10,201.753 769.600 



movements opera t ing  on t h e  GIWW w e s t  of t h e  Miss iss ippi  
River and the IHNC.  

The waterway " t r i a n g l e "  formed by t h e  Miss i s s ipp i  River 
between Baton Rouge and N e w  Orleans (approximately 130 
m i l e s ) ,  the mainstem G I W W  between New Orleans and Morgan 
City (approximately 94 m i l e s )  and t h e  GIWW Morgan City - 
Por t  Allen A l t e r n a t e  Route between Morgan Ci ty  and Baton 
Rouge (approximately 64 m i l e s )  provides t h e  b a s i s  f o r  
mul t ip le  rou t ing  p o s s i b i l i t i e s  f o r  through t r a f f i c  a s  w e l l  
a s  f o r  t r a f f i c  t h a t  is s t r i c t l y  l o c a l .  For a  l o c a l  
movement, i .e . ,  a  movement with an o r i g i n  o r  d e s t i n a t i o n  on 
the " t r i ang le" ,  t r a n s i t  can be achieved by two a l t e r n a t e  
water rou tes  i n  add i t ion  t o  t h e  o r i g i n a l  rou te .  This i s  so  
because P o r t  Allen, Algiers  and Harvey locks  a l l  provide 
f o r  access  from t h e  Miss iss ippi  River t o  the  western GIWW. 
For a  through movement, i . e . ,  t r a f f i c  moving between a  
p o i n t  above Baton Rouge and west of Morgan City,  i n  
add i t ion  t o  Por t  Allen, A l g i e r s  and Harvey rout ings ,  t h e  
Atchafalaya River a l s o  r ep resen t s  a  v i a b l e  a l t e r n a t e  route .  
The Atchafalaya River provides access  between the 
Miss i s s ipp i  River a t  mile 304, approximately 76  m i l e s  above 
Baton Rouge, and t h e  mainstem GIWW a t  Morgan City,  a 
d i s t ance  of approximately 123 miles. 

The a v a i l a b i l i t y  of these a l t e r n a t e  rou t ings  is important 
f o r  system modeling. A s  tonnage i n  t h e  s y s t e m  increases  
over t i m e ,  so  w i l l  congestion c o s t s .  The l i k e l y  r e s u l t  of 
increased  congestion c o s t s  w i l l  be a  change i n  the r e l a t i v e  
d e s i r a b i l i t y  of one rou te  over another  f o r  a t  l e a s t  some 
movements. If a l t e r n a t i v e  rou t ings  a r e  s p e c i f i e d  f o r  each 
movement wi th in  the  movement f i l e ,  t h e  model w i l l  be  a b l e  
t o  eva lua te  a l l  p o s s i b i l i t i e s  and s e l e c t  a  r o u t e  based on 
t h e  c o s t s  a s soc ia ted  with each choice.  

I n  an e f f o r t  t o  con t ro l  t h e  s i z e  of the  problem t o  be 
solved by t h e  model, a l t e r n a t i v e  rou t ings  w e r e  l i m i t e d  t o  
those  t h a t  represented  the most reasonable candidates;  
however, a l l  o r i g i n a l  r o u t e s  t h a t  had p o t e n t i a l  a l t e r n a t e  
r o u t e s  were provided a t  l e a s t  one a l t e r n a t e .  In  
cons t ruc t ing  the system a l t e r n a t e  rou t ings  t h e  following 
r u l e s  were used. (1) For through movements us ing  t h e  GIWW 
Morgan C i t y  - Por t  Allen A l t e r n a t e  Route, one a l t e r n a t e  was 
constructed,  the Atchafalaya River.  ( 2 )  For through 
movements us ing  the mainstem GIWW v i a  A l g i e r s  o r  Harvey 
Locks, two a l t e r n a t i v e s  were constructed,  one v i a  Harvey 
Lock and the mainstem GIWW and t h e  o the r  a l t e r n a t e  v i a  Por t  
Allen Lock and t h e  GIWW A l t e r n a t e  Route. (3)  For GIWW West 
movements with an o r i g i n a l  rou te  inc luding  P o r t  Allen, 
Algiers  o r  Harvey Locks, two a l t e r n a t i v e s  were constructed,  
one each involving t h e  use of e i t h e r  Por t  Allen,  Algiers  o r  
Harvey locks  depending on t h e  o r i g i n a l  rou t ing .  ( 4 )  For 



l o c a l  movements wi th  an o r i g i n a l  rou te  not  inc lud ing  Port  
Allen, A l g i e r s  o r  Harvey Locks, two a l t e r n a t i v e s  were 
constructed,  one each involving the use  of P o r t  Allen and 
e i t h e r  A l g i e r s  o r  Harvey Locks depending on the o r i g i n a l  
rou t ing .  

The assignment of t r a n s p o r t a t i o n  c o s t  t o  t h e  a l t e r n a t e  
water r o u t i n g s  was accomplished i n  the fol lowing manner. 
Barge c o s t s  p e r  m i l e  were c a l c u l a t e d  f o r  a l l  o r i g i n a l  
movements having a l t e r n a t e  rou t ings .  T h i s  barge c o s t  per  
m i l e  was m u l t i p l i e d  by the mileage a s s o c i a t e d  w i t h  t h e  
a l t e r n a t e  r o u t e  t o  produce an ad jus ted  a l t e r n a t e  barge cos t  
f o r  t h e  a l t e r n a t e  route .  Given t h e  mileages of t h e  
o r i g i n a l  r o u t i n g  and the a s s o c i a t e d  a l t e r n a t e ,  the adjus ted  
a l t e r n a t e  barge c o s t  could be higher  o r  lower than  the 
o r i g i n a l  r o u t e  barge c o s t .  U s i n g t h e  a l t e r n a t e  rou te  barge 
c o s t  and the  same l e a s t  c o s t  non-system a l t e r n a t i v e  
a s soc ia ted  wi th  t h e  o r i g i n a l  movement ( s i n c e  t h i s  i n  
unchanged f o r  the system a l t e r n a t e ) ,  t h e  t r a n s p o r t a t i o n  
cos t  savings  f o r  the system a l t e r n a t e  r o u t e  was computed. 
When a l l  a l t e r n a t i v e  rou t ings  were cons t ruc ted ,  t h e  
movement f i l e  cons i s t ed  of 16,455 t o t a l  records 
r ep resen t ing  7,194 o r i g i n a l  movements. 

The next  s t e p  i n  t h e  development of the  movement f i l e  was 
t o  aggregate  t h e  f i l e  t o  a l e v e l  more s u i t a b l e  f o r  t h e  
ana lys i s .  Reducing t h e  s i z e  of t h e  movement f i l e  lowers 
t h e  l e v e l  o f  complexity t h a t  a  l a r g e  number of records  can 
c r e a t e  f o r  modeling purposes.  To accomplish t h i s ,  while 
s t i l l  maintaining a  l e v e l  of d e t a i l  necessary f o r  r e a l i s t i c  
t r a f f i c  rou t ing ,  movements wi th  common o r i g i n  P o r t  
Equivalent,  d e s t i n a t i o n  Por t  Equivalent,  10-group commodity 
code and system lock usage were aggregated i n t o  ind iv idua l  
movements, w i t h  t h e i r  t r a n s p o r t a t i o n  r a t e s  becoming a  
weighted average f i g u r e .  The r e s u l t  of t h i s  p rocess  was a  
movement f i l e  t h a t  cons i s t ed  of 5,460 t o t a l  records 
r ep resen t ing  2,590 unique movements. 

To f u r t h e r  improve t h e  e f f i c i e n c y  of model operat ion,  
records  of less than  1,000 tons ,  genera l ly  less than  one 
f u l l  barge .load, were a l s o  d e l e t e d  from the f i l e .  These 
records c o n s i s t e d  of a t o t a l  of 459 records  which included 
263 a l t e r n a t e  system rou t ings  and 196 o r i g i n a l  movements. 
Removing these movements only reduced lock system tonnage 
by approximately 80,000 t o n s .  A t  t h i s  l e v e l  of opera t ion  
t h e s e  small  movements represented  approximately 7.6 percent  
of o r i g i n a l  movements bu t  only 0 .1  pe rcen t  of o r i g i n a l  
movement tonnage. 

d .  Future  T r a f f i c  Levels:  From t h e  f i n a l  movement 
f i l e ,  a d d i t i o n a l  movement f i l e s  were cons t ruc ted  t o  
estimate f u t u r e  t r a f f i c  demands by applying commodity group 



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 of 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 each 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 costs 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 queues 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, consequently their overall 
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 inventory 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 lock 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 
C o r n m e s  at System Locks 

(Dollars per 1.000 Tons) 

port ' Bayou Bayou 
Cornmodlies Allen Sorrel IHNC Abiers H a m  Boeui CaIcasieu 

Fann Products 
Metallic Ores 
Coal 
Crude Petmleum 
Non-Metallic Minerals 
Forest Pmducts 
Industrial Chemicals 
AgriarlIural Chemicals 
Petmleum Products 
All Others 



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 on 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 O F  THE RATE SAMPLE 

To form t h e  b a s i s  of t h e  t r a n s p o r t a t i o n  r a t e  a n a l y s i s ,  a 
sample of aggregated movements was s e l e c t e d  from a subse t  
of t h e  1989 Waterborne Commerce d e t a i l  r eco rds  da tabase .  
T ranspor t a t ion  r a t e s  were developed f o r  t h i s  sample of 
movements. This  p rocess  was accomplished a s  fo l lows .  

The r e c o r d s  i n  t h e  WCSC database r ep resen ted  i n d i v i d u a l  
barge- leve l  movements t h a t  t r a v e l l e d  any p o r t i o n  of t h e  
GIWW -Miss i ss ipp i  River  t o  Sabine, G I W W  - Morgan C i t y  t o  
Por t  Al len  A l t e r n a t e  Route, o r  t h e  Innerharbor  Navigation 
Canal waterways. I n  a d d i t i o n  t o  tonnage and 
o r i g i n / d e s t i n a t i o n  informat ion,  t h e s e  r eco rds  a l s o  inc lude  
a 4 -d ig i t  commodity code, and a waterway r o u t i n g  i n d i c a t o r  
( a l t  code) f o r  movements where a l t e r n a t i v e  r o u t i n g s  a r e  
a p p l i c a b l e .  Records wi th  t h e  same $ - d i g i t  commodity code, 
o r i g i n  p o r t ,  d e s t i n a t i o n  p o r t  and a l t  code were aggregated 
t o  produce annual p o r t - l e v e l  tonnage flows r e p r e s e n t i n g  
6 ,223  r eco rds  and 75.5 m i l l i o n  t o n s .  A l l  subsequent 
p rocess ing  was based on t h e s e  aggrega ted  annual f lows.  
Sepa ra t e  f i l e s  were cons t ruc t ed  f o r  t h o s e  movements which 
used t h e  IHNC lock  and those  movements which did n o t .  
These f i l e s  were t h e n  aggregated i n t o  "cells". I n  t h e  IHNC 
f i l e  t h e s e  " c e l l s "  c o n s i s t e d  of movements wi th  a common 
o r i g i n  PE, d e s t i n a t i o n  PE  and 10-group commodity code, wi th  
its l e v e l  of tonnage equa l  t o  t h e  sum of t h o s e  movements. 
A PE (Por t  Equiva len t )  code is d e f i n e d  by ranges  of WCSC 
port-dock codes and r ep resen t s  a waterway s e c t i o n .  
S i m i l a r l y ,  t h e  non-IHNC f i l e  was aggregated i n t o  " c e l l s " ,  
however, i n  t h i s  f i l e  t h e  " c e l l s "  c o n s i s t e d  of movements 
w i t h  a common o r i g i n  PE, d e s t i n a t i o n  PE, and 10-group 
commodity code but  a l s o  common a l t  codes.  The a l t  codes, 
which i n d i c a t e  waterway use ,  were used i n  t h i s  f i l e  because 
more than  one r o u t e  over  t h e  modelled system was p o s s i b l e  
between t h e  o r i g i n  and d e s t i n a t i o n .  

A t  t h e  o u t s e t ,  it was thought  p o s s i b l e  t h a t  a sample could 
be developed t h a t  would provide c e l l - l e v e l  coverage of 
approximately 95 p e r c e n t  of t h e  t o t a l  system tonnage.  To 
do t h i s ,  348 of t h e  l a r g e s t  " c e l l s "  (by tonnage) were 
s e l e c t e d  i n  t h e  IHNC f i l e  and 597 of t h e  l a r g e s t  " c e l l s "  
(by tonnage) were s e l e c t e d  i n  t h e  non-IHNC f i l e .  Summing 
t h e  tonnage i n  t h e s e  945 " c e l l s "  produced 71,354,000 
m i l l i o n  t o n s  which r ep resen ted  94.5 pe rcen t  of t h e  t o t a l  
system tonnage of 75,507,000 t o n s .  

Next, wi th in  each " c e l l " ,  i n d i v i d u a l  movements were 
a s s igned  a weight equa l  t o  i ts  own t o n s  d iv ided  by t h e  
t o t a l  tonnage i n  t h e  " c e l l " .  These percentages  were then  



t ransformed i n t o  cumulative percentages and m u l t i p l i e d  by 
100 t o  produce and i n t e g e r  between 1 and 100 f o r  each 
movement. Next, us ing  a  random number genera tor ,  a  number 
between 1 and 1 0 0  was assigned t o  each " c e l l " .  

The first movement wi th in  each "cell" whose i n t e g e r  was 
g r e a t e r  t h a n  o r  equal t o  t h i s  random number was s e l e c t e d  
f o r  t h e  sample. The e f f e c t  of t h i s  procedure was t o  s e l e c t  
a  s i n g l e  movement from each " c e l l "  with t h e  p r o b a b i l i t y  of 
s e l e c t i o n  f o r  a  given movement equal  t o  t h a t  movement's 
" c e l l "  tonnage propor t ion .  The f i n a l  product  was a  sample 
o f  945 movements w i t h  a t o t a l  of 34,441,000 tons ,  46 
percent  of t h e  t o t a l  system tonnage. Table 4  - 1 d i s p l a y s  
t h e  1989 r a t e  sample tonnage a s  a  percent  of 1989 system 
tonnage by commodity group. 

TRANSPORTATION RATE ANALYSIS 

The t r a n s p o r t a t i o n  r a t e  a n a l y s i s  w a s  conducted by t h e  
Tennessee Valley Author i ty  (TVA) under c o n t r a c t  w i t h  t h e  
New Orleans D i s t r i c t .  The o b j e c t i v e  of t h e  s tudy was t o  
c a l c u l a t e  l ine-haul  t r a n s p o r t a t i o n  r a t e s  and supplemental 
c o s t s  f o r  a sampling of 944 dock-to dock movements t aken  
from the  1989 waterborne t r a f f i c  base.  ( One movement i n  
t h e  945 movement sample was determined t o  be non- 
commercial t r a f f i c  and was removed, l eav ing  944 movements 
i d e n t i f i e d  f o r  a n a l y s i s . )  

For each sample movement, a  c a l c u l a t i o n  of f r e i g h t  r a t e s  
was made by a  system waterway route ,  and by one o r  more 
land r o u t e s  u t i l i z i n g  an  a l t e r n a t e  mode of t r a n s p o r t a t i o n .  
Total  o r i g i n  t o  d e s t i n a t i o n  shipping c o s t s  were ca lcu la ted ,  
inc lud ing  loading and unloading c o s t s  a t  o r i g i n  and 
d e s t i n a t i o n .  The c o s t s  of subsequent overland movements 
and intermodal  t r a n s f e r  c o s t s  a t  o r i g i n  and d e s t i n a t i o n  
were a l s o  ca lcu la ted .  Computations r e f l e c t  those  charges 
t h a t  were i n  e f f e c t  dur ing  the t h i r d  q u a r t e r  of 1992. T h e  
fol lowing paragraphs d e t a i l  t h e  s t u d y ' s  gu ide l ines ,  methods 
of r e s e a r c h  and suppor t ing  assumptions. 

ROUTING OPTIONS 

With r e s p e c t  t o  land r o u t e s  911, 310 and 9  movements w e r e  
eva lua ted  f o r  ra i l ,  t ruck ,  and p i p e l i n e  r a t e s  r e s p e c t i v e l y .  
A s  a g e n e r a l  r u l e ,  a l l  movements of 400 miles o r  less and 
l e s s  than  100,000 t o n s  were evalua ted  f o r  t r u c k .  

For 60 movements involv ing  I n t r a c o a s t a l  Waterway p o i n t s  
e a s t  of N e w  Orleans and p o i n t s  on t h e  Middle and Upper 
Miss i s s ipp i  River,  I l l i n o i s  Waterway, Ohio River System, 
and Tennessee and Cumberland Rivers,  an a l t e r n a t e  
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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 
C o m d t v  arow ~Brcent of Svstem Tons percent of System Cells oercent of Svstem Tonnaae 

Fam Products 
Metallic Ores and ProcClcts 
Coal 
crude Petroleum 
Nonmetallic Minerals 
Forest products and pup 
Industrial Chemicals 
Agricultural Chemicals 
Peholeum Products 
All Others 

Total 46% 4% 95% 



non-system waterway routing was calculated via the 
~ennessee-Tombigbee Waterway. 

Table 4-2 summarizes the routing options considered for the 
944 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 also be loaded or unloaded to or from 
rail cars or trucks. 

It was assumed that.the alternate modes of transportation 
would have the physical capacity to accommodate the 
tonnages involved for each commodity movement, except that 
truck transportation was not considered to be a viable 
option for shipments involving 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 involving 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 construction 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 virtually 
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. 



Table 4 - 2 

Rate Sample Observations by Commodity Group 
And Transportation Mode 

Alt Water 
Commodi Group Water Tenn-Torn Rail T ~ c k  Pioeline 

Farm Products 
Metallic Ores 
Coal 
Crude Petroleum 
Non-Metallic Minerals 
Forest Products 
Industrial Chemicals 
Agricultural Chemicals 
Petroleum Produds 
All Others 

Total 



Cont rac t  r a t e s  a r e  p r e v a l e n t  i n  t h e  r a i l  and t r u c k i n g  
i n d u s t r i e s  and a r e  not  p u b l i c  knowledge. Ra tes  a r e  
pub l i shed  i n  t a r i f f  form on bu lk  commodities; however it i s  
d i f f i c u l t  t o  determine t h o s e  movements t h a t  a r e  r a t e d  on a  
t a r i f f  b a s i s  a s  compared t o  t h o s e  movements t h a t  a r e  r a t e d  
on a  c o n t r a c t u a l  b a s i s .  

Rates  p rov ided  by c a r r i e r s ,  sh ippe r s ,  r e c e i v e r s  o r  
r i v e r p o r t  t e r m i n a l s  were used  wherever p o s s i b l e .  A l l  o t h e r  
r a t e s  were ob ta ined  from pub l i shed  sou rces  o r  were 
c o n s t r u c t e d  by TVA, depending on t h e  mode of t r a n s p o r t a t i o n  
o r  tonnages  involved.  

Barge Ra te s  

With t h e  excep t ion  of a c t u a l  r a t e s  ob ta ined  from sh ippe r s ,  
c a r r i e r s ,  o r  r i v e r p o r t  t e r m i n a l s ,  b a r g e  r a t e s  were 
c a l c u l a t e d  us ing  a  computerized barge c o s t i n g  model. The 
model, which was ob ta ined  from another  government agency 
and modif ied by TVA, was programmed t o  i n c l u d e  1 9 9 2  f i x e d  
and v a r i a b l e  c o s t s  in format ion  ob ta ined  from t h e  towing 
i n d u s t r y .  

The c o s t i n g  model c o n t a i n s  two modules--a g e n e r a l  towing 
s e r v i c e  module and a  d e d i c a t e d  towing s e r v i c e  module. The 
g e n e r a l  s e r v i c e  module c a l c u l a t e s  r a t e s  by s i m u l a t i n g  t h e  
u s e  of g e n e r a l  towing s e r v i c e  c o n d i t i o n s  between o r i g i n  and 
d e s t i n a t i o n .  This  i n c l u d e s ,  among o t h e r  t h i n g s ,  
i n t e r change  of barges  between two o r  more c a r r i e r s .  

The d e d i c a t e d  s e r v i c e  module c a l c u l a t e s  c o s t s  by s i m u l a t i n g  
round- t r i p  movements between o r i g i n  and d e s t i n a t i o n .  This  
i n c l u d e s  t h e  u s e  of t h e  same towboat f o r  t h e  loaded  
movement from o r i g i n  t o  d e s t i n a t i o n  and t h e  r e t u r n  o f  t h e  
empty b a r g e ( s )  from d e s t i n a t i o n  back t o  o r i g i n .  

Both modules r e q u i r e  v a r i o u s  i n p u t s ,  b u t  among t h e  more 
impor tan t  a r e ,  towboat s i z e s  (horsepower);  barge  types ;  
shipment weights;  and empty r e t u r n  r a t i o s .  

Barge r a t e s  on d r y  commodities w e r e  c a l c u l a t e d  u s i n g  t h e  
g e n e r a l  towing s e r v i c e  c o s t i n g  module. I n p u t s  based on 
in fo rma t ion  ob ta ined  from c a r r i e r s  and t h e  Corps of 
Engineers '  Lock Performance Monitoring System (LPMS) 
da t abase  were used  i n  t h e  module t o  s i m u l a t e  t h e  average 
towboat s i z e  (horsepower) and corresponding tow s i z e  
(barges)  f o r  each segment of t h e  i n l a n d  waterway system. 
Other  i n p u t s  i nc luded  ba rge  types ,  waterway speeds  and 
horsepower r a t i o s .  

Empty r e t u r n  r a t i o s  f o r  d ry  commodity movements were 
g e n e r a l l y  c a l c u l a t e d  a t  70 pe rcen t ;  however movements wi th  



both o r i g i n  o r  d e s t i n a t i o n  on t h e  I n t r a c o a s t a l  Waterway 
e a s t  of Houston o r  o r i g i n s  o r  d e s t i n a t i o n s  on t h e  Lower 
M i s s i s s i p p i  sou th  of Baton Rouge were c a l c u l a t e d  on a 
round-t r ip  b a s i s .  

Depending on t h e  t y p e  of movement, tonnage and barge  s i z e  
involved,  r a t e s  on l i q u i d  commodities were c a l c u l a t e d  with 
t h e  use  of e i t h e r  t h e  g e n e r a l  towing s e r v i c e  o r  t h e  
dedica ted  towing s e r v i c e  module. For commodities t h a t  a r e  
normally t r a n s p o r t e d  i n  barges  measuring 195 x 35 f e e t ,  
r a t e s  were c a l c u l a t e d  wi th  t h e  use  of t h e  g e n e r a l  towing 
s e r v i c e  module. Since barge  s i z e s  a r e  compatible,  t h e s e  
shipments can be i n t e g r a t e d  i n t o  t h e  same tows with  dry 
commodities. Commodities t h a t  a r e  normally t r a n s p o r t e d  i n  
gene ra l  towing s e r v i c e  inc lude  sodium hydroxide, molasses, 
t a l l ow,  and c e r t a i n  chemical p roducts .  

The de te rmina t ion  of g e n e r a l  o r  ded ica t ed  s e r v i c e  
c a l c u l a t i o n s  f o r  a l coho l s ,  benzene, chemicals ,  and 
miscel laneous chemical p roducts  was based on t h e  volume 
involved.  For movements w i t h  tonnages  of less t h a n  10,000 
t o n s ,  r a t e s  were c a l c u l a t e d  wi th  t h e  use  of t h e  genera l  
towing s e r v i c e  module. For  movements w i th  tonnages  of 
10,000 t o n s  o r  more, r a t e s  were c a l c u l a t e d  wi th  t h e  use  of 
t h e  ded ica t ed  towing s e r v i c e  module. 

A l l  r a t e s  on a s p h a l t  and crude and r e f i n e d  petroleum 
products  w e r e  c a l c u l a t e d  w i t h  t h e  use  of  t h e  ded ica t ed  
towing s e r v i c e  module. A l l  r a t e s  on l i q u i d  commodities 
were c a l c u l a t e d  on a round- t r ip  b a s i s ,  whether g e n e r a l  o r  
ded ica ted  s e r v i c e  towing. 

R a i l  Rates 

It was assumed t h a t  t a r i f f  r a t e s  would apply  t o  a l l  r a i l  
shipments wi th  annual volumes of l e s s  than  5,000 t o n s .  For 
shipments wi th  annual volumes of 5,000 t o n s  o r  more, 
c o n t r a c t u a l  r a t e s  were cons t ruc t ed  on t h e  b a s i s  o f  a 
percentage  r educ t ion  of t h e  t a r i f f  r a t e  o r  w i t h  t h e  use  of 
a computerized r a i l  c o s t i n g  model developed by Reebie 
Assoc ia tes .  

Rates  on g r a i n ,  g r a i n  sorghum, and g r a i n  m i l l  p roduc ts  were 
based on a percentage  r e l a t i o n s h i p  t o  t h e  pub l i shed  tar i f f  
r a t e .  Mul t ip l e  c a r  o r  volume r a t e s  were u t i l i z e d  wherever 
p o s s i b l e .  It was a l s o  assumed t h a t  a l l  shipments of g ra in ,  
g r a i n  m i l l  p roduc ts  and r i c e  would move i n  covered hopper 
c a r s  owned by t h e  c a r r i e r .  

R a i l  r a t e s  on a l l  o t h e r  commodities were c a l c u l a t e d  with  
t h e  use  of t h e  Reebie Assoc ia t e s  c o s t i n g  model. T h i s  model 
i d e n t i f i e s  t h e  r a i l  c a r r i e r ' s  v a r i a b l e  and f i x e d  c o s t s  
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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, receivers, 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 as.sumed 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 unloading 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. 



EXPANDING THE RATE SAMPLE TO THE POPULATION 

ASSIGNMENT PROCESS 

A s  was mentioned p rev ious ly ,  t h e  sample movements eva lua t ed  
by TVA r ep resen ted  1989 WCSC d a t a .  However, a f t e r  TVA 
completed t h e i r  a n a l y s i s ,  1990 t r a f f i c  was ready f o r  u s e .  
I n  o rde r  t o  work wi th  t h e  most c u r r e n t  d a t a  a v a i l a b l e ,  t h e  
d e c i s i o n  was made t o  match t h e  r a t e s  TVA c a l c u l a t e d  i n  t h e  
1989 sample t o  t h e  1990 records .  Table 4 - 3 shows how t h e  
1 9 8 9  r a t e  sample a p p l i e s  t o  t h e  1990 system tonnage.  
Comparison of t a b l e s  4 - 3 and 4 - 1 c l e a r l y  i n d i c a t e s  t h a t  
t h e  o r i g i n - d e s t i n a t i o n  p a t t e r n s  f o r  1989 and 1 9 9 0  t r a f f i c  
a r e  q u i t e  s i m i l a r .  

The 1990 t r a f f i c  f i l e  was processed i n  a manner t h a t  was 
e s s e n t i a l l y  t h e  same a s  descr ibed  wi th  t h e  1989 t r a f f i c .  
Records r e p r e s e n t i n g  movements t h a t  t r a v e l l e d  any p o r t i o n  
of t h e  G I W W  -Miss i ss ipp i  River t o  Sabine,  G I W W  - Morgan 
C i ty  t o  P o r t  Al len  A l t e r n a t e  Route, o r  t h e  Innerharbor  
Navigation Canal waterway segments were e x t r a c t e d  by WCSC 
from t h e  1990 d a t a  base  and provided a s  a  s i n g l e  f i l e .  
Tonnage wi th  t h e  same 5 -d ig i t  commodity code ( 1 9 9 0  WCSC 
uses  a  more d e t a i l e d  5 - d i g i t  commodity code r a t h e r  t h a n  t h e  
prev ious  4-d ig i t  code used i n  t h e  1989 movement f i l e ) ,  
o r i g i n  p o r t ,  d e s t i n a t i o n  p o r t  and a l t  code was aggregated 
t o  produce annual p o r t - l e v e l  tonnage f lows .  A t  t h i s  l e v e l ,  
system lock  usage was a s s igned  f o r  each movement. The 1990 
movement f i l e  had a  t o t a l  of 7,174 r e c o r d s  and 73.4 m i l l i o n  
tons ,  22 .7  m i l l i o n  t o n s  of which r e p r e s e n t e d  IHNC 
movements. 

To a s s i s t  wi th  t h e  assignment of r a t e s ,  t h e  1989 4 - d i g i t  
commodity code was added t o  t h e  1990 movement f i l e ,  s i n c e  
t h e  1989 sample r a t e  s tudy  only has  t h e  4 d i g i t  commodity 
code. I n  a d d i t i o n ,  t o  f a c i l i t a t e  f u r t h e r  f i l e  p rocess ing  
and aggrega t ion ,  each  r eco rd  i n  t h e  1990 movement f i l e  was 
ass igned  a commodity group number based on t h e  10-category 
c l a s s i f i c a t i o n  scheme, desc r ibed  e a r l i e r  i n  Sec t ion  2 .  

Records i n  t h e  1 9 9 0  WCSC movement f i l e  w e r e  d iv ided  i n t o  
two s e p a r a t e  f i l e s ,  one r ep resen t ing  IHNC t r a f f i c  and t h e  
o t h e r  r e p r e s e n t i n g  non-IHNC t r a f f i c .  A s  mentioned e a r l i e r ,  
t h e  reason  f o r  t h i s  d i s t i n c t i o n  i s  due t o  t h e  f a c t  t h a t  a l t  
codes, which i n d i c a t e  waterway use,  a r e  r e q u i r e d  f o r  r o u t e  
i d e n t i f i c a t i o n  f o r  non-IHNC t r a f f i c  s i n c e  more than  one 
waterway i s  p o s s i b l e  between t h e  o r i g i n  and d e s t i n a t i o n .  
The o b j e c t i v e  t h e n  was t o  match t r a n s p o r t a t i o n  r a t e s  from 
1989 IHNC sample r eco rds  t o  t h e  1 9 9 0  IHNC r eco rds  and 
non-IHNC 1989 sample r eco rds  t o  1 9 9 0  non-IHNC r e c o r d s .  To 
accomplish t h i s  t a s k ,  it was necessary  t o  match sampled 



Table 4 - 3 

1989 Rate Sample Tonnage As A Percent 
01 1990 SystemTonnage 

Sample Tons as a Sample Cells as a Sample Cell Tonnage as a 
Commodii arouo oitrcent of Svstem Tons oercent of Svstem Cells percent of System Tonnage 

Farm Products 
Metallic Ores and Products 
Coal 
Crude Petroleum 
Nonmetallic Minerals 
Forest products and pulp 
Industrial Chemicals 
Agricultural Chemicals 
Petroleum Products . 
All Others 

Total 



records  t o  t h e  1990 popula t ion  a t  s e v e r a l  l e v e l s  of 
aggrega t ion .  

I n  t h e  f irst  l e v e l  matching, records  i n  t h e  IHNC r a t e  
sample were matched t o  t h e  1 9 9 0  IHNC r eco rds  on t h e  b a s i s  
of common o r i g i n  p o r t ,  o r i g i n  dock, d e s t i n a t i o n  p o r t ,  
d e s t i n a t i o n  dock, and 4 -d ig i t  commodity code. The r eco rds  
i n  t h e  non-IHNC r a t e  sample were matched t o  1990 non-IHNC 
records  i n  t h e  same fash ion ,  bu t  now common a l t  codes were 
a l s o  used as t h e  b a s i s  f o r  comparison. When a match was 
i d e n t i f i e d ,  t o t a l  t r a n s p o r t a t i o n  c o s t s  f o r  t h e  o r i g i n a l  
water r o u t e ,  a l t e r n a t e  water  rou te ,  and pr imary l and  r o u t e  
were ass igned  t o  t h e  1990 movement. (With t h e  except ion  of 
two movements i n  the o v e r a l l  r a t e  sample, which r ep resen ted  
only 0.2 percent  of t h e  t o t a l  t ons  i n  t h e  sample, the 
primary l a n d  r o u t e  w a s  always less c o s t l y  t h a n  t h e  
a l t e r n a t e  l a n d  rou te .  A s  a r e s u l t ,  matching a l t e r n a t e  l and  
c o s t s  was cons ide redunnecessa ry . )  To make t h i s  assignment, 
t h e  weighted average c o s t  f o r  IHNC sample movements grouped 
by o r i g i n  p o r t ,  o r i g i n  dock, d e s t i n a t i o n  p o r t ,  d e s t i n a t i o n  
dock, and 4 -d ig i t  commodity code was c a l c u l a t e d .  When an 
IHNC sample movement w a s  matched t o  an IHNC 1990 popula t ion  
movement, t h e  c o s t ,  which r ep resen t  a c o s t  per ton ,  was 
ass igned  t o  t h e  IHNC 1990 popula t ion  movement. This  same 
method w a s  employed when matching non-IHNC movements, 
except the weighted average c o s t  c a l c u l a t i o n  f o r  non-IHNC 
sample movements i nc luded  t h e  use of a l t  codes when 
movements were grouped. T h i s  i n i t i a l  matching ass igned  
c o s t s  t o  6 pe rcen t  of t h e  t o t a l  1990 popu la t ion  movements 
r e p r e s e n t i n g  28 pe rcen t  of t h e  t o t a l  tonnage.  I n  t h e  IHNC 
s e c t i o n  a lone ,  c o s t s  were ass igned  t o  9 pe rcen t  of t h e  
t o t a l  IHNC movements r e p r e s e n t i n g  43 p e r c e n t  of t h e  t o t a l  
IHNC tonnage.  T h i s  degree of coverage is very  good 
cons ide r ing  t h a t  a t  t h i s  l e v e l  o f .  grouping, t h e  matching 
t a k i n g  p l a c e  is  e s s e n t i a l l y  on an i n d i v i d u a l  movement 
b a s i s .  

In  o r d e r  t o  a s s i g n  c o s t s  t o  t h o s e  movements n o t  i n i t i a l l y  
matched, s e v e r a l  more l e v e l s  of matching needed t o  be 
performed. The second matching was based on common o r i g i n  
PE, d e s t i n a t i o n  PE, and 10-group commodity code f o r  I M C  
movements w i t h  the a d d i t i o n a l  common a l t  codes f o r  non-IHNC 
m e m e n t s ,  A s  d e s c r i b e d  i n  the f i r s t  l e v e l  of matching, 
t h i s  p rocedure  a s s igned  w e i y h t e d a F r a g e  c o s t s  W o n Y i ~  
IHNC sample movements and non-IHNC sample movements, 
grouped a s  desc r ibed  f o r  t h e  second matching. When a 
sample movement was matched t o  a 1990 popu la t ion  movement, 
t h e  c o s t s  p e r  t o n  f o r  t h e  va r ious  means of t r a n s p o r t a t i o n  
were a s s igned  t o  t h e  WCSC movement. A f t e r  t h i s  second 
l e v e l  o f  matching, 46 pe rcen t  of t h e  1990 movements 
r e p r e s e n t i n g  66 p e r c e n t  of t h e  t o t a l  tonnage was ass igned  
c o s t s .  I n  the IHNC s e c t i o n  a lone,  c o s t s  were ass igned  t o  



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 
commodity 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 was 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 1990 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 is to predict the value 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 value 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 



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 variance 
in the dependent variable (land mileage), explained by 
knowledge of the independent variable (original water 
mileage). Tests of significance indicate that there is a 
statistically significant relationship between these two 
variables. 

In order to estimate alternate 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 all 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 
alternate 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 variables. 

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 



Table 4 - 4 

Regression Equations Used to Predii 
Primary Land Miles and Memate Water Miles 

Pfimaw Land Miles R-Squared 
I 

Gnnmodnv Alternate Water Miles R-Sauared 

Fann Pmducis 
Wlic Ores 
Coel 
Crude Petroleum 
Non-Melallic Minerals 
Forest Produck 
Industrial Chemicals 
Agricultural Chemicals 
Pelrdeum Produds 
AUOlhero 

37.4237 + .7498 x Original Water Miles 
176.0323 + 5210 x Original Water Mles 
166.4695 + ,4512 x Original Water Miles 
-172043 + .a719 x W i n d  Water Miles 
114.1098 + .6871 xOrighal Wader Miles 
102)25304 + 5338 x Oliginal Walar Miles 
102.1856 + ,6853 x Original Water Miles 
6.521 I + .9087x Original Water Miles 
81.7960 + .6604x Original Water Mies 
31.7142 + .7048 x Original Wder Miles 

176.6945 + ,9544 x land Miles 
-195.3749 + 1 A90 x Land Miles 
-4.9575 + 1.214 x Land Miles ' 
143.198 + 566 x Land Miles 
-1577.96 + 3.596 x Land Mies 
143.1 98 + .666 x Land Miles 
143.198+ .666 x Land Mbs 
143.196+ .666 x land Miles 
-149.816 + 1.5676 x Land Miles 
143.1 98 + .666 x Land Miles 



movements, r e p r e s e n t i n g  9 0  pe rcen t  of t h e  t o t a l  tonnage, 
were ass igned  c o s t s .  For t h e  IHNC r eco rds  only,  65  percent  
of t h e  IHNC movements, r ep resen t ing  8 6  percen t  of t h e  IHNC 
tonnage,  were a s s igned  c o s t s .  

The f o u r t h  l e v e l  of matching was based on common waterway 
segment d e s t i n a t i o n  ( t h e  2 -d ig i t  l e v e l  of t h e  4 -d ig i t  PE 
code ) ,  and 10-group commodity code f o r  b o t h  t h e  IHNC 
movements and non-IHNC movements. A s  b e f o r e ,  t h i s  
procedure  ass igned  a weighted average c o s t  p e r  m i l e ,  f o r  
t h e  v a r i o u s  meacs of t r a n s p o r t a t i o n ,  t o  t h e  1990 movements 
when a sample movement matched a 1990 movement. Th i s  c o s t  
p e r  mi le  was t h e n  m u l t i p l i e d  by t h e  a p p r o p r i a t e  mileage 
f i g u r e  t o  produce a c o s t  p e r  t o n  e s t i m a t e .  A f t e r  t h i s  
f o u r t h  l e v e l  of matching, 9 3  pe rcen t  of t h e  t o t a l  1 9 9 0  
movements, r e p r e s e n t i n g  96 pe rcen t  of t h e  t o t a l  tonnage, 
were ass igned  c o s t s .  For t h e  IHNC r eco rds  only,  83 percent  
of the movements, r ep resen t ing  92 pe rcen t  of t h e  tonnage, 
were ass igned  c o s t s .  

I n  t h e  f i f t h  and l a s t  l e v e l  of matching, t h o s e  r e c o r d s  t h a t  
were s t i l l  unassigned,  were matched based only  on t h e  
10-group commodity code f o r  b o t h  t h e  IHNC movements and 
non-IHNC movements. As  with t h e  t h i r d  and f o u r t h  l e v e l  of 
matching, t h i s  assignment was accomplished us ing  t h e  
product  of t h e  c o s t s  pe r  m i l e  from t h e  sample movements, 
now grouped a s  desc r ibed  i n  t h i s  f i f t h  l e v e l  o f  matching, 
and t h e  a p p r o p r i a t e  mileage of t h e  movement t o  be  ass igned  
a c o s t .  With t h i s  l a s t  l e v e l  of matching, a l l  7,174 
movements i n  t h e  1990 f i l e  were ass igned  an o r i g i n a l  water 
c o s t  p e r  ton ,  a l a n d  c o s t  p e r  t on ,  and an a l t e r n a t e  water 
c o s t  p e r  t on .  

SUMMARY OF RESULTS 

For each of t h e  movements i n  t h e  1990 f i l e ,  an e s t i m a t e  of 
t h e  d i f f e r e n c e  between t o t a l  water t r a n s p o r t a t i o n  c o s t  
( o r i g i n a l  water  c o s t  p e r  t o n )  and t o t a l  c o s t  f o r  t h e  

movement v i a  t h e  nex t  l e a s t  c o s t l y  non-system a l t e r n a t i v e  
means of shipment e . ,  l and  c o s t  p e r  t o n  o r  a l t e r n a t e  
water c o s t  p e r  t o n )  was made. This  d i f f e r e n c e  i s  r e f e r r e d  
t o  a s  t h e  n e t  c o s t  sav ings  of t h e  t o n ' s  p o t e n t i a l  movement 
v i a  t h e  system. These sav ings  a r e  deemed n e t  a s  opposed t o  
g r o s s  because t h e  water c o s t s  a r e  i n c l u s i v e  o f  system lock 
de l ays .  Savings measured wi th  lock  de lays  t a k e n  out  of 
water  c o s t s  a r e  r e f e r r e d  t o  a s  g r o s s  c o s t  s a v i n g s .  Table 
4 - 5 shows t h e  o v e r a l l  d i s t r i b u t i o n  of n e t  g r o s s  c o s t  
sav ings  f o r  t h e  e n t i r e  system and IHNC movements only.  
Table 4 - 6 shows t h e  d i s t r i b u t i o n  of t h e s e  n e t  c o s t  
sav ings  broken down by t h e  f i r s t  two l e v e l s  of matching and 
then  by t h e  nex t  t h r e e  l e v e l s  o f  matching. A s  can be seen,  
two pe rcen t  o f  t h e  t o t a l  number of r eco rds  f o r  t h e  system, 

E - 1 1 9  
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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-PROJECT 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 1990 data, 
weighted average cost per ton estimates were calculated, by 
commodity group. 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 likely to occur in the various 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. 



Table 4 - 7 

Net Cost Savings & Mileage 
By Commodity Group 

Total System 
(1 992 Prices) 

Weighted 
Net Cost Weighted 

Commoditv Grouo Savinas ($) Mileaae 

F a n  Products 
Metallic Ores 
Coal 
Crude Petroleum 
p on-~etallic Minerals 
Forest Produds 
Industrial Chemicals 
Agricultural Chemicals 
Petroleum Products 
All Others 



Table 4 - 8 

Tug Assist Costs 
for Commodities at IHNC lock 

(Dollars per ton) 
(1 992 Prices) 

Cost per 

Farm Products 
Metallic Ores 
Coal 
C ~ d e  Petroleum 
Non-Metalllc Minerals 
Forest Products 
Industrial Chemicals 
Agricultural Chemicals 
Petroleum Products 
All Others 



SECTION 5 - LOCK CAPACITY AND DELAY FUNCTION ESTIMATION 
OVERVIEW 

As traffic levels increase on a waterway, the increased 
traffic creates delays at bottlenecks on the system. 
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 lock 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 also 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" approach 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 Intracoastal 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 queuing 
theory may be applied. If arrivals for service (locking) 
f ~ U w a B i s s o n  process (i.e., randomly independent), then 
the expected wait for s e r v i c ~ ( d T 1 a ~ a t o o c k ) T s g i v e n  by 
the formula: 

D = (U(SA2 + 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 of 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 lock 
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. Solving 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 Solver. This software's ability 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 is 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 loaded 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 number 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 - Knowing both the total number 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 frequency 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 utilization. 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 various 
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 . 8 5 ,  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 1-up 1-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. 
~t locks where exchange is more efficient than turnback, a 
1-up 1-down policy 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 (among 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 value. After 
a number of iterations, the model converges on a solution 
which satisfies all the equations. 

STEP 10 - ~aving 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 variables 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. 



The form of the delay equation used in the GEM requires 
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 value 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, is 
well within the inherent uncertainty bounds of the 
analysis. It is 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 lock service entering from the 
Mississippi River and the lock chamber. The approach point 
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 vessel. 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 



Table 5 - 1 

Delay Function Parameters 
Non-IHNC Locks 

(Deterministic Method) 

Delay at 50% 
Capacity Utilization 

Lock lmillions of tons) (hours) 

Port Allen 
Bayou Sorrel 
Algiers 
Harvey 
Bayou Boeuf 
Calcasieu 



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. SIMSCRIET 
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 is the core of the 
simulation, providing the global definitions for each 
entity class, 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, andNEW.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 is 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 vessel 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 vessel, or set of 
vessels, fromthe 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 .  Rout ines .  I n  a d d i t i o n  t o  t h e  c o r e  events ,  t h e  
s imu la t ion  package a l s o  c o n s i s t s  of seven r o u t i n e s  - MAIN, 
COLL.STATS, LOCK.ARRIVAL, LOCK.FILLER, LOCK.MASTER, 
RD.DATA, and SYST.EXIT. These r o u t i n e s ,  u n l i k e  t h e  even t s ,  
p rovide  support  f o r  t h e  events ,  performing much o f  t h e  
f u n c t i o n a l i t y  of t h e  system. 

MAIN i s  t h e  d r i v e r  r o u t i n e .  A c a l l  i s  made t o  RD.DATA t o  
inpu t  t h e  da t a ,  and t h e  f i r s t  set of a r r i v a l  e v e n t s  a r e  
c r e a t e d .  I n  a d d i t i o n ,  i n i t i a l i z a t i o n s  of t h e  day and 
season a r e  accomplished through MAIN-Simulation i s  
i n i t i a t e d  i n  t h i s  r o u t i n e .  

COLL.STATS i s  t h e  s t a t i s t i c s  output  r o u t i n e .  A c a l l  is  
made t o  COLL-STATS a t  t h e  end of every  season and a t  t h e  
completion of t h e  i t e r a t i o n .  

LOCK.&IVAL performs two func t ions  when a SEG.ARRIVAL i s  
i d e n t i f i e d  as a lock  a r r i v a l .  F i r s t ,  usage s t a t i s t i c s  a r e  
t a b u l a t e d .  Second, a s e r v i c e  t i m e  is  c a l c u l a t e d ,  t o  
determine t h e  t ime  of t h e  LOCK.EXIT.  

LOCK.FILLER i s  c a l l e d  from SEG.ARRIVAL t o  determine a 
packing f o r  t h e  next  usage of t h e  chamber. Vessels a r e  
s e l e c t e d  from t h e  a p p r o p r i a t e  wai t ing  queue, i n  p r i o r i t y  
o rde r .  LOCK.FILLER a t t empt s  t o  pack t h e  chamber a s  f u l l y  
a s  i s  p r a c t i c a l .  

LOCK.MASTER is r e s p o n s i b l e  f o r  determining assignments t o  
t h e  lock .  Two p o l i c i e s  a r e  implementable i n  t h e  program - 
f i r s t -come f i r s t - s e r v e ,  and k-up k-down. Once LOCK.MASTER 
has  determined which v e s s e l ( s )  t h e  lock  w i l l  s e r v e  nex t ,  a 
SEG.ARRIVAL is  scheduled.  

RD.DATA is t h e  d a t a  i n p u t  r o u t i n e .  

SYST-EXIT c o n t r o l s  t h e  depa r tu re  of a s e t  of v e s s e l s  from 
t h e  system under s tudy .  A l l  l i g h t  b o a t s  a r e  r e t u r n e d  t o  
t h e i r  home base,  t r a v e r s i n g  back through t h e  lock .  

MODEL INPUTS 

T k  Siu-modelrequiresdeailed t iminq  ----- informat ion on a l l  
a s p e c t s  of t r a f f i c  t r a n s i t i n g  t h e  system. I n  g e n e r a l 7  
t iming  d a t a  f a l l  i n t o  two c a t e g o r i e s .  One i s  t h e  
" i n t e r f e r e n c e "  e f f e c t  of t h e  v e h i c u l a r  b r idge  s t r u c t u r e s  
spanning t h e  cana l  on t r a f f i c  being processed  through t h e  
lock .  The o t h e r  i s  t h e  du ra t ion  of t h e  lockage i t s e l f  
which i s  comprised of s e v e r a l  o p e r a t i o n a l  components. 
F i n a l l y ,  t h e  model r e q u i r e s  t r a f f i c  d a t a  by d i f f e r e n t  tow 
s i z e  c l a s s e s  i n  o r d e r  t o  a c c u r a t e l y  e s t i m a t e  t h e  
performance and volume of system throughput .  The fo l lowing  



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 is 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 szfe 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 used 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 St. 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 Claiborne, 
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 is 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 outbound 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 vessel 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 no vessels in the chamber. 

Addedtime for Multivessel Lockages: 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 vessels 
must be taken into account. 

IHNC Lock data was used in the production of these 
component times for the without-project condition. 
However, in 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 ft 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 is separately entered as a model input. These 
lockage times by tow class (described in 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 varies 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, 
a 50-year period of record for stage data and chamber size 



Table 5 - 2 

Awrage LockCornpnenIrms by LorXageType andTwsize Class 
(Single Vessel Lodage) --- 

Taw Sizes Exirrinq Lock 1 2 W I l L d n  900 k Lacks 

Approach Enw Exit Approach Enw Exit Appradl E n 0  Ex,! 

Class Lemh Iiil Wdh  lhl Iminulesl Irninutesl Iminuter) 

1 s=14Oand<-aZ3 -and& Fly . 8 6 5 8 4 5 8 5 5 
Exchange . 8 6 6 8 4 6 8 5 6 
Turnback 4 6 6 4 4 5 4 5 5 5 

,224 and <=297 

4 =214andc=299 4 1  and<& Fly . 6 
Ex-e 9 
Turnback 4 

5 >.230andc.319 4 1  and<-70 Fly 6 9 7 
G h g e  9 .  9 7 
Turnback 4 9 8 

6 &98and<=419 ~-3Oandc=40 Fly 8 
8 hasange 

Turnback' 

7 *and<=389 > d l  and<& Fly 6 
Exchange 9 
Turnback 4 

8 AZOandc=436 4 1  and<-70 Fly 6 
E x h g e  9 
Tumbdck 4 

9 %420andc=469 & ? Q a n d < 4  Fly 8 
Earhanga 8 
Turnback 4 

10 r390 and <A69 >A1 and <-60 Fly 6 
Exchange : 9 
Turnback. 4 

11 >437and <=459 A 1  and <=70 Fly 6 S 7 6 8 9 6 8.5 8 
Excflange. 9 9 7 9 8 12 9 8.5 9.5 
Turnback 4 9 8 4 8 10 4 8.5 9 



Tow Sues Ex!shlock 12006Locks SM)hLodc9 

h m a c i l  EnW Edt Apwoach E m  Ex11 A& En& Exn 

Claw kitdl (0 Widlhlm (rmnutesl ~miwtes l  ~ r m ~ m s l  

14 -and& dl md+-70 Fly ' 6  9 7 
Erchsrpe' 9 .  9 7 
T M  4 9 8 

15 d a n d c . B U )  r - 3 0 ; n d d  fly 4 12 8 
Exdlange 9 12 8 
Turnback. 5 12 9 

16 r 5 4 1 a n d a 2  +land& Fly 6 9 7 6 7 9 
9 Exchange' 9 7 9 7 10 

Turbadc 9 8 ' 4 7 8 

18 &a!M<a57 d 1 a n d o s O  Fly 4 12 8 
Ex* . 9 12 8 
T m M  5 12 9 

19 A O d d  Aland-70 Fly 4 12 8 
Exdmge' 9 12 B 
Twnback 5 12 9 

20 r&H sndc480 A 1  mdc-70 Fly 4 12 8 4 9 8 4 105 8 
E m  8 12 8 9 9 12 9 105 10 
Tmbxji . 5 12 9 5 9 10 5 105 95 



Table 5 - 3 

Average Chambering Times by Season 
(Minutes) 

Locksize 1st Quarter CY 2nd Quarter CY 3rd Quarter CY 4th Quarter CY 

Existing Lock 
900 x 90 x 22 
900x110~22  
900 x 100 x36 
1200 x90 x22 
1200xl00x22 
1200x100~36 



s p e c i f i c  f i l l / e m p t y  times f o r  va ry ing  head c o n d i t i o n s  were 
used.  

T r a f f i c  Data 

I n d i v i d u a l  tow s i z e s  w e r e  eva lua t ed  and grouped i n t o  42  
c l a s s e s .  A s  wi th  t h e  t iming  informat ion,  fou r  y e a r  average 
v a l u e s  (LPMS 1988 -1991), by tow s i z e  c l a s s ,  were used  i n  
t h e  p roduc t ion  of  t h e  t r a f f i c  base .  Informat ion f o r  each 
c l a s s  c o n s i s t e d  of  average  loads ,  average  number o f  v e s s e l s  
(upbound and downbound) and, s p e c i f i c  t o  t h e  l o c k  s i z e  

be ing  s t u d i e d ,  t h e  number of  c u t s  t h a t  would be r e q u i r e d  
and t h e i r  d imensions .  

Table  5  - 4 d i s p l a y s  t h e  42 t ows ize  c l a s s e s  a long  wi th  
t h e i r  expec ted  f requency and average loads .  The 4 2  towsize  
c l a s s e s  r e p r e s e n t  approximately 93 pe rcen t  of  t h e  t o t a l  
four -year  average number of  tows and 89  p e r c e n t  of  t h e  
tonnage .  These f i g u r e s  w e r e  a d j u s t e d  upwards p r i o r  t o  
i n p u t  by p r o p o r t i o n a l l y  s c a l i n g  t h e  r ep re sen ted  c l a s s e s  t o  
r e f l e c t  a  complete 100 percen t  t r a f f i c  base .  

Along w i t h  tows, in format ion  on s h i p  t r a f f i c  was a l s o  
compiled.  The f o u r  yea r  average of  s h i p  t r a f f i c  a t  t h e  
IHNC l ock  equa led  153 s h i p s .  A l l  s h i p  t r a f f i c  was 
r e f l e c t e d  i n  a  s i n g l e  v e s s e l  t y p e .  

To c a p t u r e  t h e  e f f e c t s  of  s t a l l  e v e n t s  on lock  ope ra t ion ,  
s t a l l  e v e n t s  w e r e  ana lyzed  and r e p r e s e n t e d  i n  t h e  model a s  
a v e s s e l  t y p e .  S t a l l  even t s  a l s o  cause  t h e  l o c k  t o  be 
u n a v a i l a b l e  f o r  n a v i g a t i o n  u n t i l  t h e  event  i s  concluded.  
S t a l l  e v e n t s  g e n e r a l l y  f a l l  i n t o  5 c o n d i t i o n s .  T h e  f irst 
i s  weather  c o n d i t i o n s  which c o n s i s t  of  fog,  r a i n ,  wind e t c .  
The second i s  s u r f a c e  c o n d i t i o n s  c o n s i s t i n g  of  r i v e r  
c u r r e n t ,  f lood ,  e t c  . The t h i r d  i s  tow c o n d i t i o n s  
c o n s i s t i n g  of  i n t e r f e r e n c e  by o t h e r  v e s s e l s ,  tow 
ma l func t ion  o r  breakdown, e t c .  The f o u r t h  i s  lock  
c o n d i t i o n s  c o n s i s t i n g  of  l ock  hardware mal func t ion ,  
ma in t a in ing  lock ,  etc. The f i f t h  i s  Other c o n d i t i o n s  
c o n s i s t i n g  of  v e h i c u l a r  b r idge  d e l a y  ( v e h i c u l a r  b r i d g e  
d e l a y s  r e s u l t i n g  from curfews were s e p a r a t e d  from b r i d g e  
d e l a y s  of  o t h e r  c a u s e s  because t h e  model e x p l i c i t l y  d e a l s  
w i th  b r i d g e  cur fews .  ) , tow d e t a i n e d  by Coast Guard e t c .  
The f o u r  y e a r  ave rage  f o r  s t a l l s  a t  t h e  IHNC l o c k  was 
d i v i d e d  i n t o  two s e p a r a t e  c a t e g o r i e s  i n  o r d e r  t o  p rov ide  a  
more a c c u r a t e  r e p r e s e n t a t i o n  of l ock  downtime. One 
ca t ego ry  c o n s i s t e d  o f  t y p i c a l  s t a l l  e v e n t s  which had a  f o u r  
y e a r  average  of  4 4  e v e n t s  r e p r e s e n t i n g  approximately  50 
minutes  each,  w h i l e  t h e  o t h e r  ca t ego ry  c o n s i s t e d  of  one 
ou tage  e q u a l  t o  approximately  30 hour s .  



Table 5 - 4 

Average Number of Tows and Loads 
By Tow Size Class 

Tow Size 
Class 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
1 6- 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

. 27 
28 
29 
30 
31 
32 
33 
34 -- 

35 
36 
37 
38 
39 
40 
41 
42 

Lenath (ftl 

r.140 and em223 
>=I40 and 0213 
>=224andc=297 
>=214 and 6299 
>=230 and ~ -319  
>=298 and ~ 4 1 9  
2-300 and c=389 
>a20 and ~436 
A 2 0  and c=469 
G390 and c-469 
- 7 a n d e  
>470 and ~ 4 1 9  
2470 and <=540 
>4 and -452 
2-620 and <=650 
>+I1 and 
>a and 0619 
~ 4 0 3  and -657 
=620andc=€40 . 
>=641 and c-680 
>452 and 4 
>355 and <-455 
-460 
A70 and c=580 
>504 and -580 
>470 and 4.80 
>585 and 0640 
>585 and <=MO 
2660 and <=700 
>681 and a700 
>7w and 9760 
>700 and e760 
>TO and c870 
>770mcl &O- --- 

2871 and 0980 
>871 and c-980 
>985 and 0 1  285 
~ 9 8 5  and 0 1  285 
>527 and e627 
>660 and <=985 
>I286 and 61530 
>I180 and <=I530 

Width (f0 

2 4 0  and <=40 
dl and <=60 
>=30 and c 4 0  
>=4l and <=60 
>=61 and <=70 
r 4 0  and <=40 
> d l  and <=60 
>=61 and C-70 
>=30 and <=40 
241 and C-60 
>=el and -70 
>=30 and d o  
>=41 and e 6 0  
>=61 and -70 
2-30 and 4 0  
>=41 and d o  
>=61 and <=70 
> 4 1  and <-40 
>=61 and <a70 
2-61 and 070 
S O  and c-90 
>91 and e l 0 8  
>I09 and <=I40 
>80 and e90 
>91 and e l 0 8  

and < = l a  
>91 and 0108 
>109 and 4 4 0  
>41 and 0 6 0  
-70 
241 and R87 
=70 
>41 and 4 7  

>41 and 067 
=70 
>41 and 4 7  
-70 
=I58 
=I 40 
=70 
=lo4 

Average # 
Of Tows 

704 
21 6 

1,306 
486 
318 
250 
686 
128 
328 
281 
372 
101 
366 
444 
48 

792 
82 

294 
182 
377 

1 
62 
35 
5 

62 
57 

,186 

Average 
Tons 

205 
376 
644 
680 
81 2 
568 

1,196 
1.054 
1,691 
2.147 
2,319 
1614 
2,883 
2,506 
2,851 
3,162 
2,836 
3,474 
4,990 
3.915 

. 3,788 
3,619 
5,956 
3,096 
4,666 
6.361 
6,144 
8,204 
3,992 
3,942 
4,495 
3,948 
4,550 

s ; t s 3 -  
5,087 
6,056 
7.568 
7,441 
7.845 
7,841 

10.737 
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-service 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. Of 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 
"0" 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, representing a 
without- project condition, used by the Sin 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 arrival, 
downbound arrival, and vessel height. 

b. Number of 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 . 

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



T a b l e  5 - 5 

S i m  Model S a m p l e  I n p u t  F i l e  
F o r  W i t h o u t - P r o j e c t  C o n d i t i o n s  

1 
new.  seeds 
3 4 5 5 6 8 3 3  
9 4 7 2 7 3 5 1  

* *  HEADER 
* *  NUMBER OF ITERATIONS 
* *  THE NEXT THREE LINES 

SPECIFY AN ARRIVAL PATTERN 

1 0 3 2  
1 0 0  5 * *  # OF DAYS # OF SEASONS 
1 0  23  2 3  2 3  9 9 9  * *  LENGTH OF EACH SEASON 

(INCLUDES A WARMUP PERIOD) 
1 **  NUMBER OF LOCKS I N  THE SYSTEM 

5 * *  NUMBER OF SEGMENTS I N  THE 
SYSTEM 

QUP 1 ** SEGMENT ONE 
9 9 9  ** QUEUE CAPACITY OF SEGMENT ONE 
1 ** NUMBER OF BRIDGES BELOW 

SEGMENT ONE 
FLORIDA 9 9 9  0 ** BRIDGE NAME % OF TIME BRIDGE DOES 

NOT NEED TO BE RAISED BRIDGE 
INTERFERENCE TIME 

0 NUMBER OF CURFEW PERIODS 
a r r i v a l  down . . * *  SEGMENT TYPE 

STAGE - UP 2 
. 1  
1 

CLAIBORNE . 9  0 

0 
s t ag ing  
LOCK 1 3 - 
1 

* *  SEGMENT TWO 
* *  QUEUE CAPACITY OF SEGMENT TWO 
**  NUMBER OF BRIDGES BELOW 

SEGMENT. TWO . . 
* *  BRIDGE NAME % OF TIME \ 

BRIDGE DOES NOT NEED TO BE ' 
RAISED BRIDGE INTER- 
FERENCE TIME 

* *  NUMBER OF CURFEW PERIODS 

* *  SEGMENT THREE 
* *  QUEUE CAPACITY OF SEGMENT 

THREE 
** NUMBER OF BRIDGES BELOW 

SEGMENT THREE 
**  BRIDGE NAME % OF TIME 

BRIDGE DOES NOT NEED TO BE 
RAISED BRIDGE INTER- 
FERENCE TIME 

* *  NUMBER OF CURFEW PERIODS 
* *  START AND STOP TIMES OF CURFEW 

ONE 
* *  START AND STOP TIMES OF CURFEW 



lock 
640 7 5  20  

STAGE. DN 4 
1 
0  

staging 
QDN 5 

999 
0 

arrival up 

TWO 

* *  LENGTH OF LOCK WIDTH OF 
LOCK QUEUE SEARCH LIMIT 

* *  CHAMBER TIMES BY SEASON 
(INCLUDES A WARM-UP PERIOD) 

* *  TURNAROUND TIME FOR THE LOCK 
**  ADDITIONAL TIME FOR 

MULTIVESSEL LOCKAGE 
* *  SEGMENT FOUR 
** QUEUE CAPACITY OF SEGMENT FOUR 
* *  NUMBER OF BRIDGES BELOW 

SEGMENT FOUR 

* *  SEGMENT FIVE 

* *  NUMBER OF DAYS VESSEL DATA 
REFLECTS 

**  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) 

1 170  35 1, **  NUMBER OF CUTS LENGTH AND 
. . WIDTH OF CUT LINE ID # IN 

LOCK TIMING TABLE 
352  352 ** NUMBER OF DOWNBOUND AND 

UPBOUND OBSERVATIONS 



vt IVl 
2 





525 70 14. 
.5 .5 

ships 43  
1 1 6 2 0 7 0  0 

1 620 7 0  22 

1 1  
lite 4 6 

0 1 620 7 0  0 
1 620 7 0  23  
0 0 

25  

14 525 7 0  14 525  7 0  14 
. . .  . . 

. \; 
* *  SHIP TRAFFIC 

* *  STALL EVENT (TYPE 11 

* *  STALL EVENT (TYPE 2 )  

* *  LIGHT BOAT TRAFFIC 

**  NUMBER OF LINES IN LOCK 
TIME TABLE 

** LINE ID # LK COMPONENT TIMES 



FCFS 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 
policies 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 OUTPUT 

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 boats are shown in vt 43 through vt 46, 
respectively. The maximum level of tons processed through 
the lock is presented under the heading of "Performance 
Measures". This figure must be annualized and adjusted to 
correct for the fact that the existing tonnage associated 
with the 42 tow classes did not fully represent all IHNC 
tonnage. 

DELAY FUNCTION CALCULATION 

The delay function used 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 five 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 until the level of tonnage 



Sim Model Sample Output 
Without-Project Conditions 

Length Of Run 

ARRIVALS 
Upward 1 6 4 1  
Downward 1654 
Light Boats 588 

DELAY INFORMATION 
season ave . delay (mins) 

1 
- 2 

3 
4 
5 

TOTAL 

100 days 

Q 
down 

curfew 
inbound 
(mins) 
2.112 
2.287 
2.477 
2.057 
2.340 
2.277 

curfew 
outbound 
(mins) 

.746 

Histogram [hist(i) = #vessels, such that i-l<delay<i, hours) 
2 5 5 3 6 8 8 8 3 7 5 8 1 0  6 

11 1 2  11 8 6 1 0  8 12  9 4 17  1 4  9 3 
5 8 6 6 1 0  1 8  1 4  1 6  2 5  11 10  8 1 5  8 
8 1 0  1 3  10  3 11 11 8 18  11 1 3  1 7  1 5  1 9  

17  1 5  1 0  9 1 0  1 3  8 1 0  6 10  
VESSEL TYPE DATA 

Unused space in columns 
larae cut small cut ~~- - .-- 

Type proc(hrs) delay(hrs) #~rvls que max avg std max avg std 
vt 1 101 .36  100 .58  245 92 470 . 64 84 0 0 
vt 2 102 .32  101.59 67 86 220  54  48 0 0 O \ 
vt 3 117.90 117 .15  403 89 380 1 1 0  82 0 0 0 : 

0 



LOCKAGE INFORMATION - lock 1 

, . Total number of lockages completed 3372 
Total upbound 1504 
Total downbound 1536 

PERFORMANCE MEASURES 
Throughout (area) 103445919.00. (season) 10344591:9.00 \ '  ' 

Throughout (tons) 6539688.00 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 % .  

HISTOGRAM {hist(i) = flockages with i-l<(space utilized/lOO)<i) 
< 0 <lo <20 <30 <40 <50 <60 <70 <80 <90 <I00 

,O 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 
std. dev. 
max d 

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

std. dev 125 
max length 1230 

average sum of all 
widths of vessels/lock 
std. dev. 
max width 

average sum of all 
areas of vessels/lock 34039 

std. dev 7294 
max area 44800 



processed by t h e  lock  no longe r  i nc reased .  This p o i n t  
de f ined  lock  c a p a c i t y .  

I n  o rde r  t o  c a l c u l a t e  t h e  corresponding k-values,  t h e  model 
was run a t  va r ious  t r a f f i c  l e v e l s  below c a p a c i t y  t o  provide 
a d d i t i o n a l  p o i n t s  a long t h e  de lay  f u n c t i o n .  These 
e s t i m a t e s  of t o n s  processed and average de l ay  p e r  tow, 
a long wi th  t h e  s p e c i f i e d  capac i ty ,  were used t o  c a l c u l a t e  
t h e  k-value t h a t  genera ted  t h e  "bes t  f i t "  hyperbola t o  t h e  
model v a l u e s .  The "bes t  f i t "  f u n c t i o n  i s  i d e n t i f i e d  a s  t h e  
func t ion  t h a t  minimizes t h e  sum of t h e  squared  d i f f e r e n c e s  
between t h e  a c t u a l  model e s t i m a t e s  and t h e  s p e c i f i e d  
f u n c t i o n  e s t i m a t e .  The measure of t h e  f i t  is r e f e r r e d  t o  
a s  t h e  c o e f f i c i e n t  of de te rmina t ion  o r  R-squared. 

MODEL RESULTS 

Table 5 - 7 provides  a summary of model r e s u l t s  f o r  t h e  
wi th  and wi thout -pro jec t  s c e n a r i o s  a t  c a p a c i t y .  The t a b l e  
f i r s t  d i s p l a y s  how m u l t i v e s s e l  lockages va ry  with  lock  
s i z e .  A s  expected,  t h e  l a r g e r  t h e  lock  s i z e ,  t h e  g r e a t e r  
i s  t h e  percentage  of m u l t i v e s s e l  lockages .  I n  t h e  e x i s t i n g  
lock r e s u l t s ,  n o t e  t h a t  approximately 79 pe rcen t  of a l l  
lockages  a r e  s i n g l e  lockages  wi th  p r a c t i c a l l y  none i n  t h e  
f i v e  tow/lock category,  whereas i n  t h e  1200 x 1 1 0  x 36 f t  
l ocks i ze ,  almost none of t h e  lockages a r e  s i n g l e  lockages 
and approximately 4 4  p e r c e n t  a r e  i n  t h e  f i v e  tow/lock 
(without  curfew) ca t egory .  

The nex t  s e c t i o n  i n  t a b l e  5 - 7 d i s p l a y s  how m u l t i c u t  
lockages vary wi th  l o c k s i z e .  A s  expected,  t h e  model 
r e s u l t s  show t h a t  a s  t h e  lock  s i z e  i n c r e a s e s ,  t h e  
percentage  of mu l t i cu t  lockages  dec reases  t o  t h e  e x t e n t  
t h a t  i n  t h e  1200 f t  l e n g t h  locks ,  p r a c t i c a l l y  a l l  lockages  
a r e  s i n g l e  c u t s .  

The S i m  model a l s o  provides  informat ion on s u r f a c e  a r e a  
u t i l i z a t i o n  f o r  t h e  v a r i o u s  lock  dimensions. A s  t a b l e  5 - 
7 shows, t h e  range of va lues  f o r  s u r f a c e  a r e a  u t i l i z a t i o n  
i s  from approximately 71 pe rcen t  wi th  t h e  e x i s t i n g  and 900 
x 90 f t  locks ,  t o  approximately 85 p e r c e n t  wi th  a 1200 x 
1 1 0  f t  l o c k .  

F i n a l l y  t a b l e  5 - 7 d i s p l a y s  t o n s  p e r  lockage and c a p a c i t y  
e s t i m a t e s  f o r  t h e  v a r i o u s  lock  s i z e s .  I n  add i t i on ,  t h e  
percentage  i n c r e a s e  i n  c a p a c i t y  by removing b r idge  curfews 
i s  a l s o  p re sen ted  a long wi th  t h e  average process ing  t ime .  
A s  is shown, capac i ty  e s t i m a t e s  range from a low of 27.6 
m i l l i o n  t o n s  f o r  wi thout -pro jec t  c o n d i t i o n s  t o  a h igh  of 
74.9 m i l l i o n  t o n s  f o r  t h e  1200 f t  x 1 1 0  f t  x 36 f t  l ock .  
The impact of removing b r i d g e  curfews on lock  capac i ty  is 
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approximately  a  t h r e e  t o  f o u r  pe rcen t  i n c r e a s e  f o r  a l l  
s i z e s .  

Table 5 - 8 p r e s e n t s  lock c a p a c i t i e s  and k-values f o r  t h e  
f irst-come; f i r s t - s e r v e  p o l i c y  a s s o c i a t e d  wi th  each of t h e  
l ock  s i z e s  t h a t  were e v e n t u a l l y  eva lua t ed  i n  t h e  GEM. In  
a d d i t i o n ,  t h e  t a b l e  a l s o  shows a  corresponding R-squared 
va lue  f o r  each  e s t ima ted  equa t ion .  The R-squared r e f l e c t s  
t h e  degree  of  " f i t "  between t h e  model c a l c u l a t e d  
tonnage-delay p o i n t s  and t h e  equa t ion  f i t  t o  t h o s e  p o i n t s .  

Also d i s p l a y e d  i n  t a b l e  5 - 8 a r e  t h e  c a p a c i t y  and k-values 
f o r  t h e  e x i s t i n g  lock  o p e r a t i n g  under t h e  n-up; n-down 
p o l i c y .  Equat ion parameters  a r e  shown f o r  n  = 3 and n  = 5. 
With a  c a p a c i t y  of 27 .1  m i l l i o n  t o n s  and a  k-value of 3.4, 
5-up; 5-down i s  c l e a r l y  i n f e r i o r  t o  t h e  e x i s t i n g  f i rs t -come 
f i r s t - s e r v e  p o l i c y .  For n  = 3, c a p a c i t y  i s  s l i g h t l y  lower 
(27.2' m i l l i o n  t o n s )  compared t o  t h e  e x i s t i n g  lock ing  p o l i c y  
c a p a c i t y  ( 2 7 . 6  m i l l i o n  t o n s )  and the k-value f o r  n  = 3 i s  
much h i g h e r .  A s  a  r e s u l t ,  t h e  average de l ay  f o r  a  g iven  
tonnage l e v e l  i s  a c t u a l l y  h i g h e r  wi th  n  = 3 than  with  
c u r r e n t  p o l i c y .  

I n  o r d e r  t o  v i s u a l l y  h i g h l i g h t  t h e  r e l a t i v e  d i f f e r e n c e s  
between a l t e r n a t i v e s ,  f i g u r e s  5 - 1 through 5 - 5 a r e  
provided.  F igu re  5 - 1 d i s p l a y s  de lay  f u n c t i o n s  f o r  t h e  
e x i s t i n g  l o c k ,  wi th  and without  b r idge  curfews, and with  a  
mid-r ise  S t .  Claude Avenue Bridge,  wi thout  b r i d g e  curfews.  
F igu res  5 - 2 and 5 - 3 d i s p l a y  de lay  f u n c t i o n s  f o r  f o u r  
improved sha l low d r a f t  l o c k s  wi th  and wi thout  b r idge  
curfews,  r e s p e c t i v e l y .  F i g u r e s  5 - 4 and 5 - 5 d i s p l a y  
de l ay  f u n c t i o n s  f o r  two deep d r a f t  locks  w i th  and without  
b r i d g e  curfews,  r e s p e c t i v e l y .  



Table 5 - 8 

Delay Function Parameters 
Existing And Improved IHNC Lock 

(Simulation Method) 

Condition Capacity 
(First-Come:First-Serve) (1.000 Tons) K-Value R-Sauare 

Existing Lock 27.6 2.05 0.8800 

Existing Lock 
New Bridge w/o curfews 

Existing Lock w/o curfews 

900 x 90 x 22 w/curfews 
900 x 90 x 22 wlo curfews 

1200 x 90 x 22 wlcurfews 
1200 x 90 x 22 w/o curfews 

900 x 1 10 x 22 w/curfews 
900 x 1 10 x 22 wlo curfews 

1200 x 1 10 x 22 wlcurfews 
12O0xll0x22w/ocurfews 

900 x 1 10 x 36 wlcurfews 
900 X 11 0 x 36 w/o curfews 

1200 x 110 x36 w/curfews 
1200 x 1 10 x 36 w/o curfews 

3-Uo;3-Down Policv 

Existing Lock 

5-Uo:5-Down Policv 

Existing Lock 



FIGURE 5 - 1. DELAY FUNCTIONS 
EXISTING LOCK 
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FIGURE 5 - 2. - DELAY FUNCTIONS 
SHALLOW . . - .- . DRAFT LOCKS WITH CURFEWS 
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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 
condition 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 
continuedthrough 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 - 2 0 0 1  $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 



o p e r a t i n g  g a t e s  wi th  hydrau l i c  ope ra t ing  systems. The g a t e  
bays  w i l l  be dewatered f o r  i n s t a l l a t i o n  and adjustment of 
t h e  g a t e s .  The lock w i l l  be c losed  t o  nav iga t ion  f o r  s i x  
weeks. 

The e x i s t i n g  g a t e s  a r e  of an obso le t e ,  double sk in ,  r i v e t e d  
des ign  t h a t  r e q u i r e s  i n t e n s i v e  maintenance. The g a t e s  a r e  
designed w i t h  a i r  chambers f o r  f l o t a t i o n  which must be kep t  
evacuated a t  a l l  times. The a i r  chambers l e a k  excess ive ly  
n e c e s s i t a t i n g  f requent  pump-out of t h e  g a t e s .  The 
complexity of t h e  i n t e r n a l  s t r u c t u r e  of the g a t e s  
cons ide rab ly  impacts t h e  r e p a i r  c o s t s .  

I n  t h e  i n t e r e s t  of minimizing lock  c l o s u r e  due t o  r e p a i r s ,  
t h e  t y p i c a l  sequence e n t a i l s  s u b s t i t u t i n g  t h e  a u x i l i a r y  
g a t e s  f o r  t h e  ope ra t ing  g a t e s  when t h e  o p e r a t i n g  g a t e s  are 
removed f o r  r e p a i r s .  This  p r a c t i c e  has  r e s u l t e d  i n  a 
gene ra l  s h u f f l i n g  of a l l  g a t e s  from t h e i r  o r i g i n a l  
p o s i t i o n s .  The g a t e s  were o r i g i n a l l y  c o n s t r u c t e d  i n  p l ace ,  
and a l though t h e  g a t e s  a r e  t h e o r e t i c a l l y  i d e n t i c a l  and 
in t e rchangeab le ,  problems have been exper ienced  wi th  t h e  
f i t  of t h e  g a t e s  i n  v a r i o u s  p o s i t i o n s .  I n  some cases ,  a l l  
e f f o r t s  t o  a d j u s t  t h e  g a t e s  have f a i l e d  t o  draw t h e  q a t e s  
f u l l y  i n t o  t h e i r  r e c e s s e s  i n  t h e  f u l l y  open p o s i t i o n .  T h i s  
has  i n t roduced  t h e  hazard  of t h e  q a t e s  be ing  h i t  by tows 
and t h e  p o t e n t i a l  f o r  s e r i o u s  damages. Replacement of t h e  
e x i s t i n g  Panama Canal t y p e  g a t e  o p e r a t i n g  systems, w i th  
d i r e c t  a c t i n g  hydrau l i c  c y l i n d e r s  would overcome g a t e  
adjustment  l i m i t a t  i ons .  

The c o s t  o f  g a t e  l e a v e  replacement and o p e r a t i n g  machinery 
replacement a r e  e s t ima ted  t o  be $ 4 . 0  m i l l i o n  and $2.3 
m i l l i o n ,  r e s p e c t i v e l y .  Both i tems a r e  scheduled f o r  1999 .  

b . )  Emergency Dam Crane - The e x i s t i n g  emergency dam 
c r a n e  is n o t  cons idered  r e l i a b l e  f o r  emergency c l o s u r e  of 
t h e  loek .  The c rane  does no t  a f f o r d  s u f f i c i e n t  c a p a b i l i t y  
t o  manipulate  t h e  s top logs  t o  ensure  t h a t  t h e y  could be 
lowered i n  a f lowing water cond i t ion .  Consequently 
replacement i s  r equ i r ed .  A 175 ton  c a p a c i t y  boom t y p e  
c rane  o r  s t i f f  l e g  d e r r i c k  w i l l  be r equ i r ed .  NO 
i n t e r r u p t i o n s  t o  nav iga t ion  w i l l  be  r equ i r ed  t o  accomplish 
t h i s  replacement .  The c o s t  of t h i s  work i s  e s t ima ted  t o  be 
$3.5 m i l l i o n  and i s  scheduled f o r  t h e  yea r  2000 .  

c . )  Control  Houses - This  i t e m  w i l l  r ep l ace  t h e  
e x i s t i n g  p r e f a b r i c a t e d  b u i l d i n g s  wi th  permanent masonry 
conc re t e  s t r u c t u r e s .  The e x i s t i n g  c o n t r o l  s t a t i o n s  c o n s i s t  
of  smal l  f i b e r g l a s s  booths  t h a t  house g a t e  and va lve  
c o n t r o l  swi t ches .  The booths  a r e  mounted d i r e c t l y  t o  t h e  
lock  w a l l  and provide  no vantage po in t  f o r  lock  o p e r a t o r s  
t o  observe t h e  progress  of v e s s e l s  e n t e r i n g  o r  e x i t i n g  t h e  



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

Replacement 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, could 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 also 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 associated 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 Outlet. By utilizing this 
route, which is approximately 160 miles long, 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 
prolonged 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. In 
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.  A l t e r n a t i v e  non-system t r a n s p o r t a t i o n  means ( r a i l  and 
non-system wa te r )  a r e  assumed t o  have s u f f i c i e n t  c a p a c i t y  
t o  move d i v e r t e d  system t r a f f i c  a t  c u r r e n t  c o s t s  ove r  t h e  
p e r i o d  of  a n a l y s i s .  

10. Waterway u s e r  t a x e s  w i l l  con t inue  i n  t h e  form of  t h e  
towboat f u e l  t a x  p r e s c r i b e d  by t h e  Water Resources 
Development A c t  of  1986, P u b l i c  Law 99-662. 

11. The c a p a c i t i e s  of  system locks  a r e  a s  p r e s e n t e d  i n  
t a b l e s  5 - 1 and 5 - 8.  

12. T r a f f i c  demands on t h e  system w i l l  grow a t  t h e  mid 
growth rates. 



SECTION 7 - SHALLOW-DRAFT SYSTEM ANALYSIS 
OVERVIEW 

GEM was run to estimate the total transportation cost 
savings (NED benefits) attributable to the with and 
without-pro j ect 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 years explicitly modeled. 

WITHOUT-PROJECT CONDITIONS 

Table 7 - 1 summarizes the results of the without-project 
GEM runs. Displayed 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 locks, 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 results, 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 

Wlhoul-Project Conditions 
Tonnage and Delay by Lcck 

Tons Delay Tons Delay Tans Delay Tans W y  
Lo& (Millionsl (HE) (Millions) (Hrsl (Millions) (HE) (Milfionsl (Hn) 

Port Allen 
Bayou Sonel 
IHNC 
Algiers 
Hamy 
Bayou Boeuf 
Calcasieu 

Total Tons 82.8 
Total Net Savings 1.251.5 
Savings per Ton 15.12 

Tans Dday Tons Dday Tons Delay 
LC!& (Millionsl (Hrs) iMllions\ (Hml (Millions\ IHrs) 

Port Alkn 31.7 2.9 31.9 2 9  32.5 3.2 
Bayou Sonel 
IHNC 
Algiers 27.4 7.3 27.7 8.4 27.7 8.1 
H w e y  . 9.9 1.9 10.2 2.1 9.8 1.8 . . 
Bayou beuf 36.3 7.8 .37.0 16.3 36.6 10.2 - . 
Calcasieu 63.4 88.3 63.7 101.3 63.8 182.7 . 
Total Tons 1023 
Total Net Savings 1.225.6 
Savings per Ton 11.98 



Table 7 - 2 
1-- 

Comparison of Reported 1990 Traffic and GEM Results 
(1,000 Tons) 

Adjusted WCSC Deleted Deleted Comparison 
Adjusted Corrected for Negative GCS Small" "Actual" GEM GEM 

Lock WCSC Routine Movements Movements 1990 Results Differences 

Port AUen 28,210 27,800 161 13 27,626 27,811 1 85 
Bayou Sorrel 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 24,912 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 46,50 1 152 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 
GEM and the difference between GEM and "actual" 1990. 

The GEM results are quite reasonable 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, quite 
substantial, and must be taken into account. 

To quantify the navigation impacts of these outages, the 
GEM was run with a modified navigation network specified. 
The specific modification was to express IHNC Lock capacity 
as zero. This created a situation that effectively 
represented lock closure. With IHNC 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 is heavily 
weighted 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 to 15 days, and 95 percent of 
tonnage up to only 19 days. Consequently, the likelihood 
of diversions is great. 



The closure scenario was run for the year 2000, the 
mid-point of the 5-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 
savings 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 enjoys 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 isolate 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 CONDITIONS 

The with-project scenarios consist of six larger IHNC Lock 
sizes 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 

WIO Project 
(Yr 2000) 

Tons Delav 

IHNC Closure 
Chanqe In: 

Tons Delav 

Lock (1 .OOO\ (Hrs) (1,000) f H rs) 

Port Allen 
Bayou Sorrel 
IHNC 
Algiers 
Harvey 
Bayou Boeuf 
Calcasieu 

Total System 

W/O Pmjecl 
(Yr 2000) 

IHNC Closure 
Chanqe In: 

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

1 



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 exFsting "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 years 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 various 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 outward 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 volume. 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 outward 
shift in the delay function is sufficiently large relative 
to the traffic demand that delay remains low until the 
later years of the period of analysis. The same process 
described above for the "bridge only" alternatives still 
applies in principle however. As such, the new lock 
alternative that produces the smallest increase in capacity 



Table 7 - 4 

IHNC Lock Average Delays 
By ARernative and Year 

(Hours) 

Condition 1990 2000 201 0 2020 2030 2040 2060 

Without Pmjecl 10.4 25.3 40.7 52.5 54.5 60.2 60.2 

Removal of Bridge Curfews 6.3 15.3 38.2 40.7 54.5 54.5 60.2 

Replace St. Claude Bridge 

90Ox90x22ft. 
(With bridge curfews) 

~ O O X ~ O X ~ ~ .  
m h o u t  bridge curfews) 

9M)x110x22n. 
(With bridge curfews) 

9 0 0 ~ 1 1 0 x 2 2 ~ .  
(Without bridge curfews) 

900X 110X36fl. 
(Whh biklge curfews) 

900x l lOx36R.  
(WRhout bridge curfews) 

1 2 ~ ) ~ g o ~ z n .  
(Wnh bridge curfews) 

1200 x 90 x 22 n. 
(Wnhout bridge curfews) 

120OX110X22ft. 
(Wnh bridge curfews) 

i z o o x i i o ~ ~ n .  
(WRhout bridge curfews) 

1 2 0 0 ~ 1 1 0 ~ 3 6 n .  
(Wnhout bridge curfews) 



(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 unconstrained demand. Table 
7 - 7 displays similar 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. Not 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 year, for the various improved conditions. 
These improved future conditions begin to show changes in 
IHNC Lock traffic in the year 2000. These tonnage volumes 
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 Boeuf 
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 consequence of the 
virtually identical with and without-project traffic at the 
other system locks, the with and without-pro j ect 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 



IHNC Lo& Traff'k Accornodated 
By Alternative and Year 

(1,000 Tons) 

Without Pmied 23,056 25,531 26,277 26,564 26,600 26.691 26,691 

Removal of Bridp Curfews 23,056 

Replace St. Claude Blidge 

9 0 0 ~ 9 0 ~ 2 2 n .  
( W h  bridge curfews) 

9wx90x22ft 
(wimout brklge curfews) 

900x110x22ft 
p i t h  bridge curfews) 

900xll0x22R 
(wiiout b r a e  curfews) 

900~11Ox36ft 
(Wnh bridge curfews) 

9OOx11Ox36ft 
(Without bndge curfews) 

1200~9Ox22R. 
(With bridgn cu~aws) 

1200~90xZZft 
. . (Without bidge cutfews) 

1200x110x22ft 
(Wah bridge curfews) 

i ~ o o ~ i i o x 2 2 n .  
(W!iitbul bridge curfews) - 
12Wx 110.x38h. 
(Whh bridge curlews) 

12WxllOx361t 
(whout bridge cudews) 



IHNC Lock Percent of Total Demand Acmmodated 
By Ahernalive and Year 

Condition 1990 2000 201 0 2020 2030 2040 2060 

Removal of Bridge Curfews 

Replace St. Claude Bridge 

900~9OxZZft. 
(Wnh bridge curfews) 

90Ox90x22tt 
(Wkhout bridge curfews) 

90Ox11Ox22h. 
(Wih bridge curfews) 

900xllOx22ft. 
(Without bridge curfews) 

900x 110~36R. 
(With bridge curfews) 

900xllOx36h. 
(Wnhout bridge curfews) 

120Ox90x22R. 
(Wnh bndge curfews) 

1200x90x22R. 
(Without bridge curfews) 

12Wx110x22R. 
, (With bridge curfews) 

1200xllOx22R 
(Wlhaut bridge curfews) 

120Ox110x36R 
(Wnh bridge curfews) 

1200xllOx36ft. 
(Without bridge curfews) 



Table 7 - 7 
IHNC Lock Traffic Unacmmodated 

By Akemative and Year 
(1,000 Tons) 

- 

Ccndiiion 1990 2000 201 0 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 5,617 9,574 14.577 27,418 

Replace St. Claude Bridge 0 0 1,301 4,499 8.532 13,525 26.398 

90Ox90x22ft. 
(With bridge curfews) 0 0 0 0 40 140 11,340 

90ox9Ox22ft. 
(Wihout bridge curfews) 0 0 0 0 40 73 9,596 

900xllOx22ft. 
(Wiih bridge curfews) 0 0 0 0 40 73 1.7?4 

900xllOx22ft. 
(Wiihout bridge curfews) 0 0 0 0 40 73 1.724 

900xllOx36ft. 
(Wih bridge curfews) 0 0 0 0 40 73 1.724 

900x 11Ox36ft. 
(Without bridge curfews) 0 0 0 0 40 73 1,724 

1206x90x22h 
(With bridge curfews) 0 0 0 0 40 73 1,7. 

I ~ O O X ~ O X ~ ~ ~ .  
(Wnhout bdge curfews) 0 ' 0 0 0 40 73 1.724 

1200x 11ox22ft. 
(Wnh bridge curfews) 0 0 0 0 40 73 1.686 

. . 120ox1.1ox22ft. . . 
( ~ i h o u t  briie,curfews) o o o o 40 73\ 1.686 

1200x'110x36ft. 
(Wiih bridge curfews) 0 0 0 0 40 73 1.686 

1 2 c o ~ i i o ~ 3 6 n .  
(Without bridge curfews) 0 0 0 0 40 73 1.686 



Table 7 - 8 

Changes In System Traffic 
By AltematNe ano Year 

(1,COO Tons) 

WIO Pmjea Remove Bridge Replaca SL Claude 90Ox90x22R 9 0 0 x l l 0 x ~ t  
Lock Traffic Curfews Bn&e (With Curfews) rWim Curfews) 

Port Allen 27,811 0 0 0 0 
Bayou Soml 27.095 0 0 0 0 
IHNC 23,056 0 0 0 0 
Algiers 24.501 0 0 0 0 
H ~ Y  3.780 0 0 0 0 
Bayou Bouef 27.967 0 0 0 0 
Calcasieu 46 321 0 0 0 0 

Total System 82,788 0 0 0 0 

Port Allen 30.817 0 0 0 0 
Bayou sMel 29.808 0 0 0 0 
IHNC 25,531 599 €04 604 604 
Algiers 24.513 0 0 0 0 
H ~ Y  4.343 o o o o 
Bayou Bouef 28,616 0 0 0 0 

Gdsasieu 5 0 . 1 8 4 O L O O  

Total System 87.350 599 604 604 604 

Port Allen 31.174 0 0 0 0 
Bayou Sorrel 30,115 0 0 0 0 
IHNC 26.277 . 1,393 2.233 3.534 3.534 
Algiers 26.417 0 0 0 0 
H W  6,920 0 0 0 0 
Bayw Bowl 32.318 0 0 0 0 
Galrsieu f r f i 9 M I O - O -  

Total System 

Port Allen 31.546 0 0 0 0 
Bayau Sorrel ~.308 0 0 0 0 
IHNC 26.564 1.174 2.292 6.791 6.791 
Algiers 27.029 0 0 0 0 
H W  8.609 0 0 0 0 
Bayou b u d  34.652 0 0 0 0 
Calcasieu 62.271 0 0 0 0 

Total System 1W,778 1,174 2,293 6,791 6.791 



Changes In System Traffic 
By Alternative and Year 

(1 .WO Tons) 

WIO Projea Remove %dge Replacs St  Claude 90Ox90x22h 9WxllOX22R 
Lack Tralfic Curfews Bndqe (With Curlews) (With Curfews) 

Port Allen 
sayw Soml 
IHNC 
Alaien -- 
~ k e y  9.850 0 0 151 151 
kyau Bouef 36,313 0 0 182 182 
sa!a+* I f i l 6 4 0 O D -  

Total Syslem 

Pon ~ l l e n  
eayw Sonel 
IHNC 
Algiers 
H-Y 
eayw Bouef 
Calcasieu 

Tot4 System 

Pon Allen 
Bayw Sonel 
IHNC 
Algiers 
H a w  
Bayou Bouef 

Qlwieu 

Toral System 

N O T  Lock W s  may not add to system Iotals due a m m o n  mffic b e w m  lo&ss. 



Changes In System Traffic 
By Allemarive and Year 

(1,003 Tons) 

WK) Pmjed 900~110~36fL  IMOx90~22fL 1 2 0 0 ~ 1 1 0 ~ 2 2 R  1200XllOx36H 
Lock Traffic lW ih  Curfews) (With Curlews) (Wih Curfews1 (Wim Curfews, 

port Allen 
Bayou Sonel 
IHNC 23.056 0 o 0 0 
Algiers 24,501 0 0 0 0 
H-Y 3.780 0 0 0 0 
Bayou Bowf 27.967 0 0 0 0 
Calcasieu 46.321 0 0 0 0 

Told S y s m  82.788 0 0 0 0 

P m  Allen 30.817 0 0 0 0 
Bayou Soml 29.808 0 0 0 0 
IHNC 26.133 604 604 604 604 
Algiers 24.513 0 0 0 0 
H-Y 4.343 0 0 0 0 
Bayou b u e f  28,616 0 0 0 0 
h l w e u  5 0 . 1 6 4 0 0 0 0  

Total System 87.952 604 604 604 604 

Porl Allen 
Bayou Soml 
IHNC . 

H& 6.920 0 0 0 0 
Bayw Eauef 32,318 0 0 0 0 

Labsk-11 J O D  0 0 

Total System . 

2020 

POR Allen 
Bayou Sonel 
IHNC 
Men 
H&S~ 8.609 0 0 0 0 
Bayw b u e f  34,652 0 0 0 0 

Calrarjell - - -Lo  



By ~lkmalive'and Year 
(1.000 Tans) 

W/O PmjBd 900xllOx36R 1200X90x22fL 1200xlIOx22R 1 2 0 0 ~ 1 1 0 ~ 3 6 h  
LC& Trafh tWim Curfews1 (Wih Cudewsl (With Curfews) iWith Curlews) 

Port Allen 31.737 (13) (13) (13) (13) 
Bayou Soml 30.303 
IHNC 27.471 

(12) 
10,933 

(12) 
10,933 

(12) 
10.933 

(12) 
10,933 

Algiers 27.399 32 32 32 32 
H ~ Y  9.850 151 151 151 151 
Bayar Bouef 36.313 182 182 182 182 
I;alcasieu - M O L L -  

Pon Allen 
Bayw Sonel 
IHNC 
Algiers 
Halwv 

Total System 104,011 14.613 14.613 14.613 14.613 

Port Allen 
edyWsonel 
IHNC 
AQiers 27,664 45 47 54 54 
H ~ Y  9.782 262 271 309 309 
Bayw Bowl 36.625 265 265 287 287 

s a b d e u  6 3 . 8 2 5 _ _ _ 9 _ _ _ _ 4 . - 0  
. . .  . . 

. TOM system 105,705 26,112 .26.112 20.112 . \ '  ' 26,112 

NOTE: Lock totals may nor add to system lo& due to m m m  mHb b e w m  lodcs. 



Table 7 - 9 

Changes In System Traffic 
By Alternative and Year 

(1,000 Tons) 

W/O Project 90Ox90x22ft. 900x 11Ox22ft. 900~11Ox36tt. 
 lo&^ Traffic ~ nh ut Cuffews 

Port Allen 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 0 0 
Bayou Bouef 27.967 0 0 0 
Calcasieu 46,321 0 0 0 - 
Total System 82.788 0 0 0 

Port Allen 
Bayou Sorrel 
IHNC 
Algiers 
Hawey 
Bayou Bouef 
Calcasieu 

Total System 

Port Allen 
Bayou Sorrel 
IHNC 
Algiers . 
Harvey 
Bayou Bouef 
Calcasieu 

Total System 

Port Allen 
Bayou Sorrel 
IHNC 
Algiers 
Harvey 
Bayou b u e f  
Calcasieu 

Total System 



Table 7 - 9 

Changes In System Traffic 
By Alternative and Year 

(1,000 Tons) 

WX) Project 90Ox90x22R 9OOxllOx22ft. 90Ox110x36ft. 
Lock Traffic Without Curfews) (Without Cutfewsl Wnhovt Curfews) 

Port Allen 
Bayou Sorrel 
IHNC 
Algiers 
Harvey 
Bayou Bouef 
Calcasieu 

Total System 

Port Allen 
Bayou Sorrel 
IHNC 
Algiers 
Harvey 
Bayou Bouef 
Calcasieu 

Total System 

Port Allen 32.465 0 0 
\ 

.o 
Bayou Sorrel 30,304 ' 0 0 0 
IHNC 26.691 19,203 27,075 ' 27.075 
Alg~ers 27,664 8 47 47 
Harvey 9,782 48 271 271 
Bayou Bouef 36,625 50 265 265 
Calcasteu 63.825 0 0 0 

Total System 

NOTE: Lock totals may not add to system totals due to mmmon traffic betweem lodts 



Table 7 - 9 

Changes In System Traffic 
By Alternative and Year 

(1,000 Tons) 

wio Project 1200 x 90 x 22 n. i 2 o o ~ i i 0 ~ 2 2 n .  i ~ o o x  t t o ~ 3 6 n .  
Lock Traffic (Without Curfews) Wihout Curfewsl lWiihout Curfews) 

Port Allen 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 0 0 
Bayou Bouef 27,967 0 0 0 
Calcasieu 46.321 0 0 0 

Total System 

Port Allen 
Bayou Sorrel 
IHNC 
Algiers 
H~NW 
Bayou Bouef 
Calcasieu 

Total System 

Port Allen 31,174 0 0 0 
Bayou Sorrel 30.115 0 0 .  

\ 
. '  0 

IHNC 26,277 3,534 3.534 3,534 
Algiers 26,417 0 0 \ 0 
Harvey 6.920 0 0 0 
Bayou Bouef 32.31 8 0 0 0 
Calcasieu 56.908 0 0 0 

Total System 96.067 3,534 3.534 3,534 

Port Allen 
Bayou Sorrel 
IHNC 
Algiers 
Harvey 
Bayou Bouef 
Calcasieu 

Total System 



Table 7 - 9 

Changes In System Traffic 
By Alternative and Year 

(1,000 Tons) 

WA3 Project 120Ox90x22R. 1200x l l O x 2 2 R  1200xllOx36R. 
Lock Traffic (Wihout Curfews) (Without Curfews) (Withob? Curfews\ 

Port Allen 31.737 (13) (13) (13) 
Bayou Sorrel 30,303 (1 2) (12) (12) 
IHNC 26.600 10.933 10.933 10,933 
Algiers 27.399 32 32 32 
Harvey 9.850 151 151 151 
Bayou Bouef 36,313 182 182 182 
Calcasieu 63.640 1 1 1' 

Tdal System 102,276 10.734 10.734 10.734 

Port Allen 
Bayou Sorrel 
IHNC 
Algiers ' 

Harvey 
Bayou Bouef 
Calcasieu 

Total System 

Port Allen 
Bayou Sorrel 
IHNC 
Algiers 
Harvey 
Bayou Bouef 
Calcasieu 

Total System 



Existing Lock 
Eia6ng BMge 
wo d e w s  at St. Claude &Id@ 

Exis6ng Lock 
R9lJaca S as& Bridge 

9 0 0 X l l O X 3 6  
w m w w  

m x 1 1 o x 3 6  
wlo anfew 



Smlw-Drah 
Total hawmngl Tianapommn %+n% 

(l~,S1,000,7.nx) A- 

ConBh 1990 m 2010 2020 2030 2x0 rn Averapel\Mua 



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. This 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 
years 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 in 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. 



SECTION 8 - DEEP-DRAFT ANALYSIS 
OVERVIEW 

Benefits to deep-draft navigation arise from two categories 
of deep-draf t vessel activity. The major activity 
category, in terms of both number and magnitude of savings, 
is generated by lockages whichmaybe called "intra-harbor" 
lockages. These lockages result from a vessel's desire to 
use deep-draft loading 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 via 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 loading cargo 
in one section of the port, such as the river, and then 
discharging or loading cargo in the other section before 
exiting the port for the next destination. If the vessel 
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, voyage or "loop" from 
their initial point of cargo handling down the originally 
used entrance channel 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 voyage 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 associated 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 vessels comprising thru 
lockage demand that meet the dimensional requirements of a 
given lock size, will determine the thru lockage benefits 
for each alternative. 

EXCLUSION OF LIQUID BULK MOVEMENTS 

During the discussion of the procedures that follow, liquid 
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 liquid bulk facilities are 
located on the river and with the advent of the Louisiana 
Offshore Oil 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 
liquid bulk. For these reasons, it has been assumed that 
no tankers will demand lock use in the future. While 
perhaps not strictly 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. 



UNCONSTRAINED LOCKAGE DEMAND 

Having identified the two reasons why a deep-draft vessel 
would desire lock service, the next step in determining the 
benefits to improved lock access was to estimate the 
existing level of potential lockages 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 via 
the MF-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: l)industryts 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 
requires 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 vessel to operate from a single 
point, moving cargo to the vessel instead of vice versa. 
As the ongoing program of MF-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 associatedwith 
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 loop and because discouraged loopers 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 vessels 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 is represented by those vessels departing 
tidewater facilities via 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 m e t  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, 
vessels 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) Dw Bulk General Carao Container 

Intra-Harbor: 

Total 

Total 



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 justify the added 
complication of the lockage logistics, some minimum level 
of savings is required. A threshold level of savings equal 
to one hour of vessel 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 vessel 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 vessel that finds thru lockages to be economic. The 
details of this calculation are displayed in table 8 - 2 by 
vessel type and dwt. The table includes the calculations 
for dry bulk vessels. These are displayed for illustration 
purposes only. No dry bulk thru lockage 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 greater 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 assistance 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 unaccomrnodated adjusted demand, is summarized 



Table 8 - 2 

Economic Feasibility O1 Thru Lockages 

1993 Gross Thru Gross Thru Net Thw 
At Sea Savings Savings Savings Equivalent Thw 
Opsr (OperCcst Tug&& -Tug Asst - 1.00Hr Hours Ladc 

DWT Cast ' 2.05 Hrs) . Cost Cost Oper Cost Saved Demand 11 

Container (Foreign) 

General Cargo (Foreign) 

0.88 NO 
1.05 YES 
1.17 YES 
1.29 YES 
1.36 YES 
1.43 YES 
151 YES 
1.55 YES 
1.60 YES 
1.63 YES 

2.05 YES 
0.51 NO 
0.70 NO 
0.79 NO 

- 0.96 NO 
3.07 YES 
1.21 YES 

Dly Bulk (Foreign) 

15.000 504 1033 726 307 -1 97 0.61 NO 
25.000 559 1146 726 420 139 0.75 NO 
35,000 607 1244 726 518 -89 0.85 NO 
40,000 635 1302' 726 576 6 0  0.91 NO 
50,000 681 1396 726 670 -1 1 0.98 NO 
60.000 727 1490 7 3  764 37 1.05 YES 

11 Assumes vessels wwld trans) the lodc il the cosl swings 
of l d n g  are greater than 1.0 hours of operating coat 



Table 8-3 

Unaccommodated Deep-Draft Demand 
Existing Lock 

(Adjusted for Thru Lockage Feasibility) 

Deadweight 
Tonnage 
(1,000) Dry Bulk General Cargo Container 

Intra-Harbor: 

Total 

Thru: 

Total 0 0 28.4 



by lockage type, vessel type, and vessel size in table 8 - 
4. 

UNCONSTRAINED 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 scenario 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 displays total thru lockage demand. 

LARGEST VESSEL ACCOMMODATED 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 vessels for each 
alternative, it was necessary to incorporate the 
appropriate minimum safety clearances 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 sill 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 limits vessel size and the 
light-loading practices prevalent with existing lockages, 
produces the environment which does not push the limits of 



Table 8 - 4 

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

(1 991 ) 

Deadweight 
Tonnage 
(1 .OOO) DN Bulk General Carao Container 

Intra-Harbor: 

Total 

Total 0 15.0 28.4 



Intra-Harbor Lockages 
Total Demand 

Dry Bulk Vessel Type: 

Total 

Vessel Type: General Cargo 

Total 



Table 8 - 6 
Thn! Lockages 
Total Demand 

Vessel Type: Container 

DWT 
(1,000) 

Total 

Vessel Type: General Cargo 

3 15 17.6 21.1 25.2 30.1 .36.0 51.4 
3-1 0 0 0.0 0.0 0.0 0.0 0.0 0.0 
10-20 0 0.0 0.0 0.0 , 0.0 0.0 0.0 
20-30 0 0.0 0.0 0.0 0.0 0.0 O.O:\. , 

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 6.0 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 D W  class would find it economical to transit 
the lock. This result occurs after ships take into account the added expense 
of tug assistance when transiting the lockand 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 



the 31.5-foot sill 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 vessels 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 size 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 vessels 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 6 4  percent of their 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 light-loading at the lock, these light-loading 
factors were used in the determination of the maximum 
vessel draft corresponding to a given lock depth. Because 
there are no existing lockages of container vessels, it was 
not possible to calculate an observable average percent of 
container vessel maximum draft during lockage. As a 
surrogate measure, the light-loading 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. 



Table 8 - 7 

Functional Relationships Between 
Vessel Dimensions and Deadweight Tonnage 

Vessel Type: Dry Bulk 

Length: DWT=(Length/28.5457p3.4129 
wdth: DW=(Wtdth/3.1 751)A3.1 458 
Draft: DWT=(DraftA3.2047) x .3613 

Vessel Type: Container 

Length: DWT=(Length/11.2363)A244992 
Width DWr=(Width/4.2733)*3.3106 
Draft: DWT=(Draft/l .5961)A3.3342 

Vessel Type: General Cargo 

Length: DWT=(LengU1/22.6103)~3.1 179 
Width: DWT=(Width/4.4237)A3.4747 
Draft: DWT=(Dralt/l .2551)A3.051 6 



Table 8 - 8 
Estimated Maximum Vessel Accommodated By Lock Dimension 

By Vessel Type 

DWT (Rounded to the nearest 1.000 D W  

Lock Dry General 
Dimensions Bulk Camo Container 

Lenath (ft) 

Width Iftl 

124,000 
W.F. 

31,000 
W.F. 
W.F. 

18,000 
34,000 

W.F. 

23,000 
55,000 

W.F. 

Draft Ift) 

22 13,000 , . 8,000. 8.000, 
" '  \ 36 91,000 W.F.. 59,000 

! 

Notes: W.F. = Largest vessel of world fleet 
Largest vessel cal&lations forthe draft dimension assume 
five feel undetkeel clearance and a light-loaded vessel. 



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 vessel 
types, dry bulk and container, width is the binding 
constraint. For 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 LOCKAGES AND BENEFIT DETERMINATION 

Given the maximum dwt vessel 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 vessel that could use this lock is 
13,000 dwt. To find the actual number of dry bulk 
intra-harbor lockages for this alternative, one needs to 
view table 8 - 5. In 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. (Uniform vessel 
distribution within a dwt range was assumed. Therefore, 
since the largest accommodated vessel, 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 vessels in 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 
require 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 specific lock 
alternative would be 21.60 hours (22.85 hours loop time 
minus 1.25 hours lock time), times the vessel cost per 



Table 8 - 9 

Maximum Vessel S ies Accommodated By Alternative 
(Rounded to the Nearest 1000 DWTj 

General Constraining Dry Constraining Constraining 
Alternatiie 11 Carqo Dimension Bulk Dimension Container Dimension 

18,000 Width 

8,000 Draft 

20,000 Width 

13,000 Draft 

Width 

Draft 

900x 110x22 8,000 Draft 13,000 Draft 8,000 Draft 

900x110~36  W.F. - 68,000 W~dth 46,000 Wdth 

12Wx 90x22 8,000 Draft 13,000 Draft 8,000 Draft 

1200x110~22 8,000 Draft 13.000 Draft 8,000 Draft 

1200xl lOx36 W.F. - 68.000 Width 46,000 Wdth 

. 11 Assumes 5 ft of underkeel clearance is required for all vessels. 
W.F. = Amknmodates largest vessel of world fleet 



hour, 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 vessel 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 via 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 
required for lock transit, times the number of thru 
lockages. Tables 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 summarizes 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 year 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 less than the vessel that can be 
accommodated by the existing lock. As a consequence, 
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. 



Inba-hbw Lo-s 
TranspMtatan Savings 
ALT: ExlsUng Lo& 

(Savings In 1993 Dollars) 

0 WT Hrly 1991 1991 2000 moo 2010 2010 2020 2020 2030 2030 2040 2040 2060 2060 
jl.CO0) Cost Vesasls Savlnas Vessels Savinas Vessels Savhss Vessels Savinos Vessels Savim Vessels Savmos Vessels Savinas 

vessel Type: hy Bulk, Foreign Flag 

Vessel Type: General Cargo, Forelgn Rag 

Total 

Grand Total 930,720 1,092,821 1,306,252 1,561,366 1,866,904 . 2,230,798 3,187,247 



' InIra-Hattarlackages 
TranspWh Savings 
ALT: 9 0 0 x 9 0 ~ 2 2  

(Savhgsjn 1983 Ddbrs) 

.--- -- 

D W  1991 1991 2000 20W 2010 2010 2MO 2020 2030 2030 2040 2040 2060 20M) 
J .mOi Ves& Sahw Ve& Sevlnm Vessels Savinm Vessels Savinas Vessels Savinos Vessels Savinas Vessels Savhas 

Vessel Type: Dry Buk, W i n  Fkg 

Total 

Vessel Type: General Cargo, Foreign Rag 

Total 

Grand Total 669,416 786,W 939,515 1.123.004 1,342,330 1,604,490 ' 2292,411 
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1ntra;Harbor LDckages 
Transmrtation Sadnas 
ALT:'WXIIOXG 

(Savings in 1993 Dolks) 

- 

DWT H dY 1991 1991 hXM 2000 2010 2010 2020 2020 2030 2030 2040 2040 2 W  2060 
Il.Oa01 Cost Vessels Savinqs Vessels Sadnos Vessels Savinos Vessels Savinos Vessels Sav~nos Vessels Savinas Vessek Savinos 

Vessel Type: Dly Bulk, Fweign F!ag 

Total 

Vessel Type: General Cargo, Foreign Flag 

Total 118.0 880.566 1386 1,033,932 1656 1,W,861 198.0 1,477,228 236.6 1,765,734 282 8 2.1 10.586 4M 1 3,015,495 

Grand Tokl 1,412,550 1.658.687 1,982,633 2,369,845 2,832,682 3,385.91 1 4,837,613 



Table 8 - 14 

DWT 1991 1 1991 2000 2033 2010 2010 2020 20X) 2030 2030 2WO 2040 2060 2060 
J 1 . m  Vessels I Savhm Vessels Savinm Vessek . Sahos Vessels Savirms Vessels Savinas Vessels Sakims Vessels Saunas 

I 

Vessel Type: General Cargo, Foreign T 

Total 

Orand Total 1669,416 786.006 939.515 l.l23,a)4 1.342.330 1,604,490 2292.41 1 

I 
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ALT: 9 1 0 ~ 9 o ~ z i  
(Savings in 1993 Dollars) 

DWT Hw 1991 1991 2WO ' 2000 ZU10 2010 2003 PP 2030 2030 2MO 2040 M60 MM) 
(1,030) Cost Vnssels Vessek Savinas Vessels .?ah Vessels Savhs  Vessels Sam Vessels Saviws Vesssls Savi- 

Vessel Type: Container, Foreen Flag 

Vessel Type: General Cargo. Foreign flag 

Grand Total 10,625 



Thm Lodcsges 
Transportation Savings 
ALT: 900x110~22 

(Savings in 1943 Dollars) 

D WT HrfV 1991 1991 2000 2000 2010 2010 2020 2020 2030 2030 WO 2040 20M) a50 
l1.000~ Cost Vessels Savinas Vessels Savinas Vessels . Savinas Vessds Savinss Vessels Savinas Vessels Savinss Vessels Savinos 

Vessel Type: Container, Foreign flag 

Total 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Vessel Type: General Cargo, Foreign flag 

Total 

Grand Total 



-- 
O W  H* 1991 1991 2000 XXY) 2010 2010 2022 2020 2030 2030 2040 2040 M60 2060 

0 0 S S s ad 

Vessel Type: Conlaher. Foreian Flag 

Vessel Typ: General Cargo. Foreign flag 

Grand Toral 54.765 64,304 ' 76.863 . 91.874 109.817 131265 187.544 
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Table 8 - 22 

'Thru L o c b p  
TranspxWm Savings 
ALT:lmOx110x22 

(Savings m 1993 Ddlers) --- 
DW H r l ~  1991 1991 2000 XY)O 2010 2010 m MX) PSI 2030 2040 2040 2060 2x.o 
u.'x'J) Cost *sels Savlnas Vessds % v i m  Vessels !+ms Vesrels Sawras Vessels Savlnas Vessels Savinas Vessels Savinas 

Vessel Type: Contaher, Fwdgn Flag 

Total 

Vessel Typ: General Cargo, Foreign Flag 

3 
0.10 
10-20 
20X) 
.?a40 
4@50 
5060 
60-70 
7040 
8 o m  

Total 

Grand Total 10,626 12,477 14.913 17.826 21.3M) 25,469 36.389 
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Table 8 - 24 

--- 
Total DeepDraft Lockages 

I 
Alternative 1 1991 2000 201 0 2020 2030 2040 2060 

I 

Existing: 1 lntra 123.0 144.5 172.6 206.4 246.6 294.8 421.2 

I Thru .I 5.0 17.6 21 .I 25.2 30.1 36.0 51.4 
Total 138.0 162.1 193.7 231.6 276.7 330.8 472.6 

900x 90x12 tntra 
Thru 
Total 

1 Total 

900 x 110 x 46 lntra 
Thru 

I Total 

1200x gox+ lntra 
Thru 

I Total 

1 2 0 0 x 1 1 0 ~ ~  lntra 

I 
Thru 
Total 

I 

I 200 x I I 0 x 316 lntra 

1 Thru 
Total 

I 



Table 8 - 25 

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

Alternative 

Existing lntra 
Thru , 

Total 

900 x  90 x  22 lntra 
Thru 
Total 
Incremental 

9 0 0 x 1 1 0 ~ 2 2  'Intra 
Thru 

' Total 
lncremerital 

9 0 0 x 1 1 0 ~ 3 6  lntra 
Thru 
Total 
Incremental 

1200x 90x22 lntra 
Thru 
Total 
lncremental 

1200x110~22  lntra 
Thru 
Total 
Incremental 

1200x110~36  lntra 
Thru 
Total 
Incremental 



Table 8-26 

Total and Incremental Average Annual Benefits DeepDrafI Navigation 
($1,000'~ -- 1994 Price Levels, 7.75 Percent) 

Total Incremental 
Benefits Benefits 

Existing Lock 

11 Average annual equivalents are measured overthe period 201 1 - 2060. 
21 Average annual equivalents are measured over the period 201 2 - 2061. 



SECTION 9 - VEHICULAR TRAFFIC ANALYSIS 
VEHICULAR TRAFFIC MODEL 

OVERVIEW 

The IHNC vehicular 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 interface 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 techniques 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 subsequent 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 approach sections. 

Costs--bridge user costs are the sum of (1) auto, truck, 
and bus vehicle running costs and (2) the value of vehicle 
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, oil and maintenance, 
and mileage-dependent depreciation. 



b. Value of travel time--a dollar value of an 
individual's time while in transit. This value 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 it includes 
factors that determine the incidence and magnitudes of user 
costs associated with vehicle trips which cross the IHNC. 

a. Highway capacity--the maximum number of vehicles 
that can pass over a section of roadway during a given time 
period under specified roadway 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 determinedby 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 volume (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 is 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 service 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 vehicles (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 is queuing due to the additional time delays 
encountered during such conditions. If queuing occurs at 
peak-hour periods, when a roadway is carrying 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 employed 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 below reflects a simplifying 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 is 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 (q), it is released at a rate 
( % I ,  and builds a queue while the arrival rate exceeds the 
departure rate. At a later point, arrival rates become 
less than departure rates and the queue dissipates. The 
vehicle arrival rate is 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 vehicles approach the 
queue is greater than their speed over the ground, and 
therefore, the maximum density per lane (km) is assumed for 
all queued vehicles and is based on a spacing of 22 
ft/vehicle or 240 veh/mi/lane. 

The following equations describe the basic relationships 
required to calculate delay time to vehicles. 



The rate of vehicles arriving in the queue is: 

9 = q~ [1 + ( - ) / (NL X SPD,, x k,,, - q,)], where 

q, = arrival rate (demand volume) 

q, = release rate (capacity) 

NL = number of lanes 

SPD, = average speed of vehicles approaching from upstream 

k,,, = density of vehicles per lane 

Average delay due to the queue is: 

AD = [T ( q / q ,  - 1) + Rl *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 is 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 period, the analysis 
does not have to reflect directional traffic flow 
differences. 

In order to model all-day traffic with peak and off -peak 
periods, 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) - - 

14 off-peak hours x 249 weekdays - - 
18 off-peak hours x 104 weekend days 

996 hrs 

3,486 hrs 

1,872 hrs 



18 off-peak hours x 12 holidays - - 216 hrs 

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 
associated with free-flow transit of the analysis section. 
These costs include running costs of the vehicle and the 
value of passenger time. To calculate navigation 
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 values must be specified: total daily vehicles 
for all bridge crossings; each bridge's share of total 
vehicles; the percent of a bridge's daily volume that 
represents a single hour of peak and off-peak traffic; and 
the percentage of each vehicle type for peak and off-peak 
periods. The product of these values yields 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 
speed 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 is coterminous with the length of the high-rise 
bridge. For the lower-level bridges which span shorter 
distances than the high-rise bridge, level running 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 



Table 9-1 

Average Daily Traffic and Traffic Splits 
Selected Years 

Condition 1990 2000 2020 
Number % Number % Number % 

Without-Project 

St.Claude (low) 29,875 35 30,851 33 32,334 34 

Claiborne (mid) 

Florida (low) 
(high) 

Total 

With-Project 

St.Claude (low) 

Claiborne (mid) 

Florida (high) 

Total 

With-Project 

St.Claude (mid) 

Claiborne (mid) 

Florida (high) 

Total 

Source: Regional Planning Commission for Jefferson, 
Orleans, St. Bernard and St. Tammany Parishes, 
Inner Harbor Navi'ation Canal. Lock ke~lacement 
Proi ect . Traffic Imwact Analvsis, September 
1993. 

Notes: Exclusive 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 roads. 



Table 9-2 

Distribution of Hourly Traffic Volume 
By Bridge, Vehicle Type and Period 

(in percent) 

Vehicle St. Claude Claiborne Florida 
Type 

Peak Off -Peak Peak Of f-Peak Peak OEf-Wc 

Automobiles 7 0 90 70 8 0 7 0 8 

Single Unit Trucks 2 0 7 15 10 15 m 
Large Trucks - 10 - 3 - 15 - 10 - 15 - m 

Busses 

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: Busses 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) 

Existinq 

st. Claude (low) 

Claiborne (mid) 

Florida (low) 

Without-Proiect 

St. Claude (low) 

Claiborne (mid) 

Florida (high) 

With-Proi ect 

St. Claude (low) 

Claiborne (mid) 

Florida (high) 

With-Proiect 

St. Claude (mid) 

Claiborne (mid) 

Florida (high) 



Table 9-4 

Peak Free-Flow 
Vehicle Speeds 

(in mph) 

Condition 1990 2000 2020 

Without-Project 

St. Claude (low) 

Claiborne (mid) 

~lorida (low) 
(high) 

With-Project 

St. Claude (low) 

Claiborne (mid) 

Florida (high) 

With-Proi ect 

St. Claude (mid) 20.0 15 .0  1 5 . 0  

Claiborne (mid) 20.0 15 .0  1 5 . 0  

Florida (high) 55.0 55.0  55.0 

Source: Regional Planning Commission, Inner Harbor 
Naviaation Canal. Lock Replacement Project. 
Traffic Imwact Analysis, September 1993 .  

USACE ( 1990  without-project) . 
Notes : Speeds in the year 2 0 1 0  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 Cars 

(1992 Costs in Dollars per 1,000 Vehicle Miles) 

Speed -5%Grade Level +2%Grade +4%Grade +6%Grade 

Sources: American Association of State Highway and 
Transportation Officials, A Manual on User 
Benefit Analysis of Hiahwav and Bus-Transit 
Improvements, 1977. 

Note: 

USACE Update using U . S . Dept . of Commerce, Bureau 
of Labor Statistics, 1992 Consumer Price Index 
and Producer Price Index. 

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%Grade +4%Grade +6%Grade 

Sources: American Association of State Highway and 
Transportation Officials, A Manual on User 
Benefit Analvsis of Hishwav and Bus-Transit 
ImDrovements, 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 vehicle 
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) 

- -- ~~pp~ - pp 

S~eed -5%Grade Level +2%Grade +4%Grade +6%Grade 

Sources: American Association of State Highway and 
Transportation Officials, A Manual on User 
Benefit Analvsis of Hiahwav and Bus-Transit 
Imorovements, 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 is $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 vehicle crossing 
for each vehicle type for peak and off-peak periods. The 
value of time per vehicle crossing is equal to [length of 
analysis section/vehicle speed] times value 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 
number of vehicles times the cost per trip. User costs for 
a representative hour are equal to the number of vehicles 
times the value of time per vehicle crossing. Hourly 
running costs and user costs are summed and converted to an 
annual basis by multiplying 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 
year, 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 requires an interface with the level of navigation 
activity. The calculation of navigation dependent costs is 
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 equal 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 is 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) 

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 
Occupant Time 

Hourly (1) 
Operating Cost 

Sou .rces: 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 annual 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 
period. In addition to bridge openings due to barge 
traffic, bridge openings due to ship traffic must also be 
considered. For bridge opening purposes, all ship traffic 
is 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 equal 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 is 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) 

Condition Single Additional Tow Deep Draft 
TOW Increment Vessel 

Existins 

St. Claude 
(low) 7.1 

Claiborne 
(mid) 6.2 

Florida 
(low) 5.2 

Future Without-Project 

St. Claude 
(low) 7.1 

Claiborne 
(mid) 6.2 

Florida 
(high) 0.0 

With-Proi ect 

St. Claude 
(low) 7.1 

Claiborne 
(mid) 6 .5  

Florida 
(high) 0.0 

With-Proi ect 

St. Claude 
(mid) 

Claiborne 
(mid) 

Florida 

Sources: USACE from Louisiana Department of Transportation 
and Development bridge log data (existing 
condition and without-project) . 

USACE from USACE river stage data and WCSC 
towboat height data (with-project) . 



Table 9-10 

Percent of Vessel Requiring 
Bridges to Open 

Condition Shallow Draft Deep Draft 

Existinq 

st. Claude (low) 

Claiborne (mid) 

Florida (low) 

Without-Project 

St. Claude (low) 

Claiborne (mid) 

Florida (high) 

With-Proi ect 

St. Claude (low) 

Claiborne (mid) 

Florida (high) 

With-Project 

St. Claude (mid) 25.8  

Claiborne (mid) 25.8  

Florida (high) 0.0 

Sources: USACE from Louisiana Department of Transportation 
and Development bridge log 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) 

Without-Proiect 

St. Claude (low) 

Claiborne (mid) 

Florida (low) 
(high) 

Without-Project 

St. Claude (low) 

Claiborne (mid) 

Florida (high) 

With-Proi ect 

St. Claude (mid) 0.9 

Claiborne (mid) 0.9 

Florida (high) -- 

SOURCE: USACE from Louisiana Department of Transportation 
and Development bridge log data. 

Note: 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 is open during an 
hour] times demand volume. The arrival rate and average 
delay are calculated as described earlier in the queuing 
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: value 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 vehicle 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 
annual basis by multiplying by the annual number of period 
hours. 

DIFFERENTIAL RUNNING SPEED APPROACH 

As an alternative to the queuing method, a simpler 
technique is available with use of the differential running 
speed approach. The essence of this methodology requires 
the use of differential average running speeds that 
characterize the periods inclusive and exclusive of a 
bridge opening. The use of slower speeds 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 queuing 
method. The following steps are required. 



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 
scenario. The bridge open percentage is calculated in 
exactly the same manner as previously described in the 
navigation dependent costs portion of the queuing method. 
Running cost per trip is then calculated using this 
weighted speed (see table 9 - 1 2 ]  . 

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. Queuing 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 queuing-based methods 
yielded 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) 

Exist inq 

St. Claude (low) 
free-f low 
interrupted 
weighted 

Claiborne (mid) 
free-f low 
interrupted 
weighted 

Florida (low) 
free-f low 
interrupted 
weighted 

Without-Proi ect 

St. Claude (low) 
f ree-f low 28.0 
interrupted 8.0 
weighted 26.0 

Claiborne (mid) 
f ree-f low 26.0 
interrupted 9.0 
weighted 23.9 

Florida (high) 
f ree-f low -- 55.0 



Table 9-12 (continued) 

Off -Peak 
Vehicle Speeds and Bridge Open Times 

Condition Bridge Open Time Speed 
(in minutes) (in mph) 

With-Proi ect 

St. Claude (low) 
f ree-f low 
interrupted 
weighted 

Claiborne (mid) 
free-flow 
interrupted 
weighted 

Florida (high) 
free-f low 

With-Project 

St. Claude (mid) 
f ree-f low 
interrupted 
weighted 

Claiborne (mid) 
f ree-f low 
interrupted 
weighted 

Florida (high) 
free-f low 



such a degree that the impact of the interrupted component 
was 10s t . 

However, for off-peak analyses, the queuing approach did 
not appear to generate realistic results. This was 
primarily due to the low traffic volumes affected by the 
bridge openings. The queuing method is valid 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, use of the running-time approach 
utilizing properly weighted running speeds was selected as 
the preferred method for off-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 
table 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 vehicles will incur 
considerable delay before diverting to alternate routes. 

The future without-proj ect 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 Regional Planning 
Commission for Jefferson, Orleans, St. Bernard and St. 
Tanunany 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 to 33, 45, and 22 
percent on St. Claude, Claiborne, and Florida, 
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 volume. 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 is 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 St. Claude from being raised as 



Table 9-1 3 
Vehicle Costs 
Without-Project 
(in 1992 $1,000) 

PEAK NAVIGATION DEPENDENT COSTS 
St. Claude 4,929 5,465 6,344 6,444 6,444 6,444 6,444 
Claiborne 1,364 1,259 764 783 783 783 783 
Florida 1.507 0 0 0 0 0 0 

TOTAL 7,800 6,724 7,107 7,227 7,227 7,227 7,227 

PEAK NAVIGATION INDEPENDENT COSTS 
St. Claude 3,610 3,978 4,460 4,495 4,495 4,495 4,495 
Claiborne ,6,765 6,671 5,840 5,886 5,886 5,886 5,886 
Florida 1,415 1,553 1,709 1,723 1,723 1,723 1,723 

TOTAL 11,790 12,202 12.009 12,104 12,104 12,104 12,104 

TOTAL PEAK COSTS 19,589 18,926 19,116 19,332 19,332 19,332 19,332 

OFF-PEAK COSTS 
St. Claude 4,100 4,264 4,444 4,478 4,481 4,481 4,481 
Claiborne 6,863 6,641 6,275 6,322 6,324 6,324 6,324 

. , Florida 1,706 2,353 2,593 2,619 2,619 2,619 2,619 
. \ .  .. 

- TOT OFF-PEAK COST 12,669 . 13,258 13,312 13.41 9 13,424 13,424 '1 3!424 

GRAND TOTAL COST 32,258 32.1 84 32,428 32.751 32,756 32,756 32,756 

NOTE: Columns may not add due to rounding 



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 
year 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 reduced in a with-project condition. 
Reductions in navigation dependent costs represent the bulk 
of vehicular 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 queuing 
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 is 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 volumes are 
responsible for increases in future without-project costs 
over the time period. Decreased traffic volumes on 



Table 9-1 4 
Vehicle Delays 
Without-Project 
(in 1992 dollars) 

1990 2000 201 0 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 21.5 21.6 21.6 21.6 
% HR DELAY PEAK 15.8 17.0 19.1 19.2 19.2 19.2 19.2 

$ DELAYNEHICLVHOUR - 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 2.064 
H W  TRUCKS 2.078 2.241 2.512 2.534 2.534 2.534 2.534 
BUSSES 34.053 36.684 41.1 58 41.526 41.526 41.526 41.526 

CLAIBORNE 
% HR OPEN PEAK 0.9 
% HR OPEN OFF-PEAK 2.5 
% HR DELAY PEAK 3.3 

$ DELAYNEHICLERIOUR - PEAK 
AUTOS 0.194 
SM TRUCKS 0.352 

, HWTRUCKS 0.431 
BUSSES 3.1 43 

FLORIDA. 
% HR OPEN PEAK 11.5 
% HR OPEN OFF-PEAK 14.8 
% HR DELAY PEAK 13.6 

$ DELAYNEHICLUHOUR - PEAK 
AUTOS 0.808 
SM TRUCKS 1.465 
HVY TRUCKS 1.795 



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 volume, the increased efficiency of traffic 
relocated from Claiborne 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 if 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 vehicle 
model ' s output 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 year 
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 9-1 5 
Vehicle Costs 
1200x1 10x36 Lock with curfew 
(in 1992 $1,000) 

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 

PEAK NAVIGATION INDEPENDENT COSTS 
St. Claude 3,501 3,517 3,542 3,567 3,567 3,567 3,567 
Claibome 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 

TOTAL PEAK COSTS 13,725 14,196 14,803 15,411 15,880 15,880 15,879 

OFF-PEAK COSTS 
St. Claude 3,674 3,713 3,752 3,798 3,819 3.845 3,915 
Claiborne 5,438 5,472 5,514 5,559 5,563 5,567 5,579 
Florida 4,383 4,409 4,443 4,476 4,476 4,476 4,476 

TOT OFF-PEAK COST 13,495 13,594 13,708 13,832 13,857 13,887 13,970 

\ 
! 

GRAND TOTAL COST 27,220 27,790 28,512 29,244 29,737 29,767 29,849 

NOTE: Columns may not add due to rounding 



Table 9-16 
Vehicle Delays 

1200x1 10x36 Lock with curfew 
(in 1992 dollars) 

ST. CLAUDE 
% HR OPEN PEAK 6.60 7.50 8.50 9.50 10.50 
% HR OPEN OFF-PEAK 6.90 7.70 8.80 9.80 11.00 
% HR DELAY PEAK 9.50 10.80 12.50 14.10 15.70 

$ DEIAYNEHICLE - PEAK 
AUTOS 
SM TRUCKS 
H W  TRUCKS 
BUSSES 

CIAlBORNE 
% HR OPEN PEAK 0.90 0.90 
% HR OPEN OFF-PEAK 1.30 1.50 
% HR DELAY PEAK 1.30 1.30 

$ DEIAYNEHICLE - PEAK 
AUTOS 0.08 0.08 0.08 0.08 0.08 0.08 0.08 
SM TRUCKS 0.14 0.1 4 0.1 4 0.14 0.14 0.1 4 0.14 
H W  TRUCKS 0.17 0.17 0.17 . 0.17 0.17 0.17 0.17 
BUSSES 1.21 . 1.21 1.21 1.21 1.21 . 1.21 . . .1.21 

\ 
FLORIDA 
% HR OPEN PEAK 
% HR OPEN OFF-PEAK 0.00 0.00 
% HR DELAY PEAK 0.00 0.00 

$ DELAYNEHICLE - 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 
H W  TRUCKS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 



Table 9-17 

Total Transportation Costs and Savings Summaby 
(in 1992 $1.000) 

1990 2000 2010 2020 2030 2040 2060 Average 

Wilhout-Projed 
w1curfew 
~ 1 d ' ~ e r ~ b n  adjustment 

WIO curfew 
wldiversion adjustment 
Savings 

Bridge Only wlo curfew 
wld~ersion adjustment 
Savings 

900x90~22 wlcurfew 
Savings 

900x1 10x22 wlcurfew 
Savings 

900x1 10x36 wkurfew 
Savings 

1200x90~22 wlcurfew 
Savings 

1200x1 10x22 w1curfew 
Savings 

1200x1 10x36 wbrfew 
Savings 

900x00~22 WID curfew 
Savings 

900x1 10x22 wlo curlew 
Savings 

900x1 10x36 wlo curfew 
Savings 

1200x90~22 wlo curfew 
Savings 

1200 x110x22 wlo curfew 
Savings 

1200x1 10x36 w/o curfew 
Savinqs 

llOver the oericd 1996-2045 
ZOverthe ber.cd 2004-2053 
3Cver the oe r i i  201 1-2060 
4/&er the berid 2012-2061 



project scenario known as "Bridge Only" calls for the 
existing lock to be rehabilitated, and to have a new mid- 
level St. 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 in St. 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 be 
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 vehicle trips 
and, theref ore, requires the same adjustment to total 
vehicle costs as was required 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 subject to Mississippi River stage 
fluctuations. 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 vessel 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--1200x110~36. 
Direct comparison to the without-project cost table 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-pro j ect 
delays in table 9-16 do not reach the maximum allowable 
openings for St. Claude until the year 2030, unlike in the 
without-project scenario. Despite higher navigation 
traffic volume 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 alternative, 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 costs 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 of 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-lockage 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 is 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, S-Y OF BENEFITS, AND 
ECONOMIC JUSTIFICATION 

PROJECT COSTS 

FIRST COSTS 

Project expenditures by year 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 13-year implementation period. The 
remaining lock construction alternatives require a 12-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 years 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. 



Construction Expenditures By Year 
Exclusive of Mitigation Cost 

(1 996 Prices; $1.000'~) 

Bridge 
Onh, 900 x 90 x 22 900x110~22  900x110~38  

629.8 5,152.4 5,328.4 5,884.1 

629.8 31,773.0 31.972.9 32,604.4 



Table 10 - 2 

Mitigation Expenditures By Year 
(1 996 Prices; $1,000'~) 

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 
201 0 1,043.0 

Total 18,156.4 33,007.3 33,007.3 



Table 10 - 3 

Cost Summary 
(1996 $1,000, 7.375 Percent) 

Bridge 
Only 

Remove 
Bridqe Curfews 

Construction Costs 0 
Mitigation Costs 0 
Nav Losses During Const 0 

Total Costs 0 

m 
P.V. const Costs 

I P.V. Mitigation Costs 
N P.V. Nav Losses z 

Total P.V. Costs 

Annual Construction Costs 0 
Annual Mitigation Costs 0 
Annual Nav Losses 0 
Annual Permanent DD Losses 0 
Annual O&M Costs 0 
Induced Vehicular Losses 8,581 

Total Annual Cost 

Base Year 



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 category 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 LEVEL UPDATING 

OVERVIEW 

Price level updating must be employed 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, 1993, and 1992 
prices, respectively. Navigation Losses Prevented from 
Rehabilitation Closures were also 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 1996 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 I W R  costs for individual 
towboat sizes and barge types were compared, and the 
percent change for each piece of equipment 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-Drafl Vessel Operating Cosb 
(Total Hourly Cost) 

I Barqe Ooeralinq Cost 

Open O W  Covered Tankdb skin Tankdb skin Tankdb skin Tankdb skin Tank dbskin Tankdb skin 
Dsdc Deck H O W  Hopper H o p w  wimout coils winout mils wlhout mils with coils with mils with mils 



decrease of approximately 18.1 percent to an increase of 
7.3 percent. 

In order to convert these ranges of values 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 years 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 vessel 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 having 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 vessel types 
discussed above. The number of ships demanding a lockage 
within each dwt class was used as the weighting factor. The 



IWR Deepordl Vessel Opratlng Costa 
(Total At Sea Hourly Cost; D W  In Thousands) 

VessaI Type: 
Dw Bulk. Forelan Flag 

FY 1895 

FY 1535 

it01 %of %Chengo WpledChange 
vessel TYW Shlps Total In CDIIS In Cmls 

Dly Bulk 45 21.8% -11.6% -2.5% 

GenerelCamo 133 64.4% 2 . W  1 .% 

Cost 
DWT WOt 

20.30 XShles Cost 

IS57 16 S1sB.W 

$485 16 $17244 

Vessel Type: 
General Cargo. Forelgn F 

FY 1993 

FY 1995 

Cost 
DWT wet 
0 -10 UShlps Cost 

SSa 1 $10.18 

$331 1 $7.36 

Cwt 
DWT Wgt 

10-20 1Shlps Cost 

1557 M W . 7 6  

$405 M $72.93 

Total 
Tomlu W o l d  
Shlps Cost 

28.4 SS31.39 

28.4 1965.16 

Cost 
DWT WQt 

30-40 #Ships Cost 

WJS M m S . 3 3  

1548 20 $24356 

Cost 
DWT wgl  

10.20 #Shlw Cost 

5508 4 $45.18 

$408 4 $36.27 

TMal 
Total# Wgled 
Ships Cosl 

$133 $347.07 

$133 $357.03 

Cost 
DWT Wgl 

3 IShlps Cost 

$308 110 W . 7 4  

$333 110 $275.41 

Cost 
DWT Wgt 

30-40 UShlc-3 Cost 

$1.2M 3 $133.52 

$1,235 3 $130.40 

Cast 
DWT wgl  
3.10 #Shlpl CDDl 

$380 3 $8.57 

$385 3 tB.W 

Cost 
DWT WPt 

20 -30 XShle6 Cost 

1978 23 S782.M 

$951 23 $789.87 

Vessel Type: 
Container. ~ore lgn  Rag 

FY 1893 

FY 1995 

Cost 
DWT w!3t 

40-50 XShlc-3 Coal 

$656 4 $5831 

1510 4 $54.18 

Cost 
DWT WQt 

10-20 XShlps Cost 

$779 2 4  165.83 

$646 2.4 $54.76 

TMal 
Tolala Wgled 
Shlc-3 Cost 

45 $581.02 

45 S13tQ 



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 vessels; 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 values 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 purpose of price level updating that the 1993-1995 
change was appropriate to reflect the 1993-1996 change. 

VEHICULAR 

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 Benelll Summary 
(1996 $l,mO. 7.375 Percent) 

Remove 
m g e  c u r b 6  

Shallow DraU 9.497 
Deep Omh 0 
Vehblar 0 
Savlngs to Fed 0 
Malnt Clmvre - 

Nav Losses R ~ ~ ~ n t e d  0 

Base Year 

Bwle  
Onlv 800~90x22 9WXllOX22 BWXllOW6 1 2WrOOX22 12Wxll(KL2 12WlllOx36 
WIO Wnh wlo wilh wlo Wilh wlo with wm with wb wilh wb 

CurfSWs Curfews CUdBWS CUdeW3 Cudews C Y ~ ~ W S  ----- c u d ~ ~ ~  C u d ~  c u w s  curfews c u w s  c u d ~ ~  curfews - - - - - 



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 alternative, 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 vary 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 year 2010 or 2011, 
depending on the alternative, to the end of the 50-year 
project life. The starting year 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 value 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 requires 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 1999-2002 period identified as the time frame 
for the scheduled maintenance work. 

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 displayed. 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 year 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 techniques, 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 value 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 af f ected. Net benefits are maximized with the 900 





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 I), 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 significantly affecting benefit 
estimates, and ultimately, in 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 
described earlier in Section 2. The result of 
incorporating those projected traffic volumes 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, is 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 orowm scanado 

IHNC L d  Traffic Acmmcda6d 
(1,000 Tons) 

Allerna6ve 1990 rmX, a 1 0  ZE3 2WO M40 X)M) 

Without Pmjed 23,056 P,888 25,122 25.728 26,277 26277 26,691 

Rornovd of Wdge Curfews 

Replace St C h d s  Bridge 

9 W x 9 0 ~ 2 2 f t  
(Wih bi@e curfews) 

9WxWx22R 
(Wihwt btidge curfews) 

9cox11ox22ft 
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Table11 -2 
Low Growth Scenark 
lHNC LC& Average Delays 
By Alternative and Year 

(Hours) 

Condition 1990 2030 201 0 2020 2030 2040 2060 

Wiout  Pmjed 10.4 10.0 20.8 28.2 40.7 40.7 60.2 

Removal of Bridge Curfews 

Replace St. Claude Bridge 

90ox9Ox22n 
(Wth bridge cutfews) 

90Ox90x22h 
(Wihout bridge urrfews) 

900xl10~22ft .  
(With bridge curfews) 

~ O O X I I O X ~ ~ ~  
(Wthout bridge curfews) 

9OOxllOx36ft 
(With bridge curfews) 

900x 110~36R. 
(Wthout bridge curfews) 

12Wx90x22h. 
(Wih bridge curfews) 

i 2 0 0 ~ 9 0 ~ z n  
(Without bridge curfews) 

1 2 0 0 ~ 1 1 0 ~ 2 2 n  
(W~th bridge curfern) 

1200X110~22ft 
(Wiihout bridge curfews) 

12M)xllOx36ft. 
(With bridge curfews) 

1200X110X36fL 
(Without bridge curfews) 



Table11 - 3  
Lcm Gmwm Scenalia 

IHNC Lock Penant of Total Demand Acmmodated 

Alternative 1990 XxX a310 2020 2030 M40 X)60 

Without Pmjed 

Removal of Bridge Curfews 

9 ~ ~ 9 0 x 2 2 ~  
( w i  m e  curfews) 

900xIlOx22R 
(Mi bridge curfews) 

900XIlOX22fL 
(Without bti5ge w h )  100 100 

100 100 

100 103 

100 la, 

900xIlOx36R 
(Wih bridge curfews) 

W X I I O X ~ ~ R  
(Without bridge a h )  

1 m x 9 0 x 2 2 f t  
(Wih bridge curfews) 

1 m x ~ x 2 2 t  
(Without bridge w h )  

I ~ X I I O X Z ~ ~  
( W i  bridge curfews) 

1mx11ox22n  
(Wiout bridge wrfews) 

1 ~ O x 1 1 0 x 3 6 B  
Whaut  bridge curfews) 



Tahb 11 - 4  
Low Grow% S c a d  

IHNC Lock Trafk UnwmmaMed 
(1,000 tons) 

Alternative 1990 20M) 2010 29ZU 2030 2040 2060 

Removal of Bridge Curfeus 0 0 0 670 2.799 6,186 14,853 

Replace St Claude Br4dge 0 0 0 12 1,986 5,068 13.884 

g w ~ 9 0 ~ 2 2 n  
(With bridge cu-) 

9wx90x22n  
(Without bridge curfews) 

~ ~ X I I O X Z ~ .  
(With biidgecu-) 

g w ~ i i o ~ 2 2 n .  
mthout bridge wrfem) 

9wxI lOx36R 
(With bridgeculhs) 

9M)x110x3Sb 
(Wihout bridge cu*) 

i a o x c m ~ z z n .  
(With bridge curfews) 

l a o x 9 0 x P f L  
(without bridge curfews) 

1 ~ x I l O x 2 2 f L  
N t h  bridge curfews) 

120Ox110x36h 
(with bridge curfews) 

i m o x i i o x s n  
(Without bridge curfews) 



Table11 - 5  
Low GroWlh Soenario 

Shailow-DraH 
Tola18 lncremenlal Transportalion Savings 

(1 992, $1 .WO) 

Aiiernalive 19W B O O  2010 2023 2030 

Without Projed 1,251,510 1,204,232 1,270,643 1.269.453 1,288,546 

Removal 01 Bridge Curlews 

Replaca of St. Claude W i e  

900X9OX22H. 
(With bridge curlews) 

WMxwx22n.  
(Wiihoul twidge curlews) 

WMX11OX221. 
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QMJXIIOX~~~. 
(Wiihoul bridge curlews) 

900XIlOX36ii. 
(With bridge curlews) 

900x110x36n. 
(Wilhout bridge curlews) 

12wx90x22t .  
(Wnh bridge curlews) 

1mx90x2211. 
(Wilhwl bridge curlews) 

I ~ ~ X I I O X Z ~ .  
(With bridge curlews) 

12WxIlOx22R. 
(Wlhoul bridge curfews) 

1200xI10~36R. 
(Wilh m e  curlews) 

1mx110x36n.  
(whhoul bridge curlews) 



scenario is significantly lower than the mid scenario only 
during the early years 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 years, 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 is 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 additional traffic is 
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 is not utilized as quickly 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 result of 
incorporating these projected traffic volumes 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 - 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 scenario 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 quantities vis 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 period 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 years beyond the baseline traffic 
year. Given the 1990 baseline year, 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 Gm& Scsnerio 

IHNC Lodt T& hxmodaOK1 
(1,WX) Tans) 

Replace St Claude Bridge 

m x 9 o x 2 2 f L  
Wul bridge curfews) 

900x l lOx36R 
(Wnhout bridge curfews) 

1 m x 9 0 x 2 2 f L  
Wh m e  curfews) 

1 ~ x 1 1 0 x 2 2 f L  
(Wul bridge curfews) 

i m x i l o x 3 8 n  
W o u t  bridge wrtews) 



Table 11 - 7 
Hgh Gmvdh Scenario 
IHNC Lock Average Delays 
By Alternative and Year 

(Hours) 

Removal of Bridge Curfews 

Replace St. Claude Bridge 

900xWx22fL 
(With bridge curfews) 

9mx90x22ft. 
(Wthout bridge curfews) 

9OOx110x22ft. 
(With b*e curfews) 

9 o o ~ i i o ~ ~ n  
(Without bridge curfews) 

900x110x36ft. 
(Wkh bridge curfews) 

90Ox110x36fI. 
(Without bridge curfews) 

12M)xwx22ft  
(With bridge curfews) 

. 12OOx9Ox22fL 
(Wthout bridge curfews) 

1 2 0 0 x 1 1 0 ~ 2 2 ~  
(With bridge curfews) 

1 2 ~ ~ 1 1 0 ~ 2 2 f t  
(Without bridge curfews) 

12OOx110x36ft 
(Wth bridge curfews) 

~ ~ W X I I O X ~ ~ ~ .  
Wahwt bridge curfews) 



Table11 -8  
High Growth Sz6naFa 

IHNC Lak Penant of Told Demand Acmma$Bd 

Replace SL Clsude Bridge 

I ~ X I I O X Z Z R  
(With bridge aufews) 



Table 11 - 9  
High Gmwlh SQnario 

IHNC &Traffic Unamornodated 
(1,333 tons) 

Removal of Bridge Curfews 

Re- St Claude 

9COxSOx22R 
(Without bkbp wrfews) 

9COxIlOxZR. 
bridge aulews) 

~ C O X I ~ O X ~ ~ .  

(Wlmout bridge wrfews) 

i m x x x x n .  
(Wi bridge curteas) 

120ox90x22ft 
(Without bridge curteas) 

l 2 0 0 X l l O ~ 2 2 f t  
(Wt bridge curfews) 



Tablel l-10 
High G r h  Scemio 

Shdlow Draft 
Tot4 & Incremental TransporlaSon Savings 

(1992, $1,000) 

Alternative 1990 2000 2010 X120 2030 

Without pmject 1,251,510 1.345.946 1,318.124 1,278.015 1,158,490 

Removal of Bridge Curtem 

Replace of St. Claude Bridge 

~ ~ 9 0 ~ 2 2 n .  
(Wilh bridge curfews) 

9oox9Ox22n. 
(Withoul bridge curfews) 

9 o o ~ i i o ~ 2 2 n .  
(With bridge curfews) 

900x110x22n. 
(Without bridge curfews) 

~ X I I O X ~ ~ ~ .  
(Wilh bridge curfews) 

900xllOx36fl. 
(Without bridge curfews) 

12Oox90x22n. 
(Wilh bridge curfews) 

1 2 ~ x w x 2 2 1 t  
(Without bridge curfews) 

i m x i i o x 2 ~ n .  
(With bridge curfews) 

1 m x i i o X n n .  
(Without bridge curfews) 

1mx11ox36 fL  
(With bridge curfews) 

1200xllOx36fl. 
(Without bridge curfews) 



~. 
Cornparloon of Avenge Annual Shallow Drill Savlngs 

by TralUc Growth Scanarlo 
(1998 Sl,wo, 7.375 Fnrsult) 

Averaue Annual Savlnos Mld G m l h  
NO GrOWn S w h  Amerlcan No GrawUl Soum Amerlcan 

Allernalive W LOW Hbh Alfer 20 Yrs Coal Y d  Low Hi lh Afier2O Yrs Cosl 

Removd of Brldpe Curlews 9.497 6.967 14.444 8.055 

Replace of Sl  Claude Bridge 15.378 18,016 13.164 21,615 

900X90X22 76,815 
(wim Erldge curfews) 

900X90X22 
(wimout Brldge curfews) 

9WXIlOX22 
(Wllh ~ d d g e  Curlews) 

L? 
90ox11ox22 

I (Wlhour Brldge Curlews) 

h) 
OJ 9QOX110X36 
01 (Wim Erldge Curfews) 

90ox110x38 
(Wlhoul Brldpe Curfews) 

120ox90x22 
(Wllh Erldge Curfews) 

1200~90x22  
(Wihout Bridge Curlews) 

11ox110x22 
(With Bridge Curfews) 

i m o x i i o x z  
(wlmout Brldge Curfews) 

12M)x11Ox36 87,448 
(Wlth Brldge Curfews) 



South American Coal 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 IHNC 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 
baseline 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 900 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 scale. 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 volumes. 
Therefore, the unconstrained total demand, lockages, and 
savings for all future years 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 year. Given the 1990 baseline year, the 
terminal year 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 value, 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. 

With the high growth scenario, the 22-foot sill 
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 
significantly higher savings than the mid growth scenario. 



High Growth Scenario 
Total Deep Draft Lockages 

Alternative 2000 201 0 2020 2030 2040 2060 

Existing lntra 
Thfu 
Total 

900 x 90 x  22 lntra 
Th fu 

Total 

900x110~22 lntra 
Thtu 
Total 

900x110~36 lntra 
Thw 
Total 

1200x90~22  lntra 
Thfu 
Total 

1200x110~22 lntra 
Thtu 
Total 

1200xl l0x36 lntra 
Thw 
Total 



Table 11 - 13 

Deep Draft Benefits 
High Growth Scenario 

($1,000'~ - 1993 Price Levels) 

Alternative 1991 

Existing lntra 931 
Thru 11 
Total 942 

lntra 669 
Thru 11 
Total 680 
Incremental (262) 

Intra 
Thru 
Total 
lncremental 

lntra 
Thm 
Total 
Incremental 

lntra 
Thru 
Total 
lncremental 

1200x 110x22 lntra 
Thnr 
Total 
Incremental 

lntra 
Thlu 
~ota l '  
lncremental 



Comparison of DeepDraft Incremental Benefits 
(1996. $1.000.7.375%) 

Averaae Annual B e d  Percent Advantage vs Mid Growth 
No CmwUl No Growth 

Alternative Mid Low Hiih After20 Ym Mid Low Huh After 20Yrs 



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 alternatives. As before, the amount of savings 
compared to the mid growth scenario depends on the 
relative magnitudes of demand and deep-draft service 
provided. 

PROJECT 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 previously 
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 is 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 900 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 justified in 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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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 question then arises 
as to the economic implications of replacing the existing 
St. Claude Avenue Bridge with a mid-rise structure in the 
near-term, producing short term improvements, and then 
replacing the existing lock at a future point when delays 
at the lock warrant the investment in additional capacity. 
Because the significant costs associated with lock 
replacement would be delayed until some future year, the 
economic efficiency, measured in terms of average annual 
net benefits over the project life, of a phased bridge/lock 
construction alternative could prove to be superior to the 
non-phased construction approach. There are two primary 
questions that must be addressed: 1.) would the overall 
average annual net benefits associated with a phased 
bridge/lock approach be greater than the NED North of 
Claiborne Avenue plan, and 2 . )  would a lock different than 
the NED lock size of 900 x 110 x 22 ft be optimal in a 
phased construction approach and at what point in time. In 
order to address the first question, the second question 
must be answered first. 

In order to determine both the optimal lock size and the 
optimal time when a new lock should be operational, both 
the project costs and the stream of future benefits 
associated with various lock plans have to be considered. 
In this analysis, costs were developed only for the 
shallow-draft lock alternatives because of the limited 
prospect of the deep-draft plans becoming optimal in the 
phased approach. Therefore, construction, operations and 
maintenance, and mitigation costs for a phased bridge/lock 
plan were considered (over a 50 year period using a 7.375 
percent discount rate) for each of the shallow-draft lock 
alternatives. On the benefit side, since only shallow-draft 
lock alternatives were analyzed, the focus was limited to 
shallow-draft navigation benefits. Vehicle benefits were 
not applicable, since in the phased approach, the mid-rise 
replacement of the St. Claude Avenue Bridge is assumed to 
be already in place. In a similar manner, benefits 
associated with avoiding the losses associated with 
rehabilitation closures are also not relevant because the 
rehabilitation work will be required as scheduled due to 
the delay and the uncertainty associatedwith 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 year in which the net 
transportation cost savings of a particular lock plan 
exceeded the average annual cost of the plan determined the 
optimal time when the new lock should be operational. The 
net transportation cost savings from this year forward were 
then annualized over a 50 year period for each of the lock 
plans and then subtracted from the respective average 
annual cost to produce an average annual net benefit 
estimate. These results are shown in table 11 - 18. After 
adjusting the average annual net benefits for each of the 
lock plans to a common base year, the optimal lock size was 
determined by selecting that plan which produced the 
highest average annual net benefits. 

As table 11 - 18 shows, the optimal lock size was 
determined to be a 900 x 110 x 22 ft lock, operational by 
the year 2011 (only 1 year 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 x 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 is 
scheduled to be in place and fully operational by the year 
2007, hence this becomes the base year and assuming a 50 
year project life, benefits were analyzed over the period 
2007 - 2056. As determined above, assuming a mid growth in 
traffic, the optimal time for a 900 x 110 x 22 ft North of 
Claiborne Avenue lock to be operational is in the year 
2011. Consequently, shallow-draft navigation benefits from 
2007 to 2010 represent the difference in total cost savings 
between future without-project conditions and those 
resulting from a mid-rise replacement of the St. Claude 
Avenue Bridge while keeping the existing lock in place. 
From 2011 to 2056, with the new lock in place, shallow- 



Table 11 - 18 

Phased BridgeRock 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 201 1 

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



Table 11 - 19 

Phased BridgeILock Plan 
Optimal Lock Size and Timing 

Low Growth -Average Annual Net Benefits 
(1 996, $1,000, 7.375 Percent) 

Average Annual Average Annual Net Benefits 
Lock Alternative Net Benefits Base Year Adjusted to 2032 

-- - 

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



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

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

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

The construction and mitigation costs for the new St. 
Claude Avenue Bridge were compounded forward to the base 
year of 2007, whereas the costs for the new lock were 
either compounded forward or discounted back to the base 
year since some of these expenditures would occur either 
before or after 2007. Once the new lock begins to operate 
in the year 2011, permanent deep-draft losses, representing 
the difference in deep-draft cost savings between existing 
conditions and a 900 x 110 x 22 ft North of Claiborne lock, 
also would begin to occur. These were calculated for the 
years 2011 to 2056 and discounted back to the base year. 
Along with these losses, during the same time period (2011 
- 2056), operation and maintenance expenditures for the new 
lock were also discounted back to the base year. The final 
cost item, the existing deep-draft benefits that are lost 



when the existing lock is taken out of service, is 
scheduled to occur during the last two years of 
constructing the replacement lock in the years 2009 and 
2010. Like the previous estimates, these were also 
discounted back to the base year. Each of these cost 
categories were then annualized and summed to provide the 
average annual costs associated with the phased approach. 

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

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

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



Table 11 - 20 

Benefit - Cost Summary 
Mid Growth Scenario 
(1 996, $1,000, 7.375%) 

Phased 
Approach ' 

Total First Cost 

Annual Construction Costs 
Annual Mitigation Costs 
Annual Nav Losses 
Annual Permanent DD Losses 
Annual O&M Costs 

Total Annual Costs 

Annual S.D. Benefits 
Annual D.D. Benefits 
Annual Vehicular Benefits 
Annual Savings to Fed Proj 
Annual Maint Closure - 

Nav Losses Prevented 

Total Annual Benefits 

Net Benefits 

BCR 

Base Year 

* Mid-rise 3004 horizontal clearance twin tower St. Claude 
Bridge operational in 2007 and a 900 x 11 0 x 22 new chamber north 
of Claiborne Ave operational in 201 1. 



Table 11 - 21 

Benefit - Cost Summary 
Low Growth Scenario 
(1 996, $1,000,7.375%) 

Phased 
Approach ' 9 0 0 x 1 1 0 ~ 2 2  

Total First Cost 425,507 

Annual Construction Costs 
Annual Mitigation Costs 
Annual Nav Losses 
Annual Permanent DD Losses 
Annual O&M Costs 

Total Annual Costs 

Annual S.D. Benefits 
Annual D.D. Benefits 
Annual Vehicular Benefits 
Annual Savings to Fed Proj 
Annual Maint Closure - 

Nav Losses Prevented 

Total Annual Benefits 

Net Benefits 

BCR 

Base Year 

Mid-rise 3004 horizontal clearance twin tower St. Claude 
Bridge operational in 2007 and a 900 x 110 x 22 new chamber north 
of Claiborne Ave operational in 2032. 



lock plan with total average annual net benefits of the 
non-phased approach (after adjusting to a common base year) 
representing 75 percent of the total average annual net 
benefits resulting from the phased North of Claiborne 
Avenue plan. 

DELAYED IMPLEMENTATION 

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

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

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

INTEREST RATES 



Table 11 - 22 

Non - Phased 
Optimal Timing of Alternative With Project Scenarios 

(1996 prices, $1.000'~. 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 (Adiusted to 201 0) Increased by 5 years Net Benefits (Adiusted to 201 0) 

Remove Bridge Curfews 
Replace Bridge Only 

9 0 0 x 9 0 ~ 2 2  
9 0 0 x 1 1 0 ~ 2 2  
900x 110x36 



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 values ( 
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-pro j ect plans assuming mid 
growth in traffic for 2.625 percent, 3.75 percent, and 10 
percent, respectively. 

Table 11 - 23 shows that an interest rate of 2.625 percent 
caused significant impacts with regards to NED plan 
determination. Lowering the interest rate resulted in the 
current NED plan (900 x 110 x 22 ft lock) shifting more 
towards the larger scale alternatives. At an interest rate 
of 2.625 percent, total average annual net benefits 
(adjusted to a base year of 2010) are maximized at $77.4 
million by replacing the existing lock with a 1200 x 110 x 
36 ft North of Claiborne Avenue lock. An interest rate of 
2.625 percent was selected for display in this sensitivity 
analysis because 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 consequences of a 
10 percent interest rate. Unlike the previous two tables, 
no changes in the current NED plan occurred. At $35.4 
million, total average annual net benefits are maximized 
with a 900 x 110 x 22 ft replacement lock. 

ALTERNATIVE FLOOR DEPTHS 

The current NED plan involves a 900 x 110 x 22 ft North of 
Claiborne Avenue replacement lock. In order to verify that 
the 22- foot depth is optimal, two additional floor depths 
were investigated, one more shallow than the 22-foot depth, 
at 18 feet, and the other deeper than the 22-foot depth at 
25 feet. Table 11 - 26 shows the economic comparison of 
these two floor depths along with the 22-foot lock floor. 









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 is these 
longer processing times that are responsible for the 
reduction in benefits as the lock floor is raised. 

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

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



Table 1 1  - 26 

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

(1996 $1,000.7.375 Percent) 

Total Annual Benefits 102,267 

Total First Cost 423,408 

Total Annual Costs 50,747 

Net Benefits 51.520 





AlTACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

REF COMMODITY 

1 CORN 
2 CORN 
3 CORN 

4 CORN 
5 CORN 

6 CORN 
7 CORN 

8 CORN 
9 OATS 

10 OATS 

11 OATS 
12 RlCE 
13 RlCE 
14 RlCE 
15 RlCE 

16 RlCE 
17 RlCE 
18 RlCE 
19 RlCE 
20 RlCE 
21 SORGHUMGRAINS . 
22 SORGHUM GRAINS 

23 WHEAT 
24 WHEAT 
25 WHEAT 
26 WHEAT 
27 WHEAT ' 

28 WHEAT 
29 WHEAT 

30 WHEAT 
31 WHEAT 

32 WHEAT 
33 WHEAT 
34 SOYBEANS 

35 SOYBEANS 
36 SOYBEANS 
37 SOYBEANS 
38 SOYBEANS 

39 SOYBEANS 
40 SOYBEANS 
41 SOYBEANS 
42 TALLOW 
43 TALLOW 

44 PREPARED ANIMAL FEEDS 

SUMMARY OF CHARGES 

TONS WATER ALT WATER LAND ALT LAND 



AlTACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

REF COMMODITY 

45 PREPARED ANIMAL FEEDS 
46 GRAIN MlLL PRODUCTS 
47 GRAIN MlLL PRODUCTS 

48 SUGAR 
49 SUGAR 
50 SUGAR 
51 SUGAR 

52 SUGAR 
53 SUGAR 
54 SUGAR 
55 SUGAR 
56 SUGAR 

57 MOLASSES 
58 MOUSSES 
59 VEGETABLE OlLS 
60 VEGETABLE OlLS 
61 MlSC FOOD PRODUCTS 
62 IRON ORE 
63 IRON ORE 
64 IRON ORE 
65 BAUXITE 
66 MANGANESE ORES 
67 NONFERROUS METAL ORES 
68 NONFERROUS METAL ORES 

69 NONFERROUS METAL ORES 
70 PIG IRON 
71 PIG IRON 
72 PIG IRON 
73 PIG IRON 
74 SLAG 
75 SLAG 
76 SLAG 
77 SLAG 
78 SLAG 
79 SLAG 
80 SLAG 
81 IRON & STEEL INGOTS 
82 IRON & STEEL INGOTS 
83 IRON &STEEL INGOTS 
84 IRON &STEEL INGOTS 
85 IRON &STEEL INGOTS 
86 IRON & STEEL INGOTS 
87 IRON & STEEL INGOTS 
88 IRON & STEEL INGOTS 

TONS 
SUMMARY OF CHARGES 

WATER ALT WATER LAND ALT LAND 



A'TTACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

REF COMMODITY 

89 IRON & STEEL INGOTS 
90 IRON & STEEL BARS 
91 IRON & STEEL BARS 

92 IRON &STEEL BARS 
93 IRON STEEL BARS 
94 IRON & STEEL BARS 
95 IRON & STEEL BARS 
96 IRON & STEEL BARS 
97 IRON &STEEL BARS 
98 IRON & STEEL BARS 
99 IRON & STEEL BARS 

100 IRON & STEEL BARS 
101 IRON &STEEL BARS 
102 IRON &STEEL BARS 
103 IRON & STEEL PLATE 
104 IRON & STEEL PLATE 
105 IRON &STEEL PLATE 
106 IRON & STEEL PLATE 
107 IRON & STEEL PLATE 

108 IRON &STEEL PlPE 
109 IRON & STEEL PIPE 
110 IRON & STEEL PlPE 
11 1 IRON & STEEL PIPE 
112 IRON &STEEL PlPE 
113 IRON & STEEL PlPE 
114 FERRO ALLOYS 
1 15 FERRO ALLOYS 
116 FERRO ALLOYS 
117 FERRO ALLOYS 
11 8 FERRO ALLOYS 
11 9 FERRO ALLOYS 

120 FERRO AUOYS 
121 FERRO ALLOYS 
122 FERRO ALLOYS 

123 FERRO ALLOYS 
124 FERRO ALLOYS 
125 FERRO ALLOYS 
126 FERRO ALLOYS 
127 FERRO ALLOYS 
128 IRON & STEEL PDS, NEC 
129 IRON & STEEL PDS, NEC 
130 IRON & STEEL PDS, NEC 
131 METAL CONTAINERS 

132 METAL CONTANERS 

TONS 
SUMMARY OF CHARGES 

WATER ALT WATER LAND ALT LAND 

42.50 
38.50 
29.67 

25.95 40.25 
45.86 

56.42 
33.49 
34.74 
58.60 
68.17 
36.84 
36.56 
49.03 
64.20 
34.92 35.10 
28.22 

29.34 52.30 
18.97 37.80 

49.52 
29.71 
22.95 24.33 

' 51.86 
82.65 
30.44 

NONE 
26.06 51.12 . \  . . ' .  
18.85 40.79 ! 

24.10 
30.31 
40.67 
42.1 1 
51.89 
54.1 6 
49.45 
56.23 
46.30 

22.70 
60.82 
76.58 
31.28 35.89 
58.42 

57.82 
18.30 27.89 
94.35 



AVACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

REF COMMODITY 

133 METAL CONTAINERS 
134 METAL CONTAINERS 
135 IRON AND STEEL SCRAP 

136 IRON AND STEEL SCRAP 
137 IRON AND STEEL' SCRAP 

138 IRON AND STEEL SCRAP 
139 IRON AND STEEL SCRAP 
140 IRON AND STEEL SCRAP 
141 IRON AND STEEL SCRAP 
142 IRON AND STEEL SCRAP 
143 IRON AND STEEL SCRAP 
144 IRON AND STEEL SCRAP 
145 IRON AND STEEL SCRAP 
146 IRON AND STEEL SCRAP 
147 IRON AND STEEL SCRAP 

148 IRON AND STEEL SCRAP 
149 IRON AND STEEL SCRAP 
150 IRON AND STEEL SCRAP 
151 IRON AND STEEL SCRAP 

152 IRON AND STEEL SCRAP 
153 IRON AND STEEL SCRAP 
154 IRON AND STEEL SCRAP 

155 IRON AND STEEL SCRAP 
156 IRON AND STEEL SCRAP 
157 IRON AND STEEL SCRAP 
158 IRON AND STEEL SCRAP 
159 IRON AND STEEL SCRAP 
160 IRON AND STEEL SCRAP 
161 IRON AND STEEL SCRAP 

162 IRON AND STEEL SCRAP 
163 IRON AND STEEL SCRAP 

164 IRON AND STEEL SCRAP 
165 IRON AND STEEL SCRAP 
166 IRON AND STEEL SCRAP 

167 IRON AND STEEL SCRAP 
168 IRON AND STEEL SCRAP 
169 IRON AND STEEL SCRAP 
170 COAL 
171 COAL 
172 COAL 
173 COAL 

174 COAL 
175 COAL 
176 COAL 

TONS 

3,560 
3.945 
99,108 
6.076 
1,433 
6.137 
4,753 
2,934 
1.400 
4,886 
9,225 
40.507 
1.450 
19,808 
7.814 
4,135 

113,168 
1,450 
15,932 
16,726 
1 1,426 
11,616 
59.279 
18.903 
5,360 
12.978 
12.733 
3,134 
11,168 
4,635 
9,653 
2.1 84 
45,770 
7,500 
1,648 
4,200 
4,740 
6,885 
10 
11 8 

9,TlJS 
3,000 
22.500 
43,211 

SUMMARY OF CHARGES 

WATER ALT WATER LAND ALT LAND 

NONE 
58.06 
33.78 36.50 
30.38 
45.68 
25.75 32.85 
39.00 43.77 
38.29 46.05 
44.09 50.16 
29.00 37.27 
33.49 35.53 
26.50 27.70 
41.05 44.41 
29.77 
62.50 
32.50 45.82 
24.00 25.17. 
67.34 
35.56 
37.29 
47.35 
47.35 
61.05 
41.05 
29.15 
42.94 
35.02 
24.87 

\ 
38.37 

40.28 
39.32 53.30 
33.77 
23.00 37.49 
14.50 26.93 
36.38 
56.07 
58.64 
56.07 
12.38 19.35 
10.41 16.35 
21.44 
18.24 
17.52 
20.39 
22.61 



TRANSPORTATION RATE ANAL 

REF COMMODITY 

177 COAL 
178 COAL 
179 COAL 
180 COAL 
181 COAL 
182 COAL 
183 COAL 
184 COAL 
185 COAL 
186 COAL 
187 COAL 
188 COAL 
189 COAL 
190 COAL 
191 COAL 
192 COAL 
193 COAL 
194 COAL 
195 COAL 
196 COAL 
197 COAL 
198 COAL 
189 COAL 
200 COAL 
201 CRUDE PETROLEUM 
202 CRUDE PETROLEUM 
203 CRUDE PETROLEUM 

. 204 CRUDE PETROLEUM 
205 CRUDE PETROLEUM 
206 CRUDE PETROLEUM 
207 CRUDE PETROLEUM 
208 CRUDE PETROLEUM 
209 CRUDE PETROLEUM 
210 CRUDE PETROLEUM 
21 1 CRUDE PETROLEUM 
212 CRUDE PETROLEUM 
213 CRUDE PETROLEUM 
214 CRUDE PETROLEUM 
215 CRUDE PETROLEUM 
216 CRUDE PETROLEUM 
217 CRUDE PETROLEUM 
218 CRUDE PETROLEUM 
219 CRUDE PETROLEUM 
220 CRUDE PETROLEUM 

AlTACHMENT 1 
.YSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

SUMMARY OF CHARGES 
d 

TONS WATER ALTWATER LAND ALTLAND 



TRANSPORTATION RATE ANALYSIS F 

REF COMMODITY 

221 CRUDE PETROLEUM 
222 CRUDE PETROLEUM 
223 CRUDE PETROLEUM 
224 CRUDE PETROLEUM 
225 CRUDE PETROLEUM 

226 CRUDE PETROLEUM 
227 CRUDE PETROLEUM 

228 CRUDE PETROLEUM 
229 CRUDE PETROLEUM 
230 CRUDE PETROLEUM 

231 CRUDE PETROLEUM 
232 CRUDE PETROLEUM 

233 CRUDE PETROLEUM 
234 CRUDE PETROLEUM 
235 CRUDE PETROLEUM 
236 CRUDE PETROLEUM 
237 CRUDE PETROLEUM 

238 CRUDE PETROLEUM 
239 CRUDE PETROLEUM 
240 CRUDE PETROLEUM 
241 CRUDE PETROLEUM 
242 CRUDE PETROLEUM 

243 CRUDE PETROLEUM 
244 CRUDE PETROLEUM 

245 CRUDE PETROLEUM 
246 CRUDE PETROLEUM 
247 CRUDE PETROLEUM 
248 CRUDE PETROLEUM 
249 CRUDE PETROLEUM 

250 CRUDE PETROLEUM 
251 CRUDE PETROLEUM 

252 CRUDE PETROLEUM 
253 CRUDE PETROLEUM 
254 CRUDE PETROLEUM 

255 CRUDE PETROLEUM 
256 CRUDE PETROLEUM 

257 CRUDE PETROLEUM 
258 CRUDE PETROLEUM 

259 CRUDE PETROLEUM 
260 CRUDE PETROLEUM 
261 CRUDE PETROLEUM 

262 CRUDE PETROLEUM 
263 CRUDE PETROLEUM 

264 CRUDE PETROLEUM 

ATACHMENT 1 
:OR INNER HARBOR NAVIGATION CANAL STUDY 

TONS 
SUMMARY OF CHARGES - - 

WATER ALT WATER LAND ALT LAND 



ATACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

REF COMMODIlY 

265 CRUDE PETROLEUM 
266 CRUDE PETROLEUM 
267 CRUDE PETROLEUM 

268 CRUDE PETROLEUM 
269 CRUDE PETROLEUM 

270 CRUDE PETROLEUM 
271 CRUDE PETROLEUM 

272 CRUDE PETROLEUM 
273 CRUDE PETROLEUM 
274 CRUDE PETROLEUM 

275 CRUDE PETROLEUM 
276 CRUDE PETROLEUM 
277 CRUDE PETROLEUM 
278 CRUDE PETROLEUM 
279 CRUDE PETROLEUM 

280 CRUDE PETROLEUM 
281 CRUDE PETROLEUM 
282 CRUDE PETROLEUM 
283 CRUDE PETROLEUM 
284 CRUDE PETROLEUM 
285 CRUDE PETROLEUM 
286 CRUDE PETROLEUM 
287 CRUDE PETROLEUM 
288 CRUDE PETROLEUM 

289 CRUDE PETROLEUM 
290 CRUDE PETROLEUM 
291. CRUDE PETROLEUM 
292 CRUDE PETROLEUM 
293 LIMESTONE 

294 LIMESTONE 
295 LIMESTONE 

296 LIMESTONE 
297 LIMESTONE 
298 LIMESTONE 
299 LIMESTONE 
300 LIMESTONE 
301 LIMESTONE 
302 LIMESTONE 
303 LIMESTONE 
304 LIMESTONE 
305 LIMESTONE 
306 LIMESTONE 
307 LIMESTONE 

308 LIMESTONE 

SUMMARY OF CHARGES 
WATER ALT WATER LAND ALT LAND 



ATACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

REF COMMODITY 

309 LIMESTONE 
310 LIMESTONE 
31 1 LIMESTONE 
312 LIMESTONE 
313 LIMESTONE 
314 LIMESTONE 
315 LIMESTONE 
316 LIMESTONE 
317 LIMESTONE 
318 SAND AND GRAVEL 
319 SAND AN0 GRAVEL 
320 SAND AND GRAVEL 

321 SAND AND GRAVEL 
322 SAND AND GRAVEL 
323 SAND AND GRAVEL 
324 SAND AND GRAVEL 
325 SAND AND GRAVEL 
326 SAND AND GRAVEL 
327 CLAY 
328 CLAY 
329 CLAY 
330 CLAY 
331 CLAY 
332 CLAY 
333 CLAY 
334 CLAY 
335 CLAY 

336 SALT 
337 SALT 
338 SALT 
339 SALT 
340 SALT 
341 SALT 
342 SALT 
343 SALT 
344 SALT 
345 SALT 
346 SALT 

347 SALT 
348 SALT 
349 SALT 

350 SALT 
351 SALT 
352 SALT 

SUMMARY OF CHARGES 
TONS WATER ALT WATER LAND ALT LAND 



AlTACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

REF COMMODIN 

353 SALT 
354 SALT 
355 SALT 

356 SALT 
357 SALT 

358 SALT 
359 SALT 

360 SALT 
361 SALT 
362 SALT 

363 SALT 
364 SALT 
365 SALT 
366 SALT 
367 SALT 

368 SALT 
369 SALT 
370 SALT 
371 SALT 

372 SALT 
373 SALT 
374 SALT 

375 SALT 
376 SALT 
377 SALT 
378 SALT 
379 SALT 
380 SALT 
381 SALT 
382 SALT 
383 SALT 

384 SALT 
385 SALT 
386 SALT 
387 SALT 
388 SULPHUR, LIQUID 
389 SULPHUR, LIQUID 
390 SULPHUR. LIQUID 
391 SULPHUR, LIQUID 
392 SULPHUR, LIQUID 
393 SULPHUR, LIQUID 

394 SULPHUR, LIQUID 
395 SULPHUR, LIQUID 
396 SULPHUR, LIQUID 

SUMMARY OF CHARGES 
TONS WATER ALT WATER LAND ALT LAND 



TRANSPORTATION RATE ANALYSIS 

REF COMMODITY 

397 NONMETALLIC MINERALS 
398 BUILDING CEMENT 
399 BUILDING CEMENT 
400 BUILDING CEMENT 
401 BUILDING C E M E ~  
402 BUILDING CEMENT 
403 BUILDING CEMENT 
404 BUILDING CEMENT 
405 LlME 
406 LlME 
407 WATERWAY IMPROV MTL 
408 WATERWAY IMPROV MTL 
409 WATERWAY IMPROV MTL 
410 VENEER OR PLYWOOD 
411 PULP 
412 PULP 
413 NEWSPRINT PAPER 
414 PAPERANDPAPERBOARD 
415 PAPER AND PAPERBOARD 
416 PAPER AND PAPERBOARD 
417 SODIUM HYDROXIDE 
418 SODIUM HYDROXIDE 
419 SODIUM HYDROXIDE 
420 SODIUM HYDROXIDE 
421 SODIUM HYDROXIDE 
422 SODIUM NYDROXIDE 
423 SODIUM HYDROXIDE 

. 424 SODIUM HYDROXIDE 
425 SODIUM HYDROXIDE 
426 SODIUM HYDROXIDE 
427 SODIUM HYDROXIDE 
428 SODIUM HYDROXIDE 
429 SODIUM HYDROXIDE 
430 SODIUM HYDROXIDE 
431 SODIUM HYDROXIDE 
432 SODIUM HYDROXIDE 
433 SODIUM HYDROXIDE 
434 SODIUM HYDROXIDE 
435 SODIUM HYDROXIDE 
438 SODIUM HYDROXIDE 
437 SODIUM HYDROXIDE 
438 SODIUM HYDROXIDE 
439 SODIUM HYDROXIDE 
440 SODIUM HYDROXIDE 

A'ITACHMENT 1 
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 

93,330 
8.285 

13,607 
13.434 
10,544 
16,339 
29,231 
2.100 
3.826 

11 2,790 
13,229 
6 , m  
1,400 
5,081 
8,4W 
3.924 

12.642 
2,837 
6,038 

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 ALT WATER LAND ALT LAND 

9.73 14.96 
12.46 
11.43 
24.60 19.54 
19.04 36.57 
35.18 
20.50 

NONE NONE 
10.58 14.12 
23.90 
9.69 13.71 

12.27 12.99 
33.15 
36.69 38.30 
26.16 28.64 
28.39 29.89 
47.96 
36.17 36.88 
58.76 
49.41 
25.31 34.77 
53.82 

. 30.35 51.27 
9.48 

15.65 

11.34 . 28$ 42.04 ! 
16.85 32.31 
24.90 
29.92 30.40 
24.85 54.81 
16.96 26.31 
18.53 
26.31 38.17 
16.48 
17.19 
25.1 6 35.17 
32.09 
26.73 
10.95 26.58 
21.61 
21.61 
39.59 
17.21 55.22 



AUACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

REF COMMODITY 

441 CRUDE PETRO PRODUCTS 
442 CRUDE PETRO PRODUCTS 
443 CRUDE PETRO PRODUCTS 
444 CRUDE PETRO PRODUCTS 
445 CRUDE PETRO PRODUCTS 

446 CRUDE PETRO PRODUCTS 
447 CRUDE PETRO PRODUCTS 
448 CRUDE PETRO PRODUCTS 
449 CRUDE PETRO PRODUCTS 
450 CRUDE PETRO PRODUCTS 
451 CRUDE PETRO PRODUCTS 
452 CRUDE PETRO PRODUCTS 
453 CRUDE PETRO PRODUCTS 
454 ALCOHOLS 
455 ALCOHOLS 
456 ALCOHOLS 
457 ALCOHOLS 
458 ALCOHOLS 
459 ALCOHOLS 
460 ALCOHOLS 
461 ALCOHOLS 
462- ALCOHOLS 
463 ALCOHOLS 
464 ALCOHOLS 
465 ALCOHOLS 
466 ALCOHOLS 
467 ALCOHOLS 
468 ALCOHOLS 
469 ALCOHOLS 

470 ALCOHOLS 
471 ALCOHOLS 
472 ALCOHOLS 
473 ALCOHOLS 
474 ALCOHOLS 
475 ALCOHOLS 
476 ALCOHOLS 
477 ALCOHOLS 
478 ALCOHOLS 
479 ALCOHOLS 
480 BENZENE 
481 BENZENE 
482 BENZENE 
483 BENZENE 
484 BENZENE 

SUMMARY OF CHARGES 
TONS WATER ALT WATER LAND ALT LAND 



ATTACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

REF COMMODllY 

485 BENZENE 
486 BENZENE 
487 BENZENE 
488 BENZENE 
489 BENZENE 
490 BENZENE 
491 BENZENE 
492 BENZENE 
493 BENZENE 
494 SULFURIC AClD 
495 SULFURIC AClD 
496 SULFURIC ACID 
497 BASlC CHEMICALS, NEC 
498 BASlC CHEMICALS, NEC 
499 BASlC CHEMICALS, NEC 
500 BASlC CHEMICALS. NEC 
501 BASlC CHEMICALS, NEC 
502 BASlC CHEMICALS. NEC 
503 BASlC CHEMICALS, NEC 
504 BASlC CHEMICALS, NEC 
505 BASlC CHEMICALS, NEC 
506 BASlC CHEMICALS, NEC 
507 BASlC CHEMICALS, NEC 
508 BASlC CHEMICALS, NEC 
509 BASlC CHEMICALS, NEC 

. 510 BASlC CHEMICALS, NEC 
511 BASlC CHEMICALS, NEC 
512 BASlC CHEMICALS, NEC 
513 BASlC CHEMICALS, NEC 
514 BASlC CHEMICALS, NEC 
515 BASlC CHEMICALS, NEC 
51 6 BASlC CHEMICALS. NEC 
517 BASIC CHEMICALS, NEC 
518 BASlC CHEMICALS. NEC 
51 9 BASlC CHEMICALS, NEC 
520 BASlC CHEMICALS, NEC 
521 BASlC CHEMICALS. NEC 
522 BASlC CHEMICALS, NEC 
523 BASlC CHEMICALS. NEC 
524 BASlC CHEMICALS. NEC 
525 BASlC CHEMICALS. NEC 
526 BASlC CHEMICALS. NEC 
527 BASlC CHEMICALS, NEC 
528 BASlC CHEMICALS, NEC 

TONS 

78,556 
41,088 
4,153 

39,836 
3,095 

13,780 
171.454 

1.458 
52.913 

118,120 
1 16,995 
70.802 
17.195 
20.012 
7,500 

13,930 
2,817 
9,190 
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 

12,505 
7,412 

12,704 

SUMMARY OF CHARGES 
WATER ALT WATER LAND ALT LAND 



AUACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL S N D Y  

REF COMMODITY 

529 BASlC CHEMICALS, NEC 
530 BASlC CHEMICALS, NEC 
531 BASlC CHEMICALS, NEC 
532 BASlC CHEMICALS, NEC 
533 BASlC CHEMICA~S. NEC 
534 BASlC CHEMICALS, NEC 
535 BASlC CHEMICALS, NEC 
536 BASlC CHEMICALS. NEC 
537 BASlC CHEMICALS, NEC 
538 BASlC CHEMICALS. NEC 
539 BASlC CHEMICALS, NEC 
540 BASlC CHEMICALS, NEC 
541 BASlC CHEMICALS. NEC 
542 BASlC CHEMICALS, NEC 
543 BASlC CHEMICALS, NEC 
544 BASlC CHEMICALS, NEC 
545 BASlC CHEMICALS, NEC 
546 BASlC CHEMICALS, NEC 
547 BASlC CHEMICALS, NEC 
548 BASlC CHEMICALS. NEC 
549 BASlC CHEMICALS. NEC 
550 BASlC CHEMICALS, NEC 
551 BASlC CHEMICALS, NEC 
552 BASlC CHEMICALS, NEC 
553 BASlC CHEMICALS, NEC 
554 BASlC CHEMICALS, NEC 
555 BASlC CHEMICALS. NEC 
558 BASlC CHEMICALS, NEC 
557 BASlC CHEMICALS, NEC 
558 BASlC CHEMICALS, NEC 
559 BASlC CHEMICALS, NEC 
5M) BASlC CHEMICALS. NEC 
561 BASlC CHEMICALS, NEC 
562 BASlC CHEMICALS. NEC 
563 BASIC CHEMICALS, NEC 
564 BASlC CHEMICALS, NEC 
565 BASlC CHEMICALS, NEC 
566 BASlC CHEMICALS, NEC 
567 BASlC CHEMICALS, NEC 
568 BASlC CHEMICALS, NEC 
569 BASlC CHEMICALS, NEC 
570 BASlC CHEMICALS, NEC 
571 BASlC CHEMICALS. NEC 
572 BASlC CHEMICALS, NEC 

SUMMARY OF CHARGES 
d 

TONS WATER ALT WATER LAND ALTLAND 



AlTACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

REF COMMODITY 

573 BASIC CHEMICALS, NEC 
574 BASIC CHEMICALS, NEC 
575 BASIC CHEMICALS. NEC 

576 SYNTHETIC RUBBER 
577 SYNTHETIC RUBB'ER 
578 GUM AND WOOD PRODUCTS 
579 GUM AND WOOD PRODUCTS 
580 GUM AND WOOD PRODUCTS 
581 GUM AND WOOD PRODUCTS 
582 MlSC CHEMICAL PDS, NEC 
583 MlSC CHEMICAL PDS, NEC 
584 MlSC CHEMICAL PDS, NEC 
585 NITROGENOUS FERTILIZER 
586 NITROGENOUS FERTILIZER 
587 NITROGENOUS FERTILIZER 
588 NITROGENOUS FERTILIZER 
589 NITROGENOUS FERTILIZER 
590 NITROGENOUS FERTILIZER 
591 NITROGENOUS FERTILIZER 
592 NITROGENOUS FERTILIZER 
593 NITROGENOUS FERTILIZER 
594 NITROGENOUS FERTILIZER ' 

595 NITROGENOUS FERTILIZER 
596 NITROGENOUS FERTILIZER 
597 NITROGENOUS FERTILIZER 
598 NITROGENOUS FERTILIZER 
599 NITROGENOUS FERTILIZER 
600 NITROGENOUS FERTILIZER 
601 POTASSIC CHEM FERT 
602 POTASSIC CHEM FERT 
603 POTASSIC CHEM FERT 
604 POTASSIC CHEM FERT 
605 POTASSIC CHEM FERT 
606 POTASSIC CHEM FERT 
607 PHOSPHATIC CHEM FERT 
608 PHOSPHATIC CHEM FERT 
609 PHOSPHATIC CHEM FERT 
610 PHOSPHATIC CHEM FERT 
61 1 PHOSPHATIC CHEM FERT 
612 PHOSPHATIC CHEM FERT 

. 613 FERTILIZERS, NEC 
614 FERTILIZERS. NEC 
615 FERTILIZERS, NEC 
616 FERTILIZERS, NEC 

SUMMARY OF CHARGES 
TONS WATER ALT WATER LAND ALT LAND 

NONE I 
58.05 
58.05 

18.80 
16.57 
77.75 
14.38 

15.77 
14.38 
30.68 

35.66 
71.78 

g.92 
32.47 
19.45 

9.92 
23.04 
19.45 
29.77 
35.80 
31.55 
45.56 
17.28 
26.71 
24.81 
36.79 
40.07 
27.75 
55.02 

7.98 
14.03 

64.71 
75.94 
87.22 
34.84 
37.05 
44.29 
36.16 
40.20 
24.01 
45.43 

36.28 
59.56 
14.67 

UONE 



ATTACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

REF COMMODITY 

617 FERTILIZERS, NEC 
618 FERTILIZERS, NEC 
619 FERTILIZERS, NEC 
620 FERTILIZERS, NEC 
621 FERTILIZERS, NEC 
622 FERTILIZERS, NEC 
623 FERTILIZERS, NEC 
624 FERTILIZERS. NEC 
625 FERTILIZERS, NEC 
626 FERTILIZERS. NEC 
627 FERTILIZERS NEC 
628 GASOLINE 
629 GASOLINE 
630 GASOLINE 
631 GASOLINE 
632 GASOLINE 
633 GASOLINE 
634 GASOLINE 
635 GASOUNE 
636 GASOLINE 
637 GASOLINE 
638 GASOLINE 
639 GASOLINE 
640. GASOLINE 
641 GASOLINE 
642 GASOLINE 
643 GASOLINE 
644 GASOLINE 

' 645 GASOLINE 
646 GASOLINE 
647 GASOLINE 
648 GASOLINE 
6(9 GASOLINE 
650 GASOUNE 

m d S a L l b l E - -  
652 GASOLINE 
653 GASOLINE 
654 GASOLINE 
655 GASOLINE 
656 GASOLINE 
657 GASOLINE 
658 GASOLINE 
659 GASOLINE 
660 GASOLINE 

SUMMARY OF CHARGES 
TONS WATER ALT WATER LAND ALT LAND 

ATCH - 15 



ArrACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

REF COMMODITY 

661 GASOLINE 
662 GASOLINE 
663 GASOLINE 
664 GASOLINE 
665 GASOLINE 
666 GASOLINE 
567 GASOLINE 
668 GASOLINE 
669 GASOLINE 
670 GASOLINE 
671 GASOLINE 
672 GASOLINE 
673 GASOLINE 
674 GASOLINE 
675 GASOLINE 
676 GASOLINE 
677 GASOLINE 
678 GASOLINE 
679 GASOLINE 
690 GASOLINE 
681 GASOLINE 
682 GASOLINE 
683 GASOLINE 
684 GASOLINE 
685 GASOLINE 
686 GASOLINE . 
687 GASOLINE 
688 GASOLINE 
689 GASOLINE 
690 GASOLINE 
691 GASOLINE 
692 GASOLINE 
693 GASOLINE 
894 QASOLINE 
695 QASOLINE 
698 GASOLINE 
697 GASOLINE 
898 GASOLINE 
699 GASOLINE 
700 GASOLINE 
701 JETFUEL 
702 JETFUEL 
709 JET FUEL 
704 JETFUEL 

TONS 
SUMMARY OF CHARGES 

WATER ALT WATER LAND ALT LAND 

ATCH- 16 



AnACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

REF COMMODITY 

705 JETFUEL 
706 JETFUEL 
707 JETFUEL 

708 JETFUEL 
709 JETFUEL 
710 JETFUEL 
711 JET FUEL 
712 JET FUEL 
713 JETFUEL 
714 JET FUEL 
715 JET FUEL 
716 JET FUEL 
717 KEROSENE 
718 KEROSENE 
719 DISTILLATE FUEL OIL. 

720 DISTILLATE FUEL OIL 
721 DISTILLATE FUEL OIL 

722 DISTILLATE FUEL OIL 
723 DISTILLATE FUEL OIL 
724 DISTILLATE FUEL OIL 
725 DISTILLATE FUEL OIL 
726 DISTILLATE FUEL OIL 
727 DISTILLATE FUEL OIL 
728 DISTILLATE FUEL OIL 
729 DISTILLATE FUEL OIL 
730 DISTILLATE FUEL OIL 
731 DISTILLATE FUEL OIL 

732 DISTILLATE FUEL OIL 
733 DISTILLATE FUEL OIL 
734 DISTILLATE FUEL OIL 
735 DISTILLATE FUEL OIL 

736 DISTILLATE FUEL OIL 
737 DISTILLATE FUEL OIL 
738 DISTILLATE FUEL OIL 
739 DISTILLATE FUEL OIL 
740 DISTILLATE FUEL OIL 

741 DISTILLATE FUEL OIL 
742 DISTILLATE FUEL OIL 
743 DISTILLATE FUEL OIL 
744 DISTILLATE FUEL OIL 
745 DISTILLATE FUEL OIL 

746 DISTILLATE FUEL OIL 
747 DISTILLATE FUEL OIL 

748 DISTILLATE FUEL OIL 

TONS 

9,243 
19,197 
9,243 

24,885 
9,243 

12,087 
15.642 
6,000 

23,815 
7,110 
9,243 

10,243 
1 1.396 
20.249 
3,656 

7,595 
9.036 

20.250 
28.137 
53,255 

1.265 
' 30.682 

2,954 
10,417 
9,159 

10,458. 
9,397 
2.772 

263,783 

1,509 
14,894 

691,626 
4,431 

11,509 
6,714 
4,651 

36,283 
9,600 

48,963 
97,633 
5,206 
8.049 

25,701 

11,310 

SUMMARY OF CHARGES 
WATER ALTWATER LAND ALTLAND 



AlTACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

REF COMMODITY 

749 DISTILLATE FUEL OIL 
750 DISTILLATE FUEL OIL 
751 DISTILLATE FUEL OIL 
752 DmLLATE FUEL OIL 
753 DISTILLATE FUELOIL 
754 DISTILLATE FUEL OIL 
755 RESIDUAL FUEL OIL 
756 RESIDUAL FUEL OIL 
757 RESIDUAL FUEL OIL 
758 RESIDUAL FUEL OIL 
759 RESIDUAL FUEL OIL 
760 RESIDUAL FUEL OIL 
761 RESIDUAL FUEL OIL 
762 RESIDUAL FUEL OIL 
763 RESIDUAL FUEL OIL 
764 RESIDUAL FUEL OIL 
765 RESIDUAL FUEL OIL 
766 RESIDUAL FUEL OIL 
767 RESIDUAL FUEL OIL 
768 RESIDUAL FUEL OIL 
769 RESIDUAL FUEL OIL 
no RESIDUAL FUEL OIL 
771 RESIDUAL FUEL OIL 
772 RESIDUAL FUEL OIL 
773 RESIDUAL FUEL OIL 
774 RESIDUAL FUEL OIL 
775 RESIDUAL FUEL OIL 
778 RESIDUAL FUEL OIL 
777 RESIDUAL FUEL OIL 
778 RESIDUAL FUEL OIL 
779 RESIDUAL FUEL OIL 
780 RESIDUAL FUEL OIL 
781 RESIDUAL FUEL OIL 
782 RESIDUAL FUEL OIL 
783 RESIDUAL FUEL OIL 
784 RESIDUAL FUEL OIL 
785 RESIDUAL FUEL OIL 
786 RESIDUAL FUEL OIL 
787 RESIDUAL FUEL OIL 
788 RESIDUAL FUEL OIL 
789 RESIDUAL FUEL OIL 
790 RESIDUAL FUEL OIL 
791 RESIDUAL FUEL OIL 
792 RESIDUAL FUEL OIL 

SUMMARY OF CHARGES 
d 

TONS WATER ALT WATER LAND ALT LAND 

ATCH- 18 



AVACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

REF COMMODITY 

793 RESIDUAL FUEL OIL 
794 RESIDUAL FUEL OIL 
795 RESIDUAL FUEL OIL 
796 RESIDUAL FUEL OIL 
797 RESIDUAL FUEL 61~ 
798 RESIDUAL FUEL OIL 
799 RESIDUAL FUEL OIL 
800 RESIDUAL FUEL OIL 
801 RESIDUAL N E L  OIL 
802 RESIDUAL FUEL OIL 
803 RESIDUAL FUEL OIL 
804 RESIDUAL FUEL OIL 
805 RESIDUAL FUEL OIL 
806 RESIDUAL FUEL OIL 
807 RESIDUAL FUEL OIL 
808 RESIDUAL FUEL OIL 
809 RESIDUAL FUEL OIL 
810 RESIDUAL FUEL OIL 
811 RESIDUAL FUEL OIL 

812 RESIDUAL FUEL OIL 
813 RESIDUAL FUEL OIL 
814 RESIDUAL FUEL OIL 
815 RESIDUAL FUEL OIL 
816 RESIDUAL FUEL OIL 
817 RESIDUAL FUEL OIL 
818 RESIDUAL FUEL OIL 
819 RESIDUAL FUEL OIL 

820 RESIDUAL FUEL OIL 
821 RESIDUAL FUEL OIL 

822 RESIDUAL FUEL OIL 
823 RESIDUAL FUEL OIL 

824 RESIDUAL FUEL OIL 
825 RESIDUAL FUEL OIL 
826 LUBRICATING OlLS 

4274BRICARNSGIL+ 
828 LUBRlCATlNO OlLS 

829 LUBRICATING OlLS 
830 LUBRICATING OlLS 
831 LUBRICATING OlLS 
832 LUBRlCATlNG OlLS 
833 LUBRICATING OlLS 
834 LUBRICATING OlLS 
835 LUBRICATING OlLS 

836 LUBRICATING OlLS 

SUMMARY OF CHARGES - 
TONS WATER ALT WATER LAND ALTLAND 



ATACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

REF COMMODITY 

837 LUBRICATING OlLS 
838 LUBRICATING OlLS 
839 LUBRICATING OlLS 

840 LUBRICATING OlLS 
841 LUBRICATING OIL$ 
842 LUBRICATING OlLS 
843 LUBRICATING OlLS 
844 NAPHTHA 
845 NAPHTHA 
846 NAPHTHA 
847 NAPHTHA 
848 NAPHTHA 
849 NAPHTHA 
850 NAPHTHA 
851 NAPHTHA 

852 NAPHTHA 
853 NAPHTHA 
854 NAPHTHA 
855 NAPHTHA 
856 NAPHTHA 
857 NAPHTHA 
858 NAPHTHA 

859 NAPHTHA 
860 ' NAPHTHA 

861 NAPHTHA 
862 NAPHTHA 
863 NAPHTHA 

864 NAPHTHA 
865 NAPHTHA 

866 NAPHTHA 
867 NAPHTHA 

868 ASPHALT 
869 ASPHALT 
870 ASPHALT 

871 ASPHALT 
870 ASPHALT 

873 ASPHALT 
874 ASPHALT 
875 ASPHALT 
876 ASPHALT 
877 ASPHALT 

878 ASPHALT 
879 PETROLEUM COKE 

880 PETROLEUM COKE 

TONS 

6,839 
17,278 
13,775 

5,445 
7,226 

32.446 
1 6,528 

4,770 
9,758 

37.475 

4,576 
43,695 
9.341 

12,278 
7,777 

15.217 
1.400 
4,089 
2.727 

59,673 
13,335 
50,166 
4,369 

12,718 

6,016 
10.632 
5,951 

8,582 
6,000 

5,452 
14,816 

6.235 
15,206 
17,270 
11,066 
11,76Q 
11,540 
6,364 
1,308 

17,977 
17,117 

4,615 
6,000 

11,037 

SUMMARY OF CHARGES 
WATER ALT WATER LAND ALT LAND 



Al7ACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION CANAL STUDY 

REF COMMODITY 

881 PETROLEUM COKE 
882 PETROLEUM COKE 
883 PETROLEUM COKE 

884 PETROLEUM COKE 
885 PETROLEUM COKE 

886 PETROLEUM COKE 
887 PETROLEUM COKE 
888 PETROLEUM COKE 
889 PETROLEUM COKE 
890 PETROLEUM COKE 

891 PETROLEUM COKE 
892 PETROLEUM COKE 
893 PETROLEUM COKE 
894 PETROLEUM COKE 
895 PETROLEUM COKE 

896 PETROLEUM COKE 
897 PETROLEUM COKE 

898 LlQUlFlED PETROLEUM 
899 LlOUlFlED PETROLEUM 

900 LlQUlFlED PETROLEUM 
901 LlQUlFlED PETROLEUM 
902 'LIQUIFIED PETROLEUM 
903 LlQUlFlED PETROLEUM 
904 LlQUlFlED PETROLEUM 
905 LlQUlFlED PETROLEUM 
906 PETROLEUM PBS, NEC 
907 PETROLEUM PBS. NEC 

908 MARINE SHELL 
909 MARINE SHELL 

91 0 MARINE SHELL 
91 1 MARINE SHELL 
912 MARINE SHELL 
913 MARINE SHELL 
914 MARINE SHELL 

915 MARINE SHELL 
91 6 MARINE SHELL 

917 MARINE SHELL ' 
918 MARINE SHELL 
919 MARINE SHELL 
920 MARINE SHELL 
921 MARINE SHELL 

922 MARINE SHELL 
923 MARINE SHELL 
924 MARINE SHELL 

SUMMARY OF CHARGES 

TONS WATER ALT WATER LAND ALT LAND 



ATTACHMENT 1 
TRANSPORTATION RATE ANALYSIS FOR INNER HARBOR NAVIGATION 'CANAL STUDY 

REF COMMODrrY 

925 MARINE SHELL 
926 MARINE SHELL 
927 MARINE SHELL 
928 MARINE SHELL 
929 MARINE SHELL 
930 BASIC TEXTILE POS 
931 MISC POS OF MFG 
932 WASTE AND SCRAP, NEC 
933 WASTE AND SCRAP, NEC 
934 WASTE AND SCRAP, NEC 
935 WASTE AND SCRAP, NEC 
€36 WASTE AND SCRAP, NEC 
€37 WASTE AND SCRAP, NEC 
938 WASTE AND SCRAP, NEC 
939 WASlE AND SCRAP, NEC 
940 WASTE AND SCRAP, NEC 
941 WASTE AND SCRAP, NEC 
942 WASTE AND SCRAP. NEC 
943 WATER 
944 MISC. SHIPMENTS 

SUMMARY OF CHARGES - 
TONS WATER ALTWATER LAND ALTLAND 


