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•• Need for O&M Economic MetricsNeed for O&M Economic Metrics
•• Physical GL SystemPhysical GL System
•• Existing GL Navigation SystemExisting GL Navigation System
•• Existing GLLAPOMExisting GLLAPOM
•• Proposed GLProposed GL--SANDSAND

Great Lakes Dredging EvaluationGreat Lakes Dredging Evaluation
OverviewOverview



Great Lakes Great Lakes 
NavigationNavigation

18 June 2007 – Great Lakes Task Force, Washington DC, prepared by LTC Leady, USACE

O&M Metric NeedsO&M Metric Needs

•• LRB O&M planning studies historyLRB O&M planning studies history
•• Budget prioritization requirementsBudget prioritization requirements
•• OMB wants to see return on investmentOMB wants to see return on investment
•• Derive NED benefitsDerive NED benefits
•• Dredging Dredging –– Determine transportation cost Determine transportation cost 

impacts of not dredgingimpacts of not dredging
•• Harbor Structure maintenance, repair and Harbor Structure maintenance, repair and 

Rehabilitation Rehabilitation –– Delay cost avoided & damages Delay cost avoided & damages 
avoidedavoided
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Great Lakes Great Lakes ––
St. Lawrence SeawaySt. Lawrence Seaway
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Great Lakes System ProfileGreat Lakes System Profile
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Great Lake System Traffic Great Lake System Traffic 
and Rate Savingsand Rate Savings

Commodity 2005 Tons Rate Savings
Coal 42,186,438           553,486,067$            
Petrol Products 4,979,764             115,430,930$            
Aggregates 35,329,206           568,800,217$            
Grains 5,056,971             95,627,322$              
Chemicals 1,041,941             21,026,369$              
Ores & Minerals 6,633,840             131,814,401$            
Iron & Steel 59,426,036           618,625,035$            
Other 18,524,217           594,256,881$            

173,178,413         2,699,067,221$         
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Iron Ore PelletsIron Ore Pellets
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Eastern CoalEastern Coal
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Source of Eastern CoalSource of Eastern Coal
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Western CoalWestern Coal
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LimestoneLimestone
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Great Lakes Fleet  Great Lakes Fleet  
SelfSelf--Unloaders & Bulk Unloaders & Bulk 

FreightersFreighters
Vessel ClassVessel Class U.S. U.S. Canadian     TotalCanadian     Total
1  (<400 ft)1  (<400 ft) 66 66
2 (4002 (400--499 ft)499 ft) 11 11
5 (6005 (600--649 ft)649 ft) 1515 66 2121
6 (6506 (650--699 ft)699 ft) 77 44 1111
7 (7007 (700--730 ft)730 ft) 77 5151 5858
8 (7318 (731--849 ft)849 ft) 12           312           3 1515
9 (8509 (850--949 ft)949 ft) 11 11

10 (95010 (950--1,099 ft) 1,099 ft) 1313 1313
-------- -------- --------
53         7053         70 126126



Great Lakes Great Lakes 
NavigationNavigation

18 June 2007 – Great Lakes Task Force, Washington DC, prepared by LTC Leady, USACE

Self UnloaderSelf Unloader
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Class XClass X
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Class VIIClass VII
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Class VClass V
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Challenge: Aging Challenge: Aging 
Infrastructure & Restricted Infrastructure & Restricted 

Navigation ChannelsNavigation Channels

•• Many navigation structures Many navigation structures 
are greater than 100  years old.are greater than 100  years old.

•• Large drainage basins, Large drainage basins, 
which typically discharge which typically discharge 
at Federal harbors, are at Federal harbors, are 
responsible for rapid and responsible for rapid and 
heavy shoaling. heavy shoaling. 
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Operations & MaintenanceOperations & Maintenance
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Breakwaters        Breakwaters        
Great Lakes NavigationGreat Lakes Navigation

-- 140+ miles of breakwaters on the Great Lakes140+ miles of breakwaters on the Great Lakes
-- Most built between 1860 and 1940 Most built between 1860 and 1940 
-- Timber crib construction (typical)Timber crib construction (typical)
-- Low Lake water levels are accelerating deterioration Low Lake water levels are accelerating deterioration 
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Summary of Ave Annual Summary of Ave Annual 
Maintenance Maintenance –– Buffalo  DistrictBuffalo  District

•• About million CY at 10 harbors About million CY at 10 harbors 
dredged annuallydredged annually

•• Up to 2,000 linear feetUp to 2,000 linear feet
of navigation structures repairedof navigation structures repaired
by floating plantby floating plant

•• Approx. 1 major constructionApprox. 1 major construction
contract let for repairing navigationcontract let for repairing navigation
structures (1structures (1--3 million $$) 3 million $$) 
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Lake Level VariationLake Level Variation

•• During 106 year period of record, lake During 106 year period of record, lake 
levels have varied by:levels have varied by:
–– 5.3 feet on Lake Ontario (Apr & May)5.3 feet on Lake Ontario (Apr & May)
–– 5.6 feet on Lake Erie (Dec)5.6 feet on Lake Erie (Dec)
–– 5.9 feet on Lake Michigan5.9 feet on Lake Michigan--Huron (Oct)Huron (Oct)
–– 3.2 feet on Lake Superior (May)3.2 feet on Lake Superior (May)
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Available Water ColumnAvailable Water Column--
Normal ConditionsNormal Conditions
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Available Water ColumnAvailable Water Column--
Below DatumBelow Datum
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Available Water ColumnAvailable Water Column--
Dredging BacklogDredging Backlog



Great Lakes Great Lakes 
NavigationNavigation

18 June 2007 – Great Lakes Task Force, Washington DC, prepared by LTC Leady, USACE

GLLAPOMGLLAPOM

GGreat
LLakes
LLevels
AAnalysis of
PPorts
OOperations &
MMaintenance
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Model SchematicModel Schematic

 

 
Origin - Destination 

Tonnage by 
Commodity 

 
Historical Monthly 

Lake Levels 

 
Shipment List w/ 

Added Info 

 
Port Info 

Connecting 
Channel Info 

 
Vessel Operating 
Characteristics GLLAPOM 

Program 

Transportation 
Cost by Depth 

Dredging Costs 
by Depth 

BC 
Analysis 

Shoaling 
Rates 

 
Vessel Class 

Operating Costs



Great Lakes Great Lakes 
NavigationNavigation

18 June 2007 – Great Lakes Task Force, Washington DC, prepared by LTC Leady, USACE

Benefit FrameworkBenefit Framework

•• Calculate Transportation Costs under WOPC Calculate Transportation Costs under WOPC 
(no dredging)(no dredging)

•• Calculate Transportation Costs under WPC Calculate Transportation Costs under WPC 
(Dredging to authorized depth)(Dredging to authorized depth)

•• Benefit is Benefit is TCTCwpcwpc –– TCTCwopcwopc (Transportation Cost (Transportation Cost 
Savings Benefit)Savings Benefit)

•• Need to know shoaling rate in harbor Need to know shoaling rate in harbor channel(schannel(s))
•• Need to know total cost of dredging of harbor Need to know total cost of dredging of harbor 

channel(schannel(s))
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Input Data Input Data –– Shipment ListShipment List

•• List of historic boat movements for base data List of historic boat movements for base data 
yearyear

•• Data ItemsData Items
–– Vessel numberVessel number
–– Trips (Multiple origin or destination flag)Trips (Multiple origin or destination flag)
–– Origin portOrigin port
–– Origin dateOrigin date
–– Destination portDestination port
–– Destination dateDestination date
–– Commodity typeCommodity type
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Input Data Input Data –– Shipment ListShipment List

•• Origin Origin -- Destination tonnage by commodityDestination tonnage by commodity
•• Use representative historic yearUse representative historic year’’s s 

shipment list datashipment list data
•• Ordered by vessel through systemOrdered by vessel through system
•• Objective is to estimate the cost of each Objective is to estimate the cost of each 

individual commodity movement based on individual commodity movement based on 
given constraintsgiven constraints

•• Leftover tonnage moves at Leftover tonnage moves at aveave rate for rate for 
given Ogiven O--DD--C tripletC triplet
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Input Data Input Data ––
Vessel Operating CharacteristicsVessel Operating Characteristics

–– Mid Summer draft and tonnage capacity Mid Summer draft and tonnage capacity 
for 13 commodity typesfor 13 commodity types

–– Maximum draft for Summer, Maximum draft for Summer, 
Intermediate and Winter seasons (US Intermediate and Winter seasons (US 
Coast Guard limits)Coast Guard limits)

–– Cubic capacityCubic capacity
–– Immersion factor (tons per inch of draft)Immersion factor (tons per inch of draft)
–– Vessel classVessel class



Great Lakes Great Lakes 
NavigationNavigation

18 June 2007 – Great Lakes Task Force, Washington DC, prepared by LTC Leady, USACE

Great Lakes Average Great Lakes Average 
Hourly Vessel Operating CostsHourly Vessel Operating Costs

•• For Each Class For Each Class –– 2 through 102 through 10
•• Total Daily Variable Operating CostsTotal Daily Variable Operating Costs

–– Wages, subsistence, stores, supplies & equip, Wages, subsistence, stores, supplies & equip, 
insurance, maintenance & repair, fuel & insurance, maintenance & repair, fuel & 
overhead factoroverhead factor

•• Total Daily Fixed CostsTotal Daily Fixed Costs
–– Annual fixed cost based on construction Annual fixed cost based on construction 

costs, amortization factor, season length & costs, amortization factor, season length & 
profit factorprofit factor
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Input Data Input Data -- Ports/DocksPorts/Docks

•• Each port is uniqueEach port is unique
•• Many ports serve multiple commodity Many ports serve multiple commodity 

typestypes
•• Each commodity type can have its own Each commodity type can have its own 

limiting depthlimiting depth
•• Many docks have loading and unloading Many docks have loading and unloading 

equipment, which has hourly handling equipment, which has hourly handling 
ratesrates

•• Many ports require additional maneuvering Many ports require additional maneuvering 
timetime
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Other Input DataOther Input Data

•• Connecting Channel DepthsConnecting Channel Depths
–– St Lawrence River, Welland Canal, St Lawrence River, Welland Canal, 

Detroit River, Lake St Clair, St Clair Detroit River, Lake St Clair, St Clair 
River, Straits of Mackinac, St MaryRiver, Straits of Mackinac, St Mary’’s s 
River, River, SooSoo Locks, Vidal ShoalsLocks, Vidal Shoals

•• GL port to port mileage tables GL port to port mileage tables 
–– (169 X 168 distances)(169 X 168 distances)

•• Unique harbor maneuvering time (Unique harbor maneuvering time (e.ge.g
Cleveland, Toledo)Cleveland, Toledo)
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GLLAPOMGLLAPOM
Model  WeaknessesModel  Weaknesses

•• Does not chose optimum boat for tripDoes not chose optimum boat for trip
•• No alternative mode analysisNo alternative mode analysis

–– Cannot calculate savings over next least Cannot calculate savings over next least 
costly modecostly mode

•• Fleet cannot easily be changedFleet cannot easily be changed
•• Does not incorporate risk & uncertaintyDoes not incorporate risk & uncertainty
•• Not using a system approach (double Not using a system approach (double 

counting is inherent)counting is inherent)
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GLGL--SANDSAND
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GLGL--SAND DesignSAND Design

•• Model is being designed from a system Model is being designed from a system 
perspectiveperspective

•• Model can Measure Impacts for Model can Measure Impacts for 
Deepening and Continued O&MDeepening and Continued O&M

•• Model to be RiskModel to be Risk--Based Based 
•• Refined and Added DataRefined and Added Data



Great Lakes Great Lakes 
NavigationNavigation

18 June 2007 – Great Lakes Task Force, Washington DC, prepared by LTC Leady, USACE


