
                                          

 

 

Appendix B: Economic Analysis 

For 

Chicago Area Waterway Systems (CAWS) 

Dredged Material Management Plan (DMMP) 

 

 

 

  

 

 

 

 

 

 

 

April 2019 

 

 

 



                                          

 

 

 

 

 

 

 

 

 

Page intentionally left blank 



Appendix B: Economic Analysis 

CAWS DMMP 

Last Updated – April, 2019 

Contents 
1.0 Introduction ....................................................................................................................................... 6 

1.1 Scope of Analysis ......................................................................................................................... 6 

1.2 Period Analysis, Price Level and Federal Discount Rate .............................................................. 7 

1.3 Geographic Setting ........................................................................................................................ 7 

2.0 NED Benefits: Calumet Harbor and River ........................................................................................ 9 

2.1 Traffic Demand Forecast .............................................................................................................. 9 

2.2 Estimation of Average Annual Transportation Benefits ............................................................. 12 

3.0 NED Benefits: Cal-Sag Channel ..................................................................................................... 18 

3.1 Traffic Demand Forecast ............................................................................................................ 18 

3.2 Estimation of Average Annual Transportation Benefits ............................................................. 21 

4.0 Economic Evaluation of Alternative Plans ..................................................................................... 25 

4.1 Description of Alternative Plans ................................................................................................. 25 

4.2 Summary of Costs for Alternative Plans ..................................................................................... 25 

4.3 Dredging Schedule and Costs ..................................................................................................... 27 

4.4 Estimates of AAC for Alternative Plans ..................................................................................... 28 

4.5 Estimates of Net Benefits and BCRs for Alternative Plans ........................................................ 29 

5.0 Uncertainties and Associated Risks ................................................................................................ 30 

5.1 Uncertainty Surrounding Future Traffic Demand at Calumet Harbor and River and Cal-Sag 
Channel ................................................................................................................................................... 30 

5.2 Uncertainty Surrounding Critical Shoaling Rates ....................................................................... 32 

6.0 Acronyms ........................................................................................................................................ 34 

7.0 References ....................................................................................................................................... 35 

 

Attachments: 

Appendix B – Attachment 1: Calumet Harbor and River Traffic Demand Forecast  

Appendix B – Attachment 2: Calumet-Saganashkee Channel Traffic Demand Forecast 

Figures: 

Figure 1: Calumet Harbor and River Study Area .......................................................................................... 8 

Figure 2: Historical Tonnage for the Calumet Harbor and River Federal Channel (Data Source: WCSC) 10 

Figure 3. Flowchart of GL-SAND Model Inputs and Outputs ................................................................... 13 

Figure 4: Calumet Harbor and River Shoaling Areas ................................................................................. 15 



Appendix B: Economic Analysis 

CAWS DMMP 

Last Updated – April, 2019 

Figure 5: Historical Tonnage for the Cal-Sag Channel (Data Source: WCSC) .......................................... 19 

Figure 6: Cal-Sag Channel and River Shoaling Areas ................................................................................ 23 

Tables: 

Table 1: Period of Analysis, Price Level and Federal Discount Rate ........................................................... 7 

Table 2: Historical Tonnage (in 1000s) for the Calumet Harbor and River Federal Channel 1/ ................... 9 

Table 3: Tonnage (Average of Years 2015-2017) by Commodity and Draft Type 1/ ................................. 10 

Table 4: Calumet Harbor and River Traffic Demand Forecast (Shallow and Deep-Draft, 1000s) 1/ 2/ 3/..... 12 

Table 5: Reach 1 and Reach 2 – Shoals and Channel Depths (Feet Below Low Water Datum) 1/ ............. 16 

Table 6: Calumet Harbor and River – Traffic Allocation to Reach 1 & Reach 2 ....................................... 16 

Table 7: Calumet Harbor and River: Average Annual Benefits (AAB) ..................................................... 17 

Table 8: Historical Tonnage (in 1000s) for the Calumet-Sag Channel 1/ .................................................... 18 

Table 9: Cal-Sag Channel Traffic Demand Forecast (1000s) 1/ 2/ ............................................................... 21 

Table 10: Shoaling River Mile 303 (Feet Below Chicago City Datum) 1/ .................................................. 23 

Table 11: Cal-Sag Channel: Average Annual Benefits ............................................................................... 24 

Table 12: Real Estate Acquisition Schedule and Costs for Alternative Plans ............................................ 26 

Table 13: PED Schedule and Costs for Alternative Plans .......................................................................... 26 

Table 14: Construction Schedule and Costs for Alternative Plans ............................................................. 26 

Table 15: Construction Management (CM) Schedule and Costs for Alternative Plans 1/ ........................... 27 

Table 16: Sediment Management Schedule and Costs for Alternative Plans 1/ .......................................... 27 

Table 17: Dredging Schedule and Costs for Alternative Plans 1/ 2/ 3/ ........................................................... 28 

Table 18: Average Annual Costs for Alternative Plans 1/ ........................................................................... 28 

Table 19: Summary of Annual Tonnage, AAC, AAB, Net Benefits and BCR for Alternative Plans 1/ 2/ 3/ 29 

Table 20: Risk Register Template – Determination of Risk Ratings 1/ ....................................................... 30 

Table 21: Definition of Consequence, Likelihood, and Confidence Ratings 1/ ........................................... 30 

Table 22: Summary of AAB for Expected, Low, and High Traffic Demand Forecasts 1/ .......................... 32 

Table 23: Sensitivity of Calumet Harbor and River AAB to Changes in the Shoaling Rate ...................... 33 



Appendix B: Economic Analysis 

CAWS DMMP 

Last Updated – April, 2019 

Table 24: Sensitivity of Cal-Sag Channel AAB to Changes in the Shoaling Rate ..................................... 33 



Appendix B: Economic Analysis 

CAWS DMMP          6 of 35 

Last Updated – April, 2019 

Appendix B: Economic Analysis 

For 

Chicago Area Waterway Systems (CAWS) 

Dredged Material Management Plan (DMMP) 

1.0 Introduction 

This Economic Appendix describes the methods and results of each economic analysis completed in 
support of the Chicago Area Waterway System (CAWS) Dredged Material Management Plan (DMMP). 
The CAWS DMMP seeks to develop alternative plans to allow for continued operation and maintenance 
dredging of Calumet Harbor and River and the Calumet Saganashkee (Cal-Sag) Channel. All economic 
evaluations were completed in accordance with U.S. Army Corps of Engineers (USACE) policies and 
evaluation procedures as defined by the Economic and Environmental Principles & Guidelines for Water 
and Related Land Resources Implementation Studies (P&G).  

Calumet Harbor and River are maintained at dimensions that allow for deep-draft (those that draft greater 
than 12 feet) traffic to utilize the channels while the Cal-Sag Channel is a shallow-draft waterway 
(accommodating barges drafting less than or equal to 12 feet). This appendix first presents the annual 
transportation benefits (national economic development (NED) benefits) for Calumet Harbor and River, 
and the Cal-Sag Channel. The data sources, methods, and findings are summarized. The average annual 
costs for each plan are then presented, along with the net benefits and benefit-to-cost ratio (BCR). 

1.1 Scope of Analysis 

1.1.1 NED Benefits 

Continued maintenance of a waterway allows vessels (deep-draft) and barges (shallow draft) to move 
commodities through the given channel at a particular transportation cost. Discontinued maintenance of a 
channel (future without-project condition; FWOP) would allow for shoaling. The reduction in channel 
dimensions may cause vessels to light-load, which would increase the of vessel trips to move the same 
amount of tonnage, and thus, increase transportation costs. The benefits associated with continued 
maintenance of the channels (future with-project condition; FWP) are the avoided increases in 
transportation costs. The determination of transportation benefits for Calumet Harbor and River and the 
Cal-Sag are each delineated into two key sections: (1) traffic demand forecast; and (2) estimated 
transportation benefits. 

Waterway traffic demand forecasts are a necessary input for navigation system modeling. Projections help 
guide waterway system investments by outlining future demand for waterway services at critical points in 
the system. When coupled with transportation costs, these forecast demands also provide a first order 
estimate of the benefits waterway shippers gain from using the system and their willingness-to-pay for 
different levels of service (NED benefits). These are both necessary for estimating the relative benefit-
cost ratios (BCRs) for project-specific investments. 

1.1.2 Economic Evaluation of Alternative Plans 
In support of this DMMP, various alternative plans were developed that would  allow for continued 
operation and maintenance of Calumet Harbor and River and the Cal-Sag Channel for 20 years – the first 
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project year being Fiscal Year (FY) 2026. A total of six alternative plans are identified and analyzed, one 
of which is the “No-Action” Plan.  

This appendix then presents estimates of the total cost (present value) and average annual cost (AAC) for 
the six alternative plans developed in support of the CAWS DMMP, to include: No Action, LTV, 
Wisconsin Steel, KCBX, 116th & Burley (Beemsterboer), and Vertical Expansion. The “No Action Plan” 
is identical to the FWOP condition. In the No Action Plan, maintenance of the Federal channels is 
discontinued. 

1.2 Period Analysis, Price Level and Federal Discount Rate 

This economic appendix presents an evaluation of NED benefits and costs associated with a 20-year period 
of analysis, the first project year (PY1) being Fiscal Year 2019 (FY19). The project benefit and cost time 
streams were converted to average annual values using a 20-year period of analysis (FY26-45), the FY19 
Federal discount rate (FDR) of 2.875 percent (per Economic Guidance Memorandum, 19-01, Federal 
Interest Rates for Corps of Engineers Projects for Fiscal Year 2019), and FY19 prices. The annuity factor 
is determined using the FY19 FDR and FY19 price level. It is used to derive the estimated average annual 
benefits (AAB) and average annual costs (AAC)., and FY19 prices. The annuity factor is determined using 
the FY19 FDR and FY19 price level. It is used to derive the estimated average annual benefits (AAB) and 
average annual costs (AAC). 

Table 1: Period of Analysis, Price Level and Federal Discount Rate 

Period of Analysis 20 Years 
Base Year: Project Year 1 (PY1)  FY26 
Project Year 2 (PY20) FY45 
Price Level FY19 
FY19 Federal Discount Rate 2.875% 
Annuity Factor 0.038 

 
1.3 Geographic Setting 

Calumet Harbor & River is located on Lake Michigan in the City of Chicago, Illinois. The federally- 
maintained project includes an approach channel, an outer harbor channel that’s protected by two miles of 
breakwater, an entrance channel, and a river channel. The approach and outer harbor channels are mainly 
in Indiana and span approximately 4.4 miles. The entrance channel and river channel are in Illinois and 
extend approximately 6.7 miles up the Calumet River to Lake Calumet. There are three turning basins 
along the river channel numbered 1, 3, and 5 as seen in Figure 1. Authorized depths are 29 feet below 
Lake Michigan Low Water Datum (LWD) in the approach channel, 28 feet below LWD in the outer 
harbor channel, and 27 feet below LWD in the river channel. 

The Cal-Sag Channel is a 16 mile long navigation canal in southern Cook County, Illinois. The original 
purpose of the Cal-Sag Channel was to serve as a channel between the Little Calumet River and 
the Chicago Sanitary and Ship Canal which allows for shallow draft vessels to move commodities at a 
specific transportation cost. Shoaling naturally occurs within the channel so continuous channel 
maintenance is required in order to maintain efficient shipping patterns. Reduced channel dimensions 
could decrease the efficiency of moving goods on the waterway and increase the associated shipping 
costs. Since almost all of the traffic utilizing the Cal-Sag is through-traffic, all vessels would have to 
accommodate the reduced channel dimensions. The Cal-Sag Channel has an authorized channel depth 
of 9 feet and an authorized channel width of 225 feet. Maintenance is authorized to a useable depth 
of 9 feet below the normal pool elevation, which is normally maintained at -2 feet referenced to 
Chicago City Datum (CCD). Since the standard jumbo barge is 35 feet wide, this channel width 

https://en.wikipedia.org/wiki/Canal
https://en.wikipedia.org/wiki/Cook_County,_Illinois
https://en.wikipedia.org/wiki/Illinois
https://en.wikipedia.org/wiki/Little_Calumet_River
https://en.wikipedia.org/wiki/Chicago_Sanitary_and_Ship_Canal
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allows for 2-barge wide tow configurations (70 feet wide) to pass each other. The focus for this 
analysis was on the changing depth due to shoaling rather than changes in width since the depth is 
the limiting channel dimension for vessel traffic at this location. Specifically, losses in depth could 
require vessels to light-load. The benefits associated with continued maintenance of the channels are the 
avoided increases in vessel transportation cost.  

 

Figure 1: Calumet Harbor and River Study Area 
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2.0 NED Benefits: Calumet Harbor and River   

2.1 Traffic Demand Forecast 

The forecasted commodity movements in this analysis are used in the estimation of vessel transportation 
costs. Commodity groups considered in the forecast include: aggregates, chemicals, coal, crude 
petroleum, grains, iron/steel, ores/minerals, others, and petroleum products. Calumet Harbor and River 
are currently maintained at dimensions that allow for deep-draft vessels (those that draft greater than 12 
feet) to utilize the channels. Calumet Harbor & River moved an average of approximately 7.5 million tons 
of commodities over the last three years (2015-2017) with an average of 63% of those tonnages being 
moved on deep-draft vessels and the rest being transported on shallow-draft barges. Refer to Appendix B 
– Attachment 1: Calumet Harbor and River Traffic Demand Forecast for a complete description of the 
methods, data sources, and findings of the Calumet Harbor and River traffic demand forecast. 

2.1.1 Sources 

The U.S. Army Corps of Engineers (USACE) Waterborne Commerce Statistics Center (WCSC) provides 
data regarding annual tonnage movements on U.S. waterways and is utilized to establish tonnage trends at 
Calumet Harbor and River. Projections were also used from Criton Corporation when available. The 
Criton Corporation projections include forecasts for 24 separate dry commodities moving by barge on the 
Mississippi River and its connecting waterways.  

2.1.2 Base Year Tonnage & Forecast Period 

A 3 year average tonnage from 2015 through 2017 was used as the base year tonnage for the forecast. An 
average of years is used to avoid forecasting based on an unusually low or high traffic year.  This study 
uses a 20 year period of analysis from 2026 to 2045. Due to uncertainty surrounding changes within 
commodity markets and associated policies over the entirety of this period, changes in traffic demand are 
only projected until 2021, and then held constant. This forecast period is reflects the years for which 
indexes are available from the Criton Corporation.  

2.1.3 Historical Tonnage 

Historical tonnage through Calumet Harbor and River can be seen in Table 2 and is graphed with a 
trendline in Figure 2. As shown, tonnage through the channel has been declining over recent years and 
has not been over 13 million since 2007 prior to the economic downturn in 2008. The majority of tonnage 
transits on deep-draft vessels and has shipping or receiving destinations on Calumet Harbor and River.  

Table 3 displays the percentage of tonnage (average of years 2015-2017) by commodity that transited on 
a deep draft versus shallow draft vessels. The iron/steel, others, petroleum products, and ores/minerals 
commodity groups represent approximately 80% of the tonnage shipped through the federal channel and 
roughly 77% of the total deep draft tonnage. Historically, coal has also represented a large percentage of 
deep draft tonnage at around 13% for the base year.  

Table 2: Historical Tonnage (in 1000s) for the Calumet Harbor and River Federal Channel 1/ 

Year 2000 2005 2010 2015 2016 2017 
Base Year 
(Average: 2015-2017) 

Tons (1000s) 13,051 12,683 10,094 8,642 6,706 7,302 7,550 
1/ Source: WCSC. All values rounded to the nearest thousand. 
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Figure 2: Historical Tonnage for the Calumet Harbor and River Federal Channel (Data Source: WCSC) 

 

Table 3: Tonnage (Average of Years 2015-2017) by Commodity and Draft Type 1/ 

Commodity 
Group 

Deep Draft (DD) Tonnage  Shallow Draft (SD) Tonnage  
Total Tonnage  

(Deep & Shallow 
Draft) 

Shipments Receipts % of 
Total DD Shipments Receipts % of 

Total SD  Tons % of 
Total  

Coal 618,688 4,028 13% 489 0 0% 623,206 8% 
Petroleum 
Products 123,292 966,683 23% 127,772 73,794 7% 1,291,541 17% 

Crude Petro.  0 0 0% 0 0 0% 0 0% 
Aggregates 10,609 410,663 9% 7,533 48,146 2% 476,951 6% 
Grains 33,047 13,262 1% 185,769 2,527 7% 234,605 3% 
Chemicals 11,773 3,196 0% 46,769 114,418 6% 176,154 2% 
Ores/ 
Minerals 7,787 883,503 19% 67,485 330,271 14% 1,289,046 17% 

Iron/Steel 50,107 513,541 12% 362,427 970,377 48% 1,896,451 25% 
Others 308,058 811,667 23% 251,352 163,559 15% 1,534,637 20% 
Total 1,163,361 3,606,542 - 1,049,596 1,703,093 - 7,522,592 - 

1/ Source: WCSC. 
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2.1.4 Key Market Drivers  

The Calumet Harbor and River forecast was developed for nine commodity groups (refer to Table 3 for 
listing). Key market drivers were considered for each commodity group that was determined to likely 
have a significant impact on the forecast. A brief summary of the findings for each commodity group 
forecast are provide below. Refer to Appendix B – Attachment 1: Calumet Harbor and River Traffic 
Demand Forecast for a complete description of the market drivers used to develop the forecast for each 
commodity group.  

Coal reached its peak tonnage in the federal channel in 2011 at over 4 million tons, but has been below 
450,000 tons for the last two years. Historically coal transiting the federal channel was used in coal-
powered plants, but plants such as Crawford in Little Village and Fisk in Pilsen closed in 2012. 
Additionally, the Joliet plant was converted to natural gas. The Romeoville and Waukegan coal-powered 
plants are still in operation, but closed some of their older units. The nation as a whole has also 
experienced a steady decline in coal demand since 2008. This is attributed to greater competition from 
more cost-effective energy solutions (i.e., renewable energy and natural gas industries), more stringent 
environmental regulations in the U.S., and a decline in international demand as other countries also move 
towards renewable sources. These trends are likely to continue, making it difficult for the coal industry to 
remain viable. There has been a drastic decline in coal tonnage transiting the channel especially since 
2015. Some tonnage may continue to transit the harbor and river for the foreseeable future. Due to these 
factors, coal tonnage was assumed to be constant (about 623,000 tons, an average of 2015-2017 tonnages) 
for the expected forecast. 

Petroleum products shipments to/from Calumet Harbor and River represented about 17% of the total 
tonnage (about 1.3 million tons) from 2015 through 2017. Due to the quantity and variability of the 
petroleum products commodity group, a forecast was completed for the movements in this commodity 
group, less to/from docks near Lake Calumet, as those movements have been both minimal and consistent 
for the past 18 years. Forecasted movements were based on a Microsoft Excel Forecast Function for 
linear regression using historical tonnages (2000 to 2017), as reported by WCSC.  

Less than 20,000 tons of crude petroleum have shipped to or from docks within the Calumet Harbor and 
River federal channel since 2000. For this reason, crude petroleum was not considered to impact this 
forecast and was not included in the tonnage forecast. 

Aggregates tonnage has been largely consistent since the economic downturn in 2008. This group 
represents several commodities. Future tonnages were held constant except for commodities where Criton 
Corporation had made a projection; for those, those growth rates were applied through 2021 and then held 
constant thereafter.   

Grain tonnage has been relatively consistent for the last 18 years accounting for only around 3% of total 
commodity traffic in the last 3 years (2015-2017). Since there has been little variability or tonnage in 
recent years, grain commodities were assigned growth rates based on projections developed by Criton 
Corporation. The growth rates were applied through 2021 and then tonnage was held constant thereafter.   

There has not been a shipment of ores/minerals to/from the docks adjacent to Lake Calumet since 2014. 
Prior to that, tonnage was minimal at those docks. At the remaining docks, ores/minerals have accounted 
for close to 17% of the channel’s traffic in the last 3 years (2015-2017), though tonnage has declined 
every year since 2015. Due to the quantity and variability of ores/minerals, a forecast (using the Microsoft 
Excel Forecast Function for linear regression) was completed for shipments to/from the Calumet Harbor 
and River docks. For docks adjacent to Lake Calumet, Criton Corporation growth rates were applied 
through 2021 and then tonnage was held constant thereafter.   
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Iron and Steel accounts for the highest percentage of overall channel traffic at 25% (average of years 
2015-2017). There has been a large decrease in tonnage from 2000 to 2017 though tonnage has been 
relatively more consistent since the recession in 2008. The Great Lakes and Mid-Atlantic region is home 
to the majority of domestic steel producers making Calumet Harbor and River highly susceptible to 
changes within the iron/steel markets. Some of the key market factors that have contributed to demand 
variability include: shifts in steel-making technology, global over-capacity, domestic and foreign 
economic growth, aging infrastructure, tariffs, policies and regulations, imports and exports, and product 
substitution. For these reasons, a forecast (using the Microsoft Excel Forecast Function for linear 
regression) was completed for the iron/steel commodities except where a growth projection had already 
been developed by Criton Corporation. For commodities where Criton Corporation had made a 
projection, those growth rates were applied through 2021 and then tonnage was held constant thereafter.  

The others commodity group accounts for approximately 20% (average of years 2015-2017) of total 
commodity traffic shipped to/from docks within the federal channel and has remained relatively steady 
since 2000. Over 60 commodities make up this category which could all potentially change given market 
factors. Given the overall consistency historically of the group as a whole, all commodities in this group 
were held constant using the average tonnage for years 2015-2017 (i.e., base year tonnage) of about 1.5 
million tons for the forecast. 

2.1.5 Expected Forecast 

The Microsoft Excel Forecast Function for linear regression was used to forecast future traffic demand 
changes for commodities without a Criton Corporation index (Criton, 2017). Since markets are influenced 
by a variety of factors and can change quickly, commodity tons were forecasted to year 2021 and then 
held constant thereafter. Overall, total tons to/from the federal channel are expected to remain at about 8.4 
million tons per year over the period of analysis (Table 4). However, there is uncertainty surrounding the 
expected forecast, as any significant changes in the forecasted markets for each commodity group pose a 
risk that the model has overestimated or underestimated the projected traffic for Calumet Harbor and 
River. A characterization of this risk is presented in Section 5.1 - Uncertainty Surrounding Future Traffic 
Demand at Calumet Harbor and River and Cal-Sag Channel.  

Refer to Appendix B – Attachment 1: Calumet Harbor and River Traffic Demand Forecast for further 
regarding the following: application of the Microsoft Excel Forecast Function, as well as the specific 
Criton Corporation indices that were used to develop the expected forecast; and an assessment of the risk 
that projected tonnages were over- or underestimated. 

Table 4: Calumet Harbor and River Traffic Demand Forecast (Shallow and Deep-Draft, 1000s) 1/ 2/ 3/  

Year 2015 2020 2025 2030 2035 2040 2045 
Tons (1000s) 8,642 8,523 8,389 8,389 8,389 8,389 8,389 

1/ All values presented in thousands. 
2/ Years 2015 through 2017 are observed tonnage. Source: WCSC. 
3/ As of 2022, tonnage is held constant for the remainder of the period of analysis, the final year being 2045.  
 
2.2 Estimation of Average Annual Transportation Benefits 
The avoided increases in transportation costs (due to the continuation of channel maintenance), over a 20-
year project evaluation period, are the benefits for this evaluation. The difference in vessel transportation 
costs associated with maintaining current harbor depths (FWP condition) and vessel transportation costs 
associated with the discontinuation of harbor dredging (FWOP condition), are the benefits associated with 
continuing to maintain Calumet Harbor and River. For both the FWP and FWOP, the expected tonnage 
forecast is used. 
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For both the FWP and FWOP condition, these vessel movements and corresponding tonnages for the 
Calumet Harbor and River expected forecast were used to generate vessel transportation costs associated 
with various harbor and river channel depths. In other words, the same traffic demand forecast is used for 
both the FWP and FWOP conditions; however, the vessel loading rates and number of trips differ in each 
condition since available channel depths are reduced due to shoaling in the FWOP condition. This 
economic viability assessment only accounts for deep draft vessel movements (i.e., those that draft greater 
than 12 feet). These are the movements that would be expected to be adversely impacted by shoaling of 
the harbor or river. All commodities that moved on shallow draft vessels (i.e., those drafting less than or 
equal to 12 feet), are not considered for this analysis, as shoaling is not expected to be substantial enough 
to impact these shallow vessels during the period of analysis. .  

2.2.1 GL-SAND Model 

To calculate increases in vessel transportation costs for each vessel movement given reductions in channel 
depth, the Great Lakes Systems Analysis of Navigation Depths (GL-SAND) model was utilized. GL-
SAND was developed by the USACE Buffalo District (LRB) in conjunction with the Planning Center of 
Expertise for Inland Navigation (PCXIN) to measure navigation project performance in the Great Lakes. 
The model is a deterministic model that estimates the transportation cost savings benefit (NED) 
associated with maintaining authorized depths and future proposed design depths at all Great Lakes and 
St. Lawrence River Ports.  The model was certified for official use 6 February 2014 and maintains 
certification until 6 February 2021. Additional information about the GL-SAND model is provided below. 

 

Figure 3. Flowchart of GL-SAND Model Inputs and Outputs 

GL-SAND measures the economic benefits associated with maintaining (dredging) or enhancing 
(deepening) a federal channel. The model looks at how transportation costs change at differing channel 
depths dependent on historical movements, commodities, vessel specifics, water levels, etc. See Figure 
3for a flow chart of GL-SAND inputs and outputs. 
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Economic benefits are generated by the change in transportation costs caused by changes in depth of a 
channel. The model looks at a movements based on Origin-Destination-Commodity (ODC).  

To evaluate the effects of shoaling in a given channel, GL-SAND looks at the vessels in order of arrival 
during a given year which were utilized in the ODC. The model fully loads each vessel based on its 
characteristics and the commodity’s characteristics up to the maximum carrying capacity given channel 
restrictions. It repeats this process based on the actual vessels that made this trip in a given year until all 
tonnage of the ODC has been delivered. As the channel depths are reduced due to shoaling, more trips are 
needed to carry the set amount of annual tonnage, since each vessel can carry less tonnage. This increases 
the number of trips necessary to complete the ODC and leads to lower higher transportation costs. This 
provides the justification for maintenance dredging.  

In some instances, an ODC may not generate any benefits if the tonnage moved does not fill the vessel. 
The most common reasons are that only low tonnage comes in for an ODC or a vessel simply does not 
draft to the lower depths, such as a barge entering a deep draft harbor. 

Inputs into GL-SAND include: 

• Annual Waterborne Commerce Statistics (WCS) vessel trip data for movements on the Great Lakes. 
This data includes the harbor/dock of origin, date of departure, harbor/dock of destination, tonnage 
and commodity carried. 

• Vessel characteristics which include the vessel carrying capacity for different commodities, speed, 
size, loading and unloading rates, etc. This information is updated annually based on Greenwoods 
Guide to Great Lakes Shipping (Harbor, 2019). 

• Vessel operating costs which is the hourly cost to operate a vessel. This information is derived from 
prior survey efforts, which are updated via inflation indexes. 

• Dock distance tables, channel restrictions, historical water levels. 
• Dock loading and unloading rates.  
• Output for GL-SAND is given by ODC with the total cost of that movement at a given depth. That 

information is then used to calculate the Cost Per Ton (CPT) based on the total tonnage moved. With 
that information, we can use the CPT along with forecasted tonnages and shoaling levels to estimate 
expected costs in the FWP and FWOP conditions.  

 
Not all deep-draft tonnage is modeled annually in GL-SAND. For example, complete Waterborne 
Commerce Statistics data is not available, particularly for ‘foreign’ (i.e., movements with origins or 
destinations at docks outside of the U.S.). As a result, this data is excluded from the annual GLSAND 
model runs. In the case of Calumet Harbor and River, there were several such instances. This resulted in 
modeled tonnage being 10% (High scenario) to 20% (Low scenario) below actual forecasted levels. To 
account for the changes in transportation costs for these non-modeled commodity movements, the 
transportation costs per ton for modeled commodity movements were used as a proxy for non-modeled 
transportation costs. For instance, if a deep-draft movement of coal was not considered in GL-SAND, the 
average transportation cost per ton (at each depth) for modeled movements was used as an approximation 
for the missing commodity movement.  

 
2.2.2 Future With-Project Condition Average Annual Transportation Costs 

Calumet Harbor and River has three different authorized channel depths: 29 feet in the Approach 
Channel, 28 feet in the Outer Harbor Channel and 27 feet in the River Channel. However, 27 feet was 
chosen as the maintained channel depth due to the fact that this is the limiting project depth adjacent to 
the docks where the vessels dock and transmit the cargo.  
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Two locations along the river have been identified as places where the most shoaling occurs. These 
“critical shoals” represent locations that could substantially impact navigation if dredging were to cease. 
The first critical shoal is located at the mouth of Calumet River, while the second occurs downstream at 
Shoal 07. These locations are displayed in Figure 4. Commodities moving to and from docks located 
between Shoal 04 and Shoal 07 are assumed to be impacted by Shoal 04’s shoaling rate. The remaining 
commodities with origins or destinations beyond Shoal 07 are assumed to be impacted by this shoaling 
rate. 

 

Figure 4: Calumet Harbor and River Shoaling Areas 
Dredging operations are assumed to target areas within the channel that experience the most shoaling in 
order to maintain authorized channel depths. Over-dredging of the channel up to 1 foot beyond authorized 
depth is permitted, which offsets any anticipated shoaling during the course of the year until the next 
dredging event. This is reflected in the FWP condition, where the authorized depth of 27 feet (river 
channel) and 28 feet (harbor channel) are maintained. 

The FWP condition time stream (for the sum of all commodities for Reach 1 and Reach 2) was converted 
to an average annual value using a 20-year project life and the FY19 FDR of 2.875 percent and FY19 
prices. In the FWP condition, the federal channel dimensions will be maintained and shippers will not 
incur additional costs due to light-loading.  
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2.2.3 Future Without-Project Condition Average Annual Transportation Costs 

If dredging at Calumet Harbor and River was discontinued, due to a lack of a suitable DMMP, the harbor 
and river channels would gradually fill in. Thus, additional transportation costs would be incurred at 
various channel depths. Transportation costs associated with not maintaining the harbor and river is the 
transportation cost time stream that develops due to the discontinuation of dredging, and the annual 
shoaling rates at various parts of the channels. Since there is no single shoaling rate that is representative 
of Calumet Harbor and River in its entirety, shoaling rates were developed for multiple areas along the 
harbor and river. Refer to the CAWS DMMP Main Report for details regarding the processes used to 
generate the various shoaling rates along Calumet Harbor and River. 

To forecast the transportation cost increases incurred by the vessels that ship goods to and from various 
locations along Calumet River, commodities were categorized by their origin or destination docks. For 
each dock, the critical shoal that all vessels must traverse in order to ship goods to or from its location 
was identified. For the purposes of this analysis, the critical shoal is defined as the location with the 
greatest shoaling rate that will adversely impact navigation to a particular dock. The annual shoaling rate 
corresponding with the critical shoal for each dock was used to generate annual channel depths. Shoals 
for Reach 1 and Reach 2 at five-year increments are displayed in Table 5. 

Table 5: Reach 1 and Reach 2 – Shoals and Channel Depths (Feet Below Low Water Datum) 1/ 

Reach Base shoaling rate  
Depth (Feet Below Low Water Datum) 

2019  2026 2031 2036 2041 2046 
Reach 1  0.5 ft/yr -27.0 -25.2 -23.5 -22.1 -21.1 -20.3 
Reach 2 0.7 ft/yr -27.0 -24.5 -22.1 -20.2 -18.7 -17.6 

1/ The analysis assumes that the channel has been dredged to authorized depths as of 2019 and will be maintained at these depths 
through 2022. It is assumed maintenance dredging would be discontinued as of 2023. The “base” shoaling rates represent the 
initial shoaling rates. A 95% decay rate is applied to each consecutive year. Refer to the CAWS DMMP main report for details 
regarding the processes used to generate shoaling rates along Calumet Harbor and River, and the future maintenance dredging in 
the FWP condition. 

Table 6: Calumet Harbor and River – Traffic Allocation to Reach 1 & Reach 2 
Reach 11/ Reach 2 

Calumet Harbor and River – Shipments with origins 
between Calumet Harbor and Shoal 07. 

Calumet Harbor and River – Shipments with origins 
between Lake Calumet and Shoal 07. 

Calumet Harbor and River – Receipts with destinations 
between Calumet Harbor and Shoal 07. 

Calumet Harbor and River –Receipts with destinations 
between Lake Calumet and Shoal 07. 

1/ Shoal 07 indicates the location of the second critical shoal (the first being Shoal 04). 

The FWOP condition incorporates the transportation costs associated with moving commodities in the 
harbor and river at reduced -drafts resulting from projected shoaling in the channel. The available draft 
resulting from the shoals defined in Table 6 was used to assign an available draft for commodity 
movements at each dock. Using transportation cost increases resulting from this decreased available draft 
as calculated by the GL-SAND model, costs for each movement at the applicable reduced draft caused by 
projected shoaling rates were calculated and totaled for each dock. 

Table 7 presents a summary of the average annual transportation costs for the FWOP condition. The 
FWOP condition time stream (for the sum of all commodities for Reach 1 and Reach 2) was converted to 
an average annual value using a 20 year project life and the FY19 FDR of 2.875 percent and FY19 prices. 
In the FWOP condition, the Federal channel dimensions would not be maintained and shippers would not 
incur additional costs due to light-loading.  
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2.2.4 Average Annual Benefits  

An estimate of average annual benefits is determined by the difference between the average annual 
transportation costs associated with not maintaining the harbor and the average annual transportation 
costs associated with maintaining the current authorized river channel depth of 27 feet. The total average 
annual harbor and river transportation benefits are displayed in Table 7. 

Table 7: Calumet Harbor and River: Average Annual Benefits (AAB) 

Average Annual Deep Draft Tonnage (2019-2045): 5,650,000 
Total Transportation Costs Savings (FWOP – FWP): $157,091,000 

Present Value $106,575,000 
Annuity Factor 0.066 

AAB 

 

$7,081,000 
1 The annuity factor is determined using the FY2019 Federal discount rate of 2.875% and FY2019 price level. It is used to derive 
average annual benefits (AAB). Monetary values expressed at the FY19 price level, assuming a base year of 2026 (FY26), and a 
20-year period of analysis. All values rounded to nearest thousand.  
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3.0 NED Benefits: Cal-Sag Channel 

3.1 Traffic Demand Forecast 

The forecasted commodity movements in this analysis are used in the estimation of vessel transportation 
costs. Commodity groups considered in the forecast include: aggregates, chemicals, coal, grains, iron and 
steel, ores and minerals, petroleum products, crude petroleum, and others. Avoided transportation costs in 
the future with-project (FWP) are used as a proxy for the value of continued channel maintenance through 
dredging.  The Cal-Sag Channel has moved an average of approximately 4.8 million tons of commodities 
annually over the last three years (2015-2017). Refer to Appendix B – Attachment 2: Calumet-
Saganashkee Channel Traffic Demand Forecast for a complete description of the methods, data sources, 
and findings of the Cal-Sag Channel forecast. 

3.1.1 Sources 

The USACE WCSC provides data regarding annual tonnage movements on U.S. waterways and is 
utilized to establish tonnage trends at Cal-Sag Channel. The USACE Lock Performance Monitoring 
System (LPMS) provides data regarding annual tonnage movements through lock and dam projects and is 
utilized to establish a target escalation factor used in calculating base year tonnages. The forecasting 
effort conducted for the Great Lakes and Mississippi River Interbasin Study (GLMRIS) Brandon Road 
Integrated Feasibility Study and Environmental Impact Statement – Will County, IL released November 
2018 (GLMRIS-BR Report), was used to inform the traffic projected traffic demand on the Cal-Sag 
Channel. The use of that information was determined to be appropriate for this effort, as the GLMRIS-BR 
traffic demand forecast accounted for waterway movements transiting Brandon Road Lock and Dam, 
which is located on the Des Plaines River downstream of the confluence of the Cal-Sag Channel and the 
Chicago Sanitary and Ship Canal. The GLMRIS-BR forecast was subject to USACE technical and policy 
reviews, an Independent External Peer Review (IEPR), and public review.  

3.1.2 Base Year & Forecast Period 

The base year used for the GLMRIS-BR traffic demand forecast was a 3-year average of 2012 to 2014. A 
comparison of recent observed traffic has shown that the forecasted traffic for GLMRIS-BR is tracking 
well so far.  For the current Cal-Sag Channel forecast, the base year was revised to 2017 to account for 
additional years of observed traffic. Typically, an average of years is used to avoid forecasting based on 
an unusually low or high traffic year (as was done with GLMRIS-BR). However, since 2015 and 2016 
tonnages were low compared to the years prior, the single most recent year of WCSC data (2017) was 
used as the base year for this traffic demand forecast. 

3.1.3 Historical Tonnage 

Historical tonnage through Cal-Sag Channel is displayed in Table 8 and is graphed with a trend line in 
Figure 5. As shown, tonnage through the channel has been on a slight decline over recent years, but has 
remained fairly close to its 8-year average of 5.35 million tons (2010 through 2017, the years following 
the 2007 to 2009 recession). The iron and steel, petroleum products, ores and minerals, and others 
commodity groups represent approximately 80% of the tonnage shipped through the Cal-Sag Channel. 
Historically, coal has also represented a large percentage of tonnage traffic but this is no longer the case 
by 2014. Figure 5 illustrates historical tonnage from 2000 to 2017 for the Cal-Sag Channel. 

Table 8: Historical Tonnage (in 1000s) for the Calumet-Sag Channel 1/ 

Year 2000 2005 2010 2015 2016 2017 Base Year (2017) 
Tons (1000s) 8,007 8,483 5,074 4,746 4,357 5,202 5,202 

1/ Source: WCSC. Tonnages presented at 5-year increments between 2000 and 2015. All values presented in thousands. 
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Figure 5: Historical Tonnage for the Cal-Sag Channel (Data Source: WCSC) 

3.1.4 Key Market Drivers 

The Calumet-Sag Channel forecast was developed for nine commodity groups, which are consistent with 
those included in the Calumet Harbor and River forecast (see Table 3 for listing). Key market drivers 
were considered for each commodity group that was determined to likely have a significant impact on the 
forecast. This analysis utilizes projections initially developed for the Great Lakes and Mississippi River 
Interbasin Study Report (GLMRIS Report) dated January 2014 and updated for the subsequent Final 
GLMRIS-BR Report. Forecasted traffic projections were developed for each major bulk commodity 
group, and were informed by news reports, industry newsletters, government forecasts, and interviews 
with shippers conducted by the University of Tennessee, Center for Transportation Research (UTK-CTR). 
The historic traffic observed since these forecasts were developed has tracked well with what was 
forecasted. The 2017 traffic, the most recent year of observed traffic, was only slightly higher than what 
was forecasted. 

The key assumptions made in developing the GLMRIS Report (January 2014) and Final GLMRIS-BR 
Report (November 2018) commodity forecasts have been reevaluated and determined to be appropriate 
for application to the Cal-Sag Channel forecasts as well. For a complete description of the forecasts, refer 
to Appendix D of the GLMRIS Report (January 2014) and Appendix D of the Final GLMRIS-BR Report 
(November 2018). A brief summary of the findings for each commodity group forecast are provide 
below. Refer to Appendix B – Attachment 2: Calumet-Saganashkee Channel Traffic Demand Forecast for 
a complete description of the market drivers used to develop the forecast for each commodity group.  

Coal accounted for the lowest percentage of overall traffic on the Cal-Sag Channel (not including crude 
petroleum, which accounts for none) at 2% (about 116,000 tons) in 2017. The industry action that 
influenced the projections for coal was the closure of two coal burning steam plants (Fisk Generating 
Station, and Crawford Generating Station) in 2012. The two plants, combined, received nearly 2.7 million 
tons of coal annually by barge. Coal traffic on the Cal-Sag Channel has dropped since 2013, but has never 
reached 0 tons, so traffic is expected to remain around that level of tonnage with slight fluctuations. 
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Crude petroleum Crude petroleum was not included in future traffic levels in this forecast, as did it not 
account for any Cal-Sag Channel traffic in 2014, 2016 or 2017 (base year). 

Petroleum products accounted for 15% (778,482 tons) of overall traffic on the Cal-Sag Channel in 
2017. As described in the GLMRIS-BR Report, since the refinement of petroleum involves many 
different products and byproducts, the dynamics of the barge movements relevant to petroleum refining 
can often change significantly. However, the annual tonnages of petroleum products transiting the Cal-
Sag Channel have been largely consistent, so future traffic is expected to remain fairly stable, with a 
slight increase in petroleum products shipped on the Cal-Sag Channel over the period of analysis.  

Aggregates accounted for 7% (385,636 tons) of overall traffic on the Cal-Sag Channel in 2017. This 
commodity group has been consistently growing in recent years with each year since 2012 producing 
greater tonnages than the previous year. This trend is expected to continue as concrete and other 
construction materials remain in high demand in and around the Chicago region. 

Grains accounted for 6% (327,763 tons) of overall traffic on the Cal-Sag Channel in 2017. This 
commodity group sees the greatest amount of fluctuation in annual tonnages due to the varying supplies 
of each individual commodity and global market influences. The expected forecast scenario shows an 
overall increase in grains shipped on the Cal-Sag Channel throughout the period of analysis. 

Chemicals accounted for 7% (389,489 tons) of overall traffic on the Cal-Sag Channel in 2017. This 
commodity group has had consistent annual traffic levels on the channel since 2012 and there are no 
known major industry changes that are expected to affect this traffic in the near future. Chemicals traffic 
is mostly held constant for the forecast period with few exceptions (e.g., calcium chloride and 
diammonium phosphate) that experience a slight increase in tonnage throughout the period of analysis.   

Ores and minerals accounted for 9% (451,957 tons) of overall traffic on the Cal-Sag Channel in 2017. 
This commodity group has had consistent annual traffic levels on the channel since 2012 and there are no 
known major industry changes that are expected to affect this traffic in the near future. Ores and minerals 
traffic is mostly held constant for the forecast period with few exceptions (e.g., clays and sulphur) which 
all see a slight increase in tonnage throughout the period of analysis.   

Iron and steel accounts for the highest percentage of overall traffic through the Cal-Sag Channel at 44% 
(2,305,603 tons) in 2017. This commodity group has had mostly declining annual traffic since 2012 with 
upward spikes in tonnage in 2014 and 2017. The slow decline in iron commodities coupled with a slow 
rise in other steel products results in very little change in traffic for the forecast period.  

The others commodity group accounted for 9% (about 447,000 tons) of overall traffic on the Cal-Sag 
Channel in 2017. This commodity group has had consistent annual traffic levels on the channel since 
2012 and there are no known major industry changes that are expected to affect this traffic in the near 
future. Traffic for the others commodity group is mostly held constant for the forecast period with few 
exceptions (e.g., specialized machinery and sugars) which all see a slight increase in tonnage throughout 
the period of analysis. 

3.1.5 Expected Forecast 

The total traffic through the Cal-Sag Channel is estimated to be about 5 million tons per year (Table 9) 
over the period of analysis (2026 to 2045). Consistent with the Final GLMRIS-BR Report, the annual 
forecast is held constant from 2040 through the end of the period of analysis (2045). However, as with the 
Calumet Harbor and River traffic demand forecast, there is also uncertainty surrounding the expected 
forecast for the Cal-Sag Channel. Any significant changes in the forecasted markets for each commodity 
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group pose a potential risk that the model has overestimated or underestimated the projected traffic. A 
characterization of this risk is presented in 5.1 - Uncertainty Surrounding Future Traffic Demand at 
Calumet Harbor and River and Cal-Sag Channel.  

Appendix B – Attachment 2: Calumet-Saganashkee Channel Traffic Demand Forecast for further 
regarding the following: methods used develop the expected forecast; and an assessment of the risk that 
projected tonnages were over- or underestimated. 
Table 9: Cal-Sag Channel Traffic Demand Forecast (1000s) 1/ 2/  

Year 2020 2025 2030 2035 2040 2045 
Tons (1000s) 4,946 5,010 5,080 8,389 5,125 5,125 

1/ All values presented in thousands.  
2/ As of 2040, tonnage is held constant for the remainder of the period of analysis, the final year being 2045.  
 
3.2 Estimation of Average Annual Transportation Benefits 
The avoided increases in transportation costs (due to the continuation of channel maintenance), over a 20-
year project evaluation period, are the benefits for this evaluation. The difference in vessel transportation 
costs associated with maintaining current channel dimensions (the FWP condition) and vessel 
transportation costs associated without channel dredging (the FWOP condition), are the benefits 
associated with continued maintenance of the Cal-Sag Channel.  

This economic viability assessment considers tonnages moved on shallow-draft vessels, any movement 
with a draft below fifteen feet. Specifically, traffic moving on the Cal-Sag Channel has an authorized 
draft of 9 feet. These are the movements that would be expected to be adversely impacted by shoaling of 
the Cal-Sag Channel.  

3.2.1 Cal=Sag Shoaling Impact Tool (C-SSIT) 

To calculate increases in vessel transportation costs for each vessel movement given reductions in channel 
depth, the Cal-Sag Shoaling Impact Tool (C-SSIT)was utilized. This Excel spreadsheet tool was 
developed by the PCXIN estimate the change in the number of barges due to shoaling, which would result 
in light-loading and increases in transportation costs. The C-SSIT uses the following steps:  

Step 1. Identify the Unique Movements - Using the Cal-Sag Channel using historical WCSC data and create 
unique ID for each movement using origin code, destination code, and commodity code. 

Step 2 – Determine the Average Draft and Average Tons Per Barge for each Unique Movement – Using the 
WCSC data on tons, draft, and number of barges for each unique movement using the Cal-Sag Channel, the C-
SSIT determines the average tons per barge as well as the average draft per barge. 

Step 3 – Estimate the number of barges for the forecast tonnage for each movement. -  The Cal-Sag PDT 
developed low, expected, and high annual forecasts for each unique movement on the Cal-Sag. By dividing 
these annual forecasted tons by the average tons per barge (Step 2), the C-SSIT calculates the number of 
barges for each movement each year of the period of analysis. 

Step 4. Identify the waterway cost and transportation rate savings per ton – For the Great Lakes Mississippi 
River Interbasin Study (GLMRIS), the University of Tennessee, Center for Transportation Research (UT-
CTR) surveyed shippers utilizing the Chicago Area Waterways (CAWS) including the Cal-Sag Channel. From 
the surveys and computer models, UT-CTR was able to calculate waterway costs, overland costs, and 
transportation rate savings for each unique movement traveling on the Cal-Sag. The PCXIN-RED has 
maintained a database of these costs and savings that are in $ per ton.  
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Step 4 – Estimate the annual cost and transportation rate savings for each movement – The C-SSIT multiplies 
the forecasted annual tons by the costs and transportation rate savings (discussed in Step 4) to arrive at $ per 
year for each movement. 

Step 5 – Cost per barge – Divide the annual costs (Step 4) by the number of barges (Step 3) for each unique 
movement to arrive at a $ per barge.  

Step 6. Determine How Tons Per Barge Changes With Shoaling – The C-SSIT had the average draft and 
average tons per barge for each movement (Step 2). As the depth of the channel decreases the tons per barge 
was proportional decreased to keep a working draft. For example, a movement that carries 1600 tons at 9 ft 
draft carries 1422 tons at 8 ft draft ((8/9)*1600= 1422). Since shoaling changes the available depth annually, 
the tons per barge changes annually. 

Step 7 – Estimate the Number of Barges With Shoaling – C-SSIT divides the low, expected, and high annual 
forecasted tonnage for each movement by the shoaling tons per a barge (Step 6). This gives you the number of 
barges per year for each movement when shoaling is occurring. 

Step 8 - Find the Difference in Number of Barges Between Dredged and Shoaling. – The C-SSIT subtracts the 
shoaling number of barges (Step 7) from the number of barges with dredging (Step 3). 

Step 9 – Estimate the Change in Cost - Multiple the difference in number of barges (found in Step 8) by the 
cost per barge (found in step 5). This gives you an increase in the cost for each year for each movement. These 
were summed for each year 

To sum up, the C-SSIT estimates how shoaling affects the tons per barge and the impact the changing 
tons per barge has on the number of barges required to carry the same amount of annual tonnage for each 
movement. Then multiplying the change in the number of barges by the cost per barge generates the 
annual change in cost due to shoaling. The change in cost due to shoaling represents the transportation 
costs avoided by continued maintenance of the Cal-Sag Channel. The C-SSIT can also be used to estimate 
the transportation rate savings (Step 4) for the Cal-Sag Channel which represents the benefit of the 
waterway. 

3.2.2 Future With-Project Condition Average Annual Transportation Costs 

The Cal-Sag Channel has an authorized channel depth of 10 feet below Chicago City Datum (CCD) and 
an authorized channel width of 225 feet. Maintenance is authorized to a useable depth of 9 feet below the 
normal pool elevation. Since the standard jumbo barge is 35 feet wide, this channel width allows for 2-
barge wide tow configurations (70 feet wide) to pass each other.   

The focus for this analysis was on the changing depth due to shoaling rather than changes in width since 
the depth is the limiting channel dimension for vessel traffic at this location. Specifically, losses in depth 
could require barges to light-load. Refer to the CAWS DMMP main report for details regarding the 
processes used to generate shoaling rates along the Cal-Sag Channel, and the future maintenance dredging 
in the FWP condition. Various shoaling rates along the Cal-Sag Channel were identified; the greatest 
shoaling rate would occur at River Mile (RM) 303.9 (see Figure 6), a point along the Cal-Sag Channel 
near the confluence with the Chicago Sanitary and Ship Canal (CSSC). 
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Figure 6: Cal-Sag Channel and River Shoaling Areas 

The FWP condition assumes that a 10-foot vessel draft availability would continue throughout the project 
evaluation period. Cal-Sag Channel traffic would continue at a specified transportation cost if the channel 
is maintained by dredging procedures. The FWP condition time stream (for the sum of all Calumet—Sag 
movements) was converted to an average annual value using a 20 year project life and the FY19 FDR of 
2.875 percent and FY19 prices, and a base year of 2026. In the FWP condition, the federal channel 
dimensions will be maintained and shippers would not incur additional costs due to light-loading.  

3.2.3 Future Without-Project Condition Average Annual Transportation Costs 

If future maintenance dredging needs along the Cal-Sag Channel could not be addressed due to a lack of a 
suitable dredged material disposal facility (DMDF), shoaling would occur within the channel and 
potentially reduce the barge draft availability. River Mile (RM) 303 along the Cal-Sag Channel is 
anticipated to experience shoaling, and pose the most limiting channel dimensions for traffic transiting the 
channel. Approximately 95 percent of traffic along the Cal-Sag Channel is through-traffic, which includes 
movements that have origins and destinations outside of the specific study area (in this case, the Cal-Sag 
Channel). Thus, the majority of shipments must pass RM 303.9, and would have to light-load to 
accommodate this reduced channel dimension. As such, RM 303.9 represents the most restrictive location 
for navigation; the shoaling rate at this location is estimated to be about 0.2 feet per year, and is reduced 
by 7% percent each consecutive year. Refer to the CAWS DMMP Main Report for further information 
about how shoaling rates along the Cal-Sag Channel were estimated. 

Table 10: Shoaling River Mile 303 (Feet Below Chicago City Datum) 1/ 

Base shoaling rate  
Depth (Feet Below Chicago City Datum) 

2019  2026 2031 2036 2041 2046 
0.2 ft/yr -10.0 -9.4 -8.9 -8.6 -8.3 -8.1 

1/ The analysis assumes that the channel has been dredged to authorized depths as of 2019, and would be maintained at these 
depths through 2022. It is assumed any required maintenance dredging as of 2023 would not be conducted due to lack of 
available disposal facility. The “base” shoaling rate represent the initial shoaling rate. A 93% decay rate was applied to each 
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consecutive year. Refer to the CAWS DMMP main report for details regarding the processes used to generate shoaling rates 
along the Cal-Sag Channel. 

The limiting channel depth would result in additional transportation costs due to shippers having to adjust 
to the changing depth by light-loading their vessels and increasing the number of barge trips to transport 
the same amount of tonnage. Transportation costs associated with not maintaining the channel is the 
“transportation cost time stream” that develops due to the discontinuation of dredging, and the annual 
shoaling rate at RM 303. In the FWOP condition, the Federal channel dimensions would not be 
maintained and shippers would not incur additional costs due to light-loading.  

The FWOP accounts for transportation costs associated with moving commodities through the Cal-Sag 
Channel at reduced drafts resulting from projected shoaling in the channel. The available drafts resulting 
from the shoals defined in Table 10 were used to assign an available draft for commodity movements. 
Transportation cost increases attributed to reduced channel depths were calculated using the CCT.   

3.2.4 Average Annual Benefits  

An estimate of average annual benefits is determined by the difference between the average annual 
transportation costs associated with not maintaining the Cal-Sag Channel and the average annual 
transportation costs associated with maintaining the current authorized depth of 9 feet below Chicago City 
Datum. The total average annual transportation benefits are displayed in Table 11. 

Table 11: Cal-Sag Channel: Average Annual Benefits 

Average Annual Tonnage (2019-2045): 5,064,000 
Total Transportation Costs Savings (FWOP – FWP): $84,395,000 

Present Value $57,474,000 
Annuity Factor 0.066 

AAB 

 

$3,819,000 
1 The annuity factor is determined using the FY2019 Federal discount rate of 2.875% and FY2019 price level. It is used to derive 
average annual benefits (AAB). Monetary values expressed at the FY19 price level, assuming a base year of 2026 (FY26), and a 
20-year period of analysis. All values rounded to nearest thousand.  
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4.0 Economic Evaluation of Alternative Plans 
For this DMMP, alternative plans were developed to allow for continued operation and maintenance of 
Calumet Harbor and River and the Cal-Sag Channel for 20 years, the first project year being FY 2026. 
This assessment evaluates the array of alternatives in order to identify the base plan – otherwise known as 
the least-cost, environmentally acceptable plan.  

4.1 Description of Alternative Plans  

Alternative plans were formulated that would allow for continued channel maintenance at Calumet 
Harbor and River and the Cal-Sag Channel. Each plan addresses the need for approximately 1 million 
cubic yards of sediment to be removed from Calumet Harbor and River, and the Cal-Sag Channel during 
the 20-year project evaluation period.  

It is estimated that approximately 975,000 cubic yards of dredged material would be removed from 
Calumet Harbor and River, while the remaining 25,000 would be removed from the Cal-Sag Channel. 
Note that these quantities are reflective of the amount of dredged material needed to be removed to 
provide the targeted navigation depths (e.g., 28 feet in Calumet harbor, 27 feet in Calumet River, and 9 
feet in the Cal-Sag Channel). In order to accommodate the 1 million cubic yards of dredged material, at 
least one dredged material disposal facility (DMDF) is required. Five sites were identified that could be 
used to construct a DMDF: (1) LTV; (2) Wisconsin Steel; (3) KCBX; (4) 116th & Burley; and (5) 
Vertical Expansion.  

4.2 Summary of Costs for Alternative Plans 

The total project cost (present value) and the associated AAC for each plan was developed for all project 
phases, including preconstruction engineering and design (PED), construction, and subsequent operation 
and maintenance (i.e., annual dredging and sediment management). PED is assumed to commence in 
FY21 and the DMDF is assumed to be operational in FY26 (project year 1). Aside from the No Action 
plan, the estimated cost for each alternative plan includes:  

• Real estate acquisition 
• Preconstruction engineering and design (PED) 
• Construction and construction management (CM)  
• Construction of the dredged material management facility (DMDF), to include four phases: 

o Phase 1 is the site improvements including the drying pads 
o Phase 2 is construction of the first lift of levee (then begin filling DMDF) 
o Phase 3 is construction of the second lift of levee (then continue filling DMDF) 
o Cap includes the closure of the DMDF including installation of the cap and final seeding 

• Sediment management 
• Dredging, to include contracting, PED, and supervision and administration (S&A) 
 
The cost and schedule for each of these categories is summarized below. Refer to the Civil Design 
Appendix for details regarding alternative plan costs. 
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4.2.1 Real Estate Acquisition 

The acquisition of real estate would be required for each upland site. Real estate would not be required for 
Vertical Expansion, as the DMDF would be built on the same footprint as the existing Chicago Area 
(CDF). Table 13 presents the PED schedule and costs for each alternative plan. Refer to the Real Estate 
Appendix (Appendix G) for further details regarding real estate costs. 
 

Table 12: Real Estate Acquisition Schedule and Costs for Alternative Plans  

Cost Category 
FY Cost 
Incurred LTV 

Wisconsin 
Steel KCBX 

116th & 
Burley 

Vertical 
Expansion 

Real Estate Acquisition 2022 $4,448,000 $3,800,000 $5,430,000 $4,250,000 - 
1/ All costs include contingency, and are presented at FY19 prices. Refer to the Real Estate Appendix for further 
details regarding real estate costs. 

4.2.2 Preconstruction Engineering and Design (PED) Schedule and Costs 

The four construction phases include: (Phase 1) site improvements including the drying pads; (Phase 2) 
construction of the first lift of levee; (Phase 3) construction of the second levee; and (Phase 4) capping of 
the DMDF and final seeding. Preconstruction engineering and design (PED) activities would prior to each 
construction phase. Table 13 presents the PED schedule and costs for each alternative plan. Refer to the 
Civil Design Appendix for further details regarding PED costs. 
 

Table 13: PED Schedule and Costs for Alternative Plans  

PED Phase 
FY Cost 
Incurred LTV 

Wisconsin 
Steel KCBX 

116th & 
Burley 

Vertical 
Expansion 

Phase 1- Site Prep  2021 $3,133,000 $4,203,000 $2,587,000 $3,339,000 $3,165,000 
Phase 2- First Levee  2024 $600,000 $600,000 $658,000 $549,000 $764,000 

Phase 3 - Second Levee  2037 $875,000 $867,000 $947,000 $806,000 $696,000 
Phase 4 - Cap  2047 $407,000 $366,000 $362,000 $330,000 $319,000 

Total PED - $5,015,000 $6,036,000 $4,554,000 $5,024,000 $4,944,000 
1/ All costs include contingency, and are presented at FY19 prices. Refer to the Civil Design Appendix for further 
details regarding PED costs. 

4.2.3 Construction Schedule and Costs 

The four construction phases include: (Phase 1) site improvements including the drying pads; (Phase 2) 
construction of the first lift of levee; (Phase 3) construction of the second levee; and (Phase 4) capping of 
the DMDF and final seeding. Table 14 presents the construction schedule and costs for each alternative 
plan. Refer to the Civil Design Appendix for further details regarding construction costs. 
 
Table 14: Construction Schedule and Costs for Alternative Plans  

Construction Phase 
FY Cost 
Incurred LTV 

Wisconsin 
Steel KCBX 

116th & 
Burley 

Vertical 
Expansion 

Phase 1- Site Prep  2023 $15,669,000 $21,008,000 $12,942,000 $16,681,000 $15,822,000 
Phase 2- First Levee  2025 $2,993,000 $2,991,000 $3,287,000 $2,750,000 $3,810,000 

Phase 3 - Second Levee  2038 $4,369,000 $4,333,000 $4,737,000 $4,024,000 $3,474,000 
Phase 4 - Cap  2048 $2,050,000 $1,819,000 $1,796,000 $1,655,000 $1,596,000 

Total Construction - $25,081,000  $30,151,000  $22,762,000  $25,110,000  $24,702,000  
1/ All costs include contingency, and are presented at FY19 prices. Refer to the Civil Design Appendix for further 
details regarding construction costs. 
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4.2.4 Construction Management Schedule and Costs 

Construction management occurs during each construction phase. The four construction phases include: 
(Phase 1) site improvements including the drying pads; (Phase 2) construction of the first lift of levee; 
(Phase 3) construction of the second levee; and (Phase 4) capping of the DMDF and final seeding. Table 
15 presents the construction schedule and costs for each alternative plan. Refer to the Civil Design 
Appendix for further details regarding construction management costs. 
 
Table 15: Construction Management (CM) Schedule and Costs for Alternative Plans 1/ 

Construction Phase 
FY Cost 
Incurred LTV 

Wisconsin 
Steel KCBX 

116th & 
Burley 

Vertical 
Expansion 

Phase 1- Site Prep  2023 $1,567,000 $2,102,000 $1,295,000 $1,669,000 $1,582,000 
Phase 2- First Levee  2025 $300,000 $300,000 $329,000 $275,000 $381,000 

Phase 3 - Second Levee  2038 $437,000 $433,000 $474,000 $403,000 $348,000 
Phase 4 - Cap  2048 $204,000 $182,000 $181,000 $166,000 $159,000 

Total  - $2,508,000   $3,017,000  $2,279,000   $2,513,000   $2,470,000  
1/ All costs include contingency, and are presented at FY19 prices. Refer to the Civil Design Appendix for further 
details regarding construction management costs. 

4.2.5 Sediment Management 

Sediment management would commence when the DMDF is online (FY26) and occur annually through 
FY46. Table 15 presents the sediment management schedule and costs for each alternative plan. Refer to 
the Civil Design Appendix for further details regarding sediment management costs. 
 
Table 16: Sediment Management Schedule and Costs for Alternative Plans 1/ 

Cost Category 
FY Cost 
Incurred LTV 

Wisconsin 
Steel KCBX 

116th & 
Burley 

Vertical 
Expansion 

Annual Sediment 
Management 2026-46 $775,000 $775,000 $775,000 $775,000 $775,000 

Total - $16,275,000 $16,275,000 $16,275,000 $16,275,000 $16,275,000 
1/ All costs include contingency, and are presented at FY19 prices. Refer to the Civil Design Appendix for further details 
regarding sediment management costs. 

4.3 Dredging Schedule and Costs 

The current Chicago Area CDF is estimated be at capacity in FY22. For the upland sites, dredging would 
cease until FY26 when the project is online. However, Vertical Expansion would be able accommodate 
an additional 100,000 cubic yards during its construction (50,000 cubic yards from the river in 2023 and 
50,000 cubic yards from the harbor in 2024). A lapse in dredging would occur in FY25.For all project 
alternatives dredging would resume when the DMDF is online (FY26) and occur annually through FY45.  
 
The capacity of each alternative is 1.3 million cubic yards of sediment over this 20-year period. This 
accounts for: 500,000 cubic yards of dredged material from Calumet Harbor; 500,000 cubic yards from 
and River; and 30,000 from the Cal-Sag. As of FY26, all alternatives are assumed to have the same 
dredging schedule. Dredging at Calumet Harbor and River would occur annually through FY45 
(alternating between the harbor and river), with 50,000 cubic yards of removed material at each event 
($1,844,000 per event).  
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Meanwhile, a single dredging event to remove 30,000 cubic yards of sediment from the Cal-Sag is 
assumed to occur in FY36, with a cost of $1,131,000. However, there is uncertainty as to when this 
dredging event would be required. Refer to the CAWS DMMP Main Report for more information about 
future dredging of the Cal-Sag Channel. 
 
Table 17 presents the dredging schedule and cost for each alternative plan. Refer to the CAWS DMMP 
Main Report for further details regarding the dredging schedule and costs. 
 
Table 17: Dredging Schedule and Costs for Alternative Plans 1/ 2/ 3/ 

Cost Category 
FY Cost 
Incurred LTV 

Wisconsin 
Steel KCBX 

116th & 
Burley 

Vertical 
Expansion 

Annual Dredging 
(Calumet Harbor / River) 2023-24 $0 $0 $0 $0 $1,884,000 

Annual Dredging 
(Calumet Harbor / River) 2026-45 $1,884,000  $1,884,000  $1,884,000  $1,884,000  $1,884,000 

Cal-Sag 2036 $1,131,000 $1,131,000 $1,131,000 $1,131,000 $1,131,000 
Total - $38,811,000  $38,811,000  $38,811,000   $38,811,000 $42,579,000  

1/All costs include contingency, and are presented at FY19 prices.  
2/ For the LTV, Wisconsin Steel, KCBX and 116th & Burley alternatives, no dredging occurs from FY23-25. For the Vertical 
Expansion alternative, dredging occurs in FY23-24, but not in FY25. Refer to the CAWS DMMP main report for further details 
about the dredging schedules for each alternative. 
3/ For all alternatives, annual dredging events (alternating between the harbor and river) are assumed to occur from FY26-45; a 
single dredging event for the Cal-Sag is currently assumed to occur in FY36.  
 
4.4 Estimates of AAC for Alternative Plans 

To facilitate the comparison of these alternatives, an estimate of the total project cost (present value) and 
the associated AAC for each plan was developed. The Cost Appendix outlines how cost estimates were 
derived for each plan. The project cost time stream was converted to an average annual value using a 20-
year period of analysis, the FY2019 FDR of 2.875 percent, FY19 prices, and a base year of FY26. An 
annuity factor of was used to derive annual costs (AAC). These economic values are displayed in Table 
18. 

Table 18: Average Annual Costs for Alternative Plans 1/ 

Cost Category LTV 
Wisconsin 

Steel KCBX 
116th & 
Burley 

Vertical 
Expansion 

PED  $5,015,000   $6,036,000   $4,554,000   $5,024,000   $4,944,000  
Construction Management  $2,508,000   $3,017,000   $2,279,000   $2,513,000   $2,470,000  

Construction (Four Phases) $25,081,000  $30,151,000  $22,762,000   $25,110,000   $24,702,000  
Construction Total $32,604,000  $39,204,000  $29,595,000   $32,647,000   $32,116,000  

Real Estate  $4,448,000   $3,800,000   $5,430,000   $4,250,000   $-    
Sediment Management $16,275,000  $16,275,000  $16,275,000   $16,275,000   $16,275,000  

Dredging  $38,811,000  $38,811,000  $38,811,000   $38,811,000   $42,579,000  
Total First Cost $92,138,000  $98,090,000  $90,111,000   $91,983,000   $90,970,000  

            
Present Value $77,119,198  $83,639,589  $74,948,514  $77,414,688   $76,373,552  

Rounded AAC $5,124,000  $5,557,000  $4,980,000   $5,144,000   $5,074,000  
1/ First costs expressed at the FY19 price level; this includes cost contingencies, but excludes escalation. Present values account 
for discounted using the FY19 federal discount rate (FDR) of 2.875%. The annuity factor is determined using the FY19 FDR and 
a 50-year period of analysis; it is used to derive the average annual cost (AAC) estimate. 
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4.5 Estimates of Net Benefits and BCRs for Alternative Plans 

To establish the economic justification of each plan, the average annual benefits (AAB) for Calumet 
Harbor and River and the Cal-Sag Channel are compared to the average annual costs (AAC) for each 
alternative plan. As displayed in Table 19, all alternatives are economically justified (i.e., the benefit-to-
cost ratio is greater than 1.0; benefits exceed costs). 

The base plan represents the least-cost alternative that is technically feasible and environmentally 
acceptable as the Tentatively Selected Plan (TSP) for a DMMP.  In this situation, there are two study 
alternatives that are nearly identical in terms of cost (within 1%): the KCBX Site and Vertical Expansion.  
Since, either of these alternatives could reasonably represent the least-cost option, it is appropriate to 
consider other factors in the risk informed decision-making process. Refer to the Main Report for a 
description of the trade-off analysis used to establish the Vertical Expansion alternative as the selected 
plan. 

Table 19: Summary of Annual Tonnage, AAC, AAB, Net Benefits and BCR for Alternative Plans 1/ 2/ 3/ 

  
LTV Wisconsin Steel KCBX 

116th & 
Burley 

Vertical 
Expansion 

Average Annual Tonnage  
Calumet Harbor & 
River (Deep Draft)  5,650,000   5,650,000   5,650,000   5,650,000   5,650,000  

Cal-Sag Channel  
(Shallow Draft)  5,064,000   5,064,000   5,064,000   5,064,000   5,064,000  

Total 10,715,000   10,715,000  10,715,000   10,715,000   10,715,000  
NED Benefits  

Total Benefits  $241,486,000   $241,486,000   $241,486,000  $241,486,000  $244,029,000  
Present Value $164,049,000   $164,049,000   $164,049,000  $164,049,000  $166,643,000  

AAB  $10,900,000   $10,900,000   $10,900,000   $10,900,000   $11,072,000  
NED Costs  

Total Costs  $92,138,000   $98,090,000   $90,111,000   $91,983,000   90,970,000  
Present Value  $77,119,198   $83,639,589   $74,948,514   $77,414,688   $76,373,552  

AAC  $5,124,000   $5,557,000   $4,980,000   $5,144,000   $5,074,000  
Net Benefits & BCR  

Net Benefits  $86,930,150   $80,409,758   $89,100,834   $86,634,660   $90,269,083  
BCR 2.1 2.0 2.2 2.1 2.2 

1/ The average annual tonnage represents that which is expected for years 2019-2045. Project benefits are the transportation costs 
savings attributed to continued channel maintenance. Estimates were developed using expected shoaling rates and traffic demand 
forecasts for Calumet Harbor & River deep draft movements and Cal-Sag Channel shallow draft movements. The existing 
Chicago Area CDF is expected to reach capacity in 2022. For all FWP condition alternatives (aside from Vertical Expansion) a 3-
year gap (2023-2025) would occur until the project is on-line in FY26. The benefit estimates for Vertical Expansion are higher 
since two additional years or dredging could be accommodated (FY23 and 24), with only single gap in dredging (FY25) prior to 
the project online year in FY26.  
2/ Monetary values in this table expressed at FY19 price level, assuming a base year of 2026 (FY26), a 20-year period of 
analysis. First costs expressed at FY19 price level; this includes cost contingencies, but excludes escalation. Present values 
expressed at FY19 price level and discounted using the FY19 federal discount rate (FDR) of 2.875%.  
3/ The annuity factor is determined by utilizing the FY19 FDR and a 50-year period of analysis; it is used to derive the average 
annual cost (AAC) and average annual benefit (AAB) estimates. 
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5.0 Uncertainties and Associated Risks 

Two key uncertainties surrounding the economic analysis were identified; these include:  
1- Uncertainty surrounding the expected traffic demand forecasts for Calumet Harbor and River and 

the Cal-Sag Channel; and 
2- The shoaling rates at the critical shoals identified for Calumet Harbor and River and the Cal-Sag 

Channel. 
These uncertainties give rise to risk. A characterization of these risks is summarized is the subsequent 
sections. Both make use of the same qualitative risk assessment framework; an overall risk rating is 
determined by way of likelihood and consequences ratings (Table 20). Definitions of the consequence, 
likelihood and confidence ratings are provided in Table 21.  

Table 20: Risk Register Template – Determination of Risk Ratings 1/ 

Risk Rating Consequence Rating 
High Medium Low None 

Likelihood Rating 

High High High Medium None 
Medium High Medium Low None 
Low Medium Low Low None 
None None None None None 

1/ Source: USACE Planning Community Toolbox. Refer to Table 21 for definitions of the consequence and likelihood ratings. 

Table 21: Definition of Consequence, Likelihood, and Confidence Ratings 1/  

Consequence Rating Definitions 
High the consequence of this risk is unacceptable 
Medium the consequence of this risk can be tolerated 
Low the consequence of this risk is of relatively insignificant concern 
None there are not undesirable consequences associated with the proposed action 
Likelihood Rating Definitions 
High the undesirable consequence is more likely than not to occur 
Medium the undesirable consequence is about as likely to occur as not occur 
Low the undesirable consequence is more likely not to occur than to occur 
None the probability of undesirable consequence is zero or so low as to be effectively treated as a zero 

based on evidence 
Confidence Rating Definitions 
High all relevant facts are known 
Medium good evidence is available, data gaps are not significant 
Low there is some good evidence but the data gaps include some significant ones 
None there is little to no concrete evidence available 

1/ Source: USACE Planning Community Toolbox 

5.1 Uncertainty Surrounding Future Traffic Demand at Calumet Harbor and River and 
Cal-Sag Channel 

There is inherent uncertainty surrounding the expected forecast for Calumet Harbor and River (deep draft 
movements) as well as the Cal-Sag Channel (shallow draft movements). An expected (most likely) 
forecast was developed for these channels. However, any significant changes in the forecasted markets for 
each commodity group pose a potential risk that project benefits are over- or underestimated.  

This risk of significantly over-or underestimating the traffic demand forecasts for Calumet Harbor and 
River was characterized independently of the risk for the Cal-Sag Channel traffic demand forecasts. Refer 
to Appendix B – Attachment 1: Calumet Harbor and River Traffic Demand Forecast and Appendix B – 



Appendix B: Economic Analysis 

CAWS DMMP          31 of 35 

Last Updated – April, 2019 

Attachment 2: Calumet-Saganashkee Channel Traffic Demand Forecast for a complete description of this 
risk characterization. A summary of the findings is presented below. 

5.1.1 Consequence Ratings 

For Calumet Harbor and River and the Cal-Sag Channel, commodity traffic forecasts and associated 
transportation rates are a key input for determining project benefits. A significant underestimation of 
traffic transiting these channels would result in an underestimation of project benefits. Conversely, an 
overestimation of traffic transiting these channels would result in an overestimation of project benefits. 
Due to the multitude of factors that can impact future traffic demand, the overall consequence rating of 
the expected forecasts is medium, and given available evidence and data, the confidence rating is also 
medium. 

5.1.2 Likelihood Ratings 

For Calumet Harbor and River, there is low likelihood that the benefits are significantly underestimated. 
Historical trends have indicated a continuing decline in key markets such as coal and iron/steel. 
Additionally, research did not indicate lasting probable growth in these key markets or expected 
emergence of new or existing markets. However, because historical trends indicate a continued decline 
coal and iron/steel markets, there is a high likelihood that benefits are overestimated. There is uncertainty 
as to whether coal traffic demand will remain constant for the period of analysis, as was assumed for the 
expected forecast. It is reasonable to speculate that coal traffic may continue to decline. Since there is a 
low likelihood of underestimating project benefits and a high likelihood of overestimating project 
benefits, the overall likelihood rating of the expected forecast is medium, and given available evidence 
and data, the associated confidence rating is also medium. 

For the Cal-Sag Channel, there is low likelihood that the benefits are significantly underestimated and 
high likelihood that they are overestimated, for the same reasons as those described for Calumet Harbor 
and River. However, there is a high likelihood that benefits are overestimated. In addition, there is 
uncertainty as to whether iron and steel traffic remain stable, as the domestic market is currently aided by 
import tariffs. Meanwhile, uncertainty surrounding petroleum products traffic is attributed to the unknown 
potential capacity of pipelines that could alleviate the need to ship these commodities by barge. Since 
there is a low likelihood of underestimating project benefits and a high likelihood of overestimating 
project benefits, the overall likelihood rating of the expected forecast is medium, and given available 
evidence and data, the associated confidence rating is also medium. 

5.1.3 Risk Rating & Risk Management 

For Calumet Harbor and River, the medium consequence rating and medium likelihood rating results 
in an overall risk rating of medium for the expected forecast. To address the uncertainties surrounding the 
forecast, a high and low traffic forecast scenario were developed using a 90% prediction interval 
around the expected forecast results for each commodity group. A prediction interval was not used on 
the commodities that were held constant or assigned a Criton Corporation growth rate (Criton, 2017), 
with the exception of coal. Therefore, coal, petroleum products, iron/steel, and ores/minerals were the 
only commodities changed in the high and low forecasts. The prediction intervals provide 90% assurance 
that the calculated interval will contain the true mean for forecasted commodity tons. Overall, total tons 
to/from Calumet Harbor and River are expected to stay slightly above the 8 million mark for the period of 
analysis. In the high forecast, tonnage reaches approximately 12.4 million, and in the low forecast 
tonnage drops to around 5 million. An assessment of the average annual transportation benefits associated 
with this high and low forecast scenario is presented in Table 22. 
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To address the uncertainties surrounding the expected forecast developed for the Cal-Sag Channel, two 
additional scenarios were developed: a high forecast and a low forecast. The high forecast scenario is 
based on the GLRMIS-BR “No Growth” scenario, which assumes a constant level of traffic from the base 
year through the period of analysis. Therefore, the Cal-Sag Channel high forecast scenario was developed 
using constant tonnages from the historical 2017 traffic throughout the 20-year period of analysis (2026 to 
2045). The low forecast scenario is based on the GLMRIS-BR “Base” forecast. The Cal-Sag Channel 
low forecast scenario was developed by adjusting the base year to include the lower traffic tonnages from 
2015 and 2016, creating a 3 year average with 2017 to form the new base year. The 2015 and 2016 traffic 
tonnages were initially excluded from the base year calculation as there is an unexpected drop in tonnage 
following 2014 that is less pronounced in the 2017 data.   

Overall, total traffic through the Cal-Sag Channel is estimated to be 5 million tons per year (i.e., expected 
forecast) for the period of analysis (2026 to 2045). For this same period, the high forecast scenario 
remains at the 2017 traffic level of 5.2 million per year (5% higher than the expected forecast), and the 
low forecast scenarios is estimated to be 4.1 million tons per year (17% lower than the expected forecast). 
An assessment of the average annual transportation benefits associated with this high and low forecast 
scenario is presented in Table 22. 
 
Table 22: Summary of AAB for Expected, Low, and High Traffic Demand Forecasts 1/ 

 Expected  
Forecast 

Low 
Forecast 

High  
Forecast 

Average Annual Tonnage (2019-2045) 
Calumet Harbor and River (Deep Draft) 5,650,000 2,922,000 9,131,362 

Cal-Sag Channel (Shallow Draft) 5,064,000 4,503,000 5,202,000 
Total 10,714,000 7,425,000 14,333,362 

Average Annual Benefits 
Calumet Harbor and River $7,081,000  $4,230,000  $9,365,000  

Cal-Sag Channel $3,819,000  $2,287,000  $8,912,000  
Total  $10,900,000  $6,517,000  $18,277,000  

1/ Refer to Appendix B - Attachment 1: Calumet Harbor and River Traffic Demand Forecast and Appendix B - Attachment 2: 
Calumet-Saganashkee Channel Traffic Demand Forecast for a complete description of the forecast scenarios. Refer to sections 
2.2 and 3.2 for a description of the methods used to estimate the average annual transportation benefits. 

5.2 Uncertainty Surrounding Critical Shoaling Rates 

Shoaling rates were estimated for each critical shoal along Calumet Harbor and River (Critical Shoal 04 
and 07, as displayed in Figure 4) and the Calumet Sag (River Mile 303.9, as displayed in Figure 6). There 
is uncertainty as to what the actual shoaling rates are at each critical shoal. Though these shoaling rates 
were estimated using best available information, there is a risk these rates were over- or underestimated.  

5.2.1 Consequence Rating 

Shoaling rates and associated changes in available channel depths directly affect the transportation costs 
incurred by deep-draft vessels transiting Calumet Harbor and River and shallow-draft barges transiting 
the Cal-Sag Channel. A significant underestimation of shoaling rates would yield an underestimation of 
project benefits. Conversely, an overestimation of shoaling rates would yield an overestimation of project 
benefits. As such, the consequence rating is medium, as is the associated confidence rating.  

5.2.2 Likelihood Rating 

For Calumet Harbor and River, there is low likelihood that the benefits are significantly underestimated or 
overestimated, as historical dredging records were used to inform their estimation. As such, the associated 
confidence rating is high. However, there is greater uncertainty surrounding shoaling rates for the Cal-Sag 
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Channel, as the channel has not required dredging in recent years. As such, there is greater uncertainty 
surrounding future shoaling rates at this location. The likelihood rating is medium, and the associated 
confidence rating is low. For the purposes of this risk assessment, the overall likelihood rating is medium, 
as is the confidence rating. 

5.2.3 Risk Characterization and Management 

To address the medium risk related to the shoaling rates identified at the critical shoals in (1) Calumet 
Harbor and River, and (2) the Cal-Sag Channel, a sensitivity analysis was completed. This assessment 
will demonstrate how the average annual transportation benefits associated with: (1) Calumet Harbor and 
River, and (2) Cal-Sag Channel, would change if shoaling rates were actually different (either greater or 
less) than projected shoaling rates identified in the economic viability analyses.  In these scenarios, 
variations in the shoaling rate will be presented in order to determine the sensitivity of benefits to this 
parameter.  

This analysis demonstrates the extent to which the FWOP condition transportation costs increases as the 
shoaling rate increases (resulting in greater benefits), and how transportation costs in the FWOP condition 
decrease as the shoaling rate is reduced (resulting in fewer benefits). Table 23 and Table 24 display the 
changes in transportation benefits associated with the shoaling rate variations for Calumet Harbor and 
River, and the Cal-Sag Channel.  

Table 23: Sensitivity of Calumet Harbor and River AAB to Changes in the Shoaling Rate 

Forecast Low Shoaling Rate  
(0.3 ft/yr) 

Expected Shoaling Rate  
(0.5 ft/yr) 

High Shoaling Rate  
(0.7 ft/yr)  

Low  $2,113,000 $4,230,000 $7,351,000 
Expected  $3,047,000 $7,081,000 $13,069,000 

High  $3,802,000 $9,365,000 $17,742,000 
1/ The analysis assumes that the channel has been dredged to authorized depths as of 2019 and will be maintained at these depths 
through 2022, and dredging would be discontinued as of 2023. The shoaling rates represent the initial (or ‘base’) shoaling rates. 
A 95% decay rate is applied to each consecutive year. Refer to the CAWS DMMP main report for details regarding the processes 
used to generate shoaling rates along Calumet Harbor and River, and the future maintenance dredging in the FWP condition. All 
values rounded to nearest thousand. 

Table 24: Sensitivity of Cal-Sag Channel AAB to Changes in the Shoaling Rate 

 Low Base Shoaling Rate  
(0.1 ft/yr) 

Expected Base Shoaling Rate  
(0.2 ft/yr) 

High Base Shoaling Rate 
(0.3 ft/yr)  

Low Forecast $3,819,000 $613,000 $10,747,000 
Expected Forecast $8,912,000 $1,924,000 $18,943,000 

High Forecast $2,287,000 $137,000 $7,564,000 
1/ The analysis assumes that the channel has been dredged to authorized depths as of 2019 and will be maintained at these depths 
through 2022, and maintenance dredging would be discontinued as of 2023. The shoaling rates represent the initial (or ‘base’) 
shoaling rates. A 93% decay rate is applied to each consecutive year. Refer to the CAWS DMMP main report for details 
regarding the processes used to generate shoaling rates along the Cal-Sag Channel, and the future maintenance dredging in the 
FWP condition. All values rounded to nearest thousand. 
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6.0 Acronyms 

AAB average annual benefits 
AAC average annual cost 
BCR benefit-cost ratio 

Cal-Sag Calumet Saganashkee 
CAWS Chicago Area Waterway System 

CCD Chicago City Datum 
CCT Commercial Cargo Tool 
CM construction management 

CSSC Chicago Sanitary and Ship Canal 
DD Deep Draft 

DMDF dredged material disposal facility 
DMMP Dredged Material Management Plan 

FDR federal discount rate 
FWOP future without-project 

FWP future with-project 
FY fiscal year 

GLMRIS  Great Lakes and Mississippi River Interbasin Study Report 
GLMRIS-BR  Great Lakes and Mississippi River Interbasin Study Brandon Road Integrated Feasibility Study and 

Environmental Impact Statement – Will County, IL 
GL-SAND Great Lakes Systems Analysis of Navigation Depths 

IEPR Independent External Peer Review 
LPMS Lock Performance Monitoring System 

LRB U.S. Army Corps of Engineers Buffalo District 
LWD Low Water Datum 
NED national economic development 
P&G Economic and Environmental Principles & Guidelines for Water and Related Land Resources 

Implementation Studies 
PCXIN Planning Center of Expertise for Inland Navigation 

PED preconstruction engineering and design 
PY project year 

RM River Mile 
S&A supervision and administration 

SD Shallow Draft 
TSP Tentatively Selected Plan 

USACE U.S. Army Corps of Engineers 
UTK-CTR University of Tennessee, Center for Transportation Research 

WCSC Waterborne Commerce Statistics Center 
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