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EXECUTIVE SUMMARY 
 

 
The North Carolina Maritime Strategy is being developed to connect maritime goods and 
economic development in North Carolina. This is accomplished through the following primary 
tasks: 
 

• Facilitated collaboration of freight transportation, economic development and community 
interests as input to the statewide strategy,  

• Definition of North Carolina’s economic context and maritime market positioning 
strategies that would offer the greatest economic benefit to the State, and 

• Identification of infrastructure investments and policies that would most significantly 
enhance North Carolina’s economy through improved performance of the State’s 
maritime gateways and related trade corridors.  

 
The North Carolina Maritime Strategy (Strategy) will define maritime market scenarios in which 
the State could realize economic and public benefit. Opportunities to be explored will include 
those associated with import and export of containerized cargo, as well as the potential for 
expanded bulk, breakbulk, petrochemical and military cargos. Special emphasis will be made to 
link potential market positions with industry in the State. The range of market position 
alternatives to be investigated may include regional transshipment of goods, container-on-barge 
service and major international container terminal operations. 
 
For each viable market scenario, the Strategy will define its infrastructure needs. Transportation 
investments to be examined may include reconfiguration or modernization of existing port 
facilities, new terminal developments, wharf and channel improvements, road and rail 
connections, and inland intermodal facilities. A comparative analysis of development 
alternatives will be conducted to measure the relative benefits, effectiveness and costs 
associated with various alternatives for market positions and associated infrastructure. 
 
As input to the infrastructure needs and economic analysis, this Delivered Cost Model technical 
report provides a detailed description of the inputs, operations, and outputs of the developed 
model. The DELIV$ model was created so different domestic ports could be compared as to 
how they best serve North Carolina’s future economic development. Inputs were for the full 
length of a cargo trip – for example, an exported commodity requires domestic transport (barge, 
rail, truck), domestic port operations, and ocean transport to an international port. Distances, 
times, and costs were totaled for each cargo trip of interest (as determined by market analysis). 
The model enables comparison of trade lanes, domestic ports and port handling options, 
domestic transport alternatives (modal combinations), domestic routes, method of transport 
(container, non-container), and years of analysis. The primary outputs from DELIV$ are the 
monetary travel costs and travel times associated with internationally shipping a commodity. 
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1 DEFINITION 

 
 
A delivered cost, as defined herein, is the cost of moving one unit of cargo from an origin to a 
destination in terms of both time and money. More explicitly, the intent is to capture all types of 
costs and all elements of transit time that a single shipment incurs from origin to destination to 
compare the cost/time differences of using select Southeastern ports and using different modal 
combinations. The ports not only have distinct distances but are also operated with varying sets 
of equipment that impact the time and cost of processing cargo. Therefore, delivered costs were 
divided into two main categories: (1) movement between nodes, and (2) action at nodes. Such a 
division enables full costs to be based on adding all the individual costs necessary for each trip.   
 
Table 1 is an example of category 1 for truck travel times with ports listed in columns and 
domestic cities listed in rows; another such table could be barge costs. Table 2 is an example of 
category 2 for a ship to rail transfer in time, again with ports listed in columns but this time 
transfer types listed in rows; another example could be rail to truck costs that may include 
obtaining a chassis from a yard, then transferring a container. 
 
Table 1: OD Matrix – Destination Port to Destination Hub 
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Table 2: Action – Ship to Rail Transfer 
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1.1 Illustrative Example 
 
Consider the following simple trip, listed below and shown in Figure 1: 
 

1. Shanghai  Norfolk via Panama Canal on a 6,000 TEU1 ship [origin port, destination 
port, route, mode, mode subtype] 

2. Unload container with a gantry crane by ILA2 longshoreman [cargo type, equipment, 
labor] 

3. Container on truck drives to Greensboro, NC via I-85 [mode, route, final destination] 
 
Figure 1: Simple Trip Example 

1. Shanghai  
Norfolk via 
Panama Canal 

 2. Unload OGV, load 
truck  3. Norfolk  

Greensboro 
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3 days 
$250/container + 

40 minutes 
$100/container + 4 hours 

$120/container =3.27 days 
$370/container

Note: All numbers shown in this figure are fictitious and for illustrative purposes only. 
 

If there were no wait times, paperwork, or inspections, and the process were fully automated, 
then a container’s trip from Shanghai to Raleigh might look like the above: two movements 
between nodes (ship, truck) and one node transfer (crane). It could also describe a complex trip 
including all the extra times and costs either at this simplified level (by internalizing all the 
minutiae into the three steps) or at a more detailed level (by externally listing out each sub-
step). The latter disaggregated trip, for example, may more elaborately look like the following: 
 

• Shanghai  Norfolk via Panama Canal on a 6,000 TEU ship [origin port, destination 
port, route, mode, mode subtype] 

o Wait 6 hours for port to open and for an available berth 
o Dock the ship 

• Unload container with a gantry crane by ILA longshoreman [cargo type, equipment, 
labor] 

o Stevedore chassis from chassis yard to berth 
o Transfer container from ship to chassis 

                                                
 
1 TEU = twenty-foot equivalent unit, the standard unit for defining containerized cargo 
2 ILA = International Longshoremen’s Association, union for port workers 
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o Stevedore container to stacks 
o Wait for reach stacker 
o Reach stacker unloads container from chassis, lifts onto stack 
o Container is processed (manifest, customs, etc.) 

• Container on truck drives to Greensboro, NC via I-85 [mode, route, final destination] 
o Bobtail drives into yard, inspects, selects a chassis 
o Bobtail goes to stacks 
o Wait for reach stacker 
o Reach stacker transfers container to chassis 
o Truck queues at exit gate 
o Truck is processed at exit gate 
o Truck drives to Greensboro, NC 

 
Note that the above complex trip is the same as the simple trip but with several sub-steps that 
would require their own movement and action matrices. Explicitly, step 1 becomes 3 sub-steps 
(1 move, 2 actions); step 2 becomes 6 sub-steps (2 actions, 1 move, 3 actions); and step 3 
becomes 7 sub-steps (4 actions, 1 move, 1 action, 1 move).  
 
1.2 Implementation 
 
The delivered cost model relies upon input from three areas of expertise as diagrammed in 
Figure 2 that iteratively develop the model inputs based on the needs of the individual project: 
(1) Port and Marine, (2) Economics, and (3) Infrastructure. These inputs are collaborative and, 
in some cases, iterative to realize optimal results from the delivered cost model. 
 
Port and Marine input focuses on the design and operations of port facilities – containerized 
and non-containerized. For the delivered cost model, Port and Marine expertise is required to 
enumerate the port alternatives under study, define the operations of each, and issue port 
handling times and costs. Additionally, ocean going vessel distances and speeds are provided 
as model input, based on defined trade lanes and cargo types. 
 
Infrastructure input includes definition of existing and planned facilities and modal networks 
from the perspective of location, design, operations, and maintenance. For the delivered cost 
model, Infrastructure input is required to determine the domestic modes of transport, the routes 
traveled between domestic ports and inland locations, and the travel times and costs associated 
with said routes. In general, a shortest path algorithm is employed for route selection by mode 
that is tempered by link capacities as well as size and weight restrictions. 
 
Economics input focuses on the tie between regional and global markets to determine existing 
commodity flows plus hypothesize future commodity flows. For the delivered cost model, this 
expertise is required to determine the commodities of interest, how much and which 
commodities flow between which global and domestic regions, the method of transport currently 
used (containerized, non-containerized), and based on current knowledge and trends, forecast 
flows in future years. This latter action of forecasting depends heavily on Infrastructure network 
input and Port and Marine operational input.  
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Figure 2: Delivered Cost Model Development 

 
 
 
 
1.3 Time Periods of Analysis & Conditions 
 
To develop strategies for the state of North Carolina, a 30-year time horizon was examined.  
 
Two time periods are analyzed: 
 

• Base year (2010) – the base year for analysis includes port and market data for 2010 and 
utilizes the highway network and congestion levels of 2007 since this is the base year of the 
FAF3 dataset. 

• Future year (2040) – the future year of 2040 is held the same for port, market, and transport 
datasets. 
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And the following three conditions are analyzed: 
 

• Existing operations – the current facilities (ports, rail, highway), equipment, and operational 
characteristics as pertaining to freight transport in the Southeastern US. 

• Planned operations (2040 STIP) – those facility, equipment, and operational changes 
planned by others (state DOTs, port authorities, private developers (if known)) and to be 
active prior to the future year of 2040.  This includes changes at NC ports as well as the 
peer ports, the Panama Canal expansion completion, highway and rail projects that are 
funded in the current STIP, and planned railway projects by the Class I railroads. 

• Planned and proposed operations (2040 STIP PLUS) – the planned operations as described 
above; plus, those changes that are proposed but unfunded in the STIP (for highway and 
rail projects), and additional changes proposed for highway, rail, water, and on-port facilities, 
equipment, and operations that are expected to improve NC port viability. 

 
As indicated by “X” in Table 3, a total of four analyses are conducted – one in 2010 for the base 
case and three in the future. However, it should be noted that the fourth analysis, “Planned & 
Proposed in Future”, may examine multiple port alternatives (such as reach stacker vs. rubber-
tired gantry operations and containerized vs. non-containerized operations) at current and 
proposed port locations; it is referred to as the “2040 STIP PLUS” condition. 
 
Table 3: Matrix of Analyses 

Operations/Year Base Year 
(2010) 

Future
(2040) 

Existing  X (baseline) X 
Planned   X 
Planned & Proposed   X 
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2 DELIV$ MODEL DESCRIPTION 
 

 

The AECOM Study Team conducted the NC Maritime Strategy travel time and delivered cost 
analysis using the Delivered Cost Model (DELIV$) spreadsheet analysis tool.3 DELIV$ is a static 
model to calculate travel times and travel costs of transporting commodities between multiple 
locations for both international and domestic markets, with detailed analyses possible on the 
domestic side. The model enables comparison of trade lanes, domestic ports and port handling 
options, domestic transport alternatives (modal combinations), domestic routes, method of 
transport (container, non-container), and years of analysis.  
 
In support of the NC Maritime Strategy, DELIV$ was used to analyze a range of options, such 
as comparison of market scenario benefits (wood pellets vs. grains, for instance), impacts of 
port operational strategies (such as reach stackers vs. rubber-tired gantries), and route 
comparisons under different conditions (including truck routings in 2010 and 2040 with changes 
in vehicular flows and network upgrades expected with external plans and potentially necessary 
to become/remain competitive).  The primary outputs from DELIV$ are the monetary travel 
costs and travel times of shipping a commodity. Both unit costs/time and total costs/time are 
calculated.  
 
The model incorporates a full range of time and cost elements such as empty container 
backhauls, the number of possible truck turns, transport network congestion, and variations in 
port operations. An important benefit of DELIV$ is its ability to evaluate both containerized and 
non-containerized goods transport. Table 4 summarizes the key inputs to DELIV$ for each 
element. Parameters were organized into four categories: cargo, nodes, transport, and 
operations. The inputs and how they are used are discussed in Chapter 3. 
 
Table 4: Partial List of Input Parameters in the DELIV$ Model 

Cargo Nodes Transport Operations 

Commodity 

Weight/volume conversions 

Cargo type (container, 
refrigerated container, bulk, 
breakbulk) 

Commodity flow 

Associated market scenario 

Associated international 
markets 

Trade direction 

 

International market 
locations 

Port locations 

Domestic market 
locations 

Transshipment 
points 

OGV trade lanes and distances 

Truck trailer capacity (weight, volume) 

Truck turn limits 

Backhaul/deadheading percentages 

Driver working hours (HOS) 

Highway network links and congestion 
levels 

Rail operators (Class I, Shortline) 

Rail network links 

Rail car parameters (type, 
dimensions, weight limits) 

Drayage to/from rail network 

Similar parameters for alternative 
modes of interest (e.g. barges) 

Ship-to-gate processing 
times by port 

Port handling costs 

Dwell times 

Demurrage costs 

OGV speeds 

OGV haul cost structure 

Truck operating speeds 

Truck haul cost 
structure (long haul, 
drayage) 

Train operating speeds 

Rail haul cost structure 

 

                                                
 
3 DELIV$ has been developed by AECOM’s Transportation Group in the Raleigh, NC office with guidance 
and input from experts throughout the company. It has been created to complement AECOM’s suite of 
marine transport analysis tools including PRECAP and BERTHA. 
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3 MODEL BUILDING BLOCKS 
 

 
3.1 Overview 
 
The DELIV$ model is comprised of three building blocks, each with sub-blocks of data and 
calculations. These blocks are: cargo information, nodal information, and movement 
information. In the spreadsheet workbook, the model computation master sheet is set up in 
three parts that draw on the building blocks for input data and initial calculations. The parts are: 
inputs, disaggregate calculations with intermediate results, and aggregate results. Each column 
of the master sheet represents a single commodity being shipped. Each of the following three 
tables includes one part of the master sheet with the variables, definitions, calculations, and 
sample data to aid in understanding. 
 
Twenty input variables are entered for each commodity under examination; the same 
commodity may be listed multiple times to account for different combinations of variables. For 
example, lumber was found to be shipped both as breakbulk and containerized (often based 
upon the origination of the wood) so each is identified separately. Similarly, multiple 
origin/destination combinations may be evaluated for a single commodity. 
 
Table 5: Summary of Part 1 – DELIV$ Inputs 

DEFINITION VARIABLE INPUTS* 

Name of commodity Commodity broilers containers 
phosphate/ 
chemicals 

Is this an import, export, or both? Import0_Export1_Both2 1 1 1 
Is this agricultural (0) or not (1)? Ag_Nonag 0 1 1 
What market scenario+ is this under? Market_Scenario 3 7 8 
Containerized (1), refrigerated (2), or not 
(0)? Cont12_Nonc0_Both3 2 1 0 
# of ODs in NC cargo goes to/from NC_ODcount 3 6 7 
calculated sTons*CargoTONperFEU Volume_CubeOut 1368.6 9.4 19.1 
calculated as Volume_CubeOut * 
FEUs_Reqd 
(used for all cost calcs) Volume_GrossOut 1368.6 20.6 91.7 

Volume_Units FEU FEU FEU 

Total Volume/# of NC ODs  
Weight (sTons cargo 
moved) 14983 562 1834 
Weight_Units sTon sTon sTon 
GrossingOut_or_CubingO
ut CubeOut GrossOut GrossOut 

check to see if Class 1 railroad mode 
possible btwn ODs RR_possible No_RR RR_ok RR_ok 
Analysis year Year 2010 2010 2010 
International trade lane TradeLane AsiaP AfricaD SAmerD 
Domestic port used Port POW POW POW 
first mode of landside transport: trk0, rail1, 
barge2 m_LAND1 0 0 0 
second mode of landside transport m_LAND2 2 2 2 
third mode of landside transport m_LAND3 2 2 2 

destination of landside transport 1 d_LAND1 
Biscoe_St

ar Raleigh Greensboro 
* = sample data  +: Market Scenario codes defined in Table 8.    
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For each port alternative evaluated, disaggregate results are provided for transparency. These 
intermediate results list all of the individual costs and times that could possibly go into a trip – as 
shown in Table 6 for one of the POW alternatives. From this disaggregated data, subsets of the 
time-based or cost-based results then are summed for specific mode combinations and then 
written to the aggregate results section. For instance, the time of a trip by ship and truck would 
include: 
 

Trip time = t_OGV + t_PORT + t_LAND1 + t_TRKunload 
 
And the cost of a containerized trip by ship and rail would include: 
 

Trip cost = c_OGV_FEU + c_PORTops_FEU + c_PORTdemur + c_TRANS2 + 
c_LAND2 + c_LAND3. 

 
Table 6: Summary of Part 2 – Disaggregate Computations & Intermediate Results 

Port of Wilmington, Option A broilers containers 
phosphate/ 
chemicals

Definition VARIABLE OUTPUTS* 
OGV travel time in hours t_OGV_POWa 2.22 4.95 3.17
Berth-to-gate port processing time in hours t_PORT_POWa 168.00 168.00 720.00
Truck travel time in hours (truck only) t_LAND1_POWa 3.35 2.77 4.33
Truck unload time in hours (truck only) t_TRKunload_POWa 0.50 0.50 0.50
Rail travel time in hours (rail only) t_LAND2_POWa No_RR 9.41 10.11
Rail transshipment time in hours  
(rail switching, unloading to dray) t_TRANS2_POWa No_RR 1.00 1.00
Truck travel time in hours (dray from rail 
destination) t_LAND3_POWa No_RR 1.00 1.00
Check to see if Class 1 railroad mode 
possible between OD pairs RR_possible_POWa No_RR RR_ok RR_ok
OGV cost in USD/ston (non-containers), else 
zero c_OGV_ston_POWa $ -  $ -  $ 24.24 
Berth-to-gate port processing cost in USD/ston 
(non-containers), else zero c_PORTops_sTon_POWa $ -  $ -  $ 6.30 
OGV cost in USD/FEU (containers), else zero c_OGV_FEU_POWa $ 156.63  $ 534.16  $ - 
Berth-to-gate port processing cost in USD/FEU 
(containers), else zero c_PORTops_FEU_POWa $ 156.00  $ 156.00  $ - 
Port demurrage cost in USD/FEU c_PORTdemur_POWa $ 1.68  $ 1.68  $ 7.20 
land1 transport cost in USD/FEU (truck only) c_LAND1_POWa $ 690.94  $ 570.63  $ 975.00 
truck unloading cost in USD/FEU (truck only) c_TRKunload_POWa $ 100.00  $ 100.00  $ 100.00 
land1 transport cost in USD/sTon (truck only) c_LAND1_sTon_POWa $ 63.11  $ 20.94  $ 48.75 
land2 transport cost in USD/FEU (rail only) c_LAND2_POWa  No_RR  $ 164.68  $ 176.98 
transshipment2 cost in USD/FEU 
(unload ship, rail switching, unloading to dray) c_TRANS2_POWa  No_RR  $ 150.00  $ 150.00 
land3 transport cost in USD/FEU 
(dray from rail destination) c_LAND3_POWa  No_RR  $ 150.00  $ 150.00 

* sample data  
 
 
Using the sample data,  
 
 Trip time(broilers) = 2.22 + 168.00 + 3.35 + 0.50 

= 174.07 hours 
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 Trip cost(containers) = 534.16 + 156.00 + 1.68 + 164.68 + 150.00 + 150.00 
= $ 1,156.52/FEU 

 
The disaggregated results sections can be easily expanded to include further modal 
combinations, such as ship-barge-truck. 
 
 Summarized in the aggregated results section are the travel time and travel cost totals by 
domestic port so quick comparisons of port competitiveness can be made. Costs are shown 
both in terms of dollars per short ton and dollars per FEU to account for bulk/breakbulk and 
containerized cargo. Sample data is shown in Table 7 for three commodities (broilers, 
containers, and chemicals) at two ports (Norfolk, Charleston) via two methods of land transport 
(truck, rail). 
 
Table 7: Summary of Part 3 – Aggregate Results, Totals by Port 

broilers containers 
phosphate/ 
chemicals 

TOTALS BY PORT with TRUCK OPTION VARIABLE OUTPUTS for moving 1 FEU 

travel time in hours t_TOTALwTrk_Norfolk 185.69 195.79 743.01 
travel time in hours t_TOTALwTrk_Charleston 172.80 185.25 727.23 

cost in USD/FEU cFEU_TOTALwTrk_Norfolk  $     1,534.23  $     1,859.78   $     2,064.75 

cost in USD/FEU cFEU_TOTALwTrk_Charleston  $     1,303.71  $     2,076.39   $     2,309.00 

TOTALS BY PORT with TRUCK OPTION VARIABLE OUTPUTS for moving 1 Short Ton 

cost in USD/sTon cSTON_TOTALwTrk_Norfolk  $       140.15  $        68.25   $       103.24 
cost in USD/sTon cSTON_TOTALwTrk_Charleston  $       119.09  $        76.20   $       115.45 

TOTALS BY PORT with RAIL OPTION VARIABLE OUTPUTS for moving 1 FEU 

travel time in hours t_TOTALwRR_Norfolk No_RR No_RR 752.63 

travel time in hours t_TOTALwRR_Charleston No_RR No_RR No_RR 

cost in USD/FEU cFEU_TOTALwRR_Norfolk  No_RR  No_RR   $     1,324.33 

cost in USD/FEU cFEU_TOTALwRR_Charleston  No_RR  No_RR   No_RR 

TOTALS BY PORT with RAIL OPTION VARIABLE OUTPUTS for moving 1 Short Ton 

cost in USD/sTon cSTON_TOTALwRR_Norfolk  No_RR  No_RR   $        66.22 

cost in USD/sTon cSTON_TOTALwRR_Charleston  No_RR  No_RR   No_RR 
* OUTPUTS columns show sample data. 
 
Each building block, and how it drives these three parts of the model, is now discussed in turn. 
 
3.2 Cargo Data & Assumptions 
 
In addition to the parts of a trip, the cargo itself must be identified and quantified. To aid in this 
step, market scenarios were defined and the various types of freight imported and exported 
from North Carolina were grouped into these scenarios. Full descriptions of the market 
scenarios can be found in the Market Scenarios technical report. In this section, the market 
scenarios are listed and cargo calculations relevant to the delivered cost model are mentioned. 
Following the market scenario text, the individual components of a trip are explained in turn. 
These broadly include the following: nodes of interest, ocean travel, domestic port operations, 
and domestic travel. With all the elements described, the delivered cost model is then explained 
and example results shown. Full and summary results are offered in the Highway Infrastructure 
Assessment and the Economic Impact and Benefit Cost Assessment of Market Scenario 
Outcomes technical reports as well as the NC Maritime Strategy Final Report. 
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Commodity flows were determined through the process depicted in Figure 3 below, pulling 
together information on commodity weight, volume and trade lane with market projections to 
create master Origin-Destination matrices. 

 
Figure 3: Process to Determine Commodity Flows 

 
 
3.2.1 Market Scenarios & Commodities 
 
Based on PIERS data4 and global economic forecasts from IHS Global Insight, the following 
market scenarios and commodities were selected for study. Eight market scenarios were 
defined for the project, five of which (defined below) were the primary targets of evaluation 
within the delivered cost model. Commodities included in each of these scenarios are listed in 
Table 8. 
 

• Grains – primarily includes North Carolina soybeans. 

• Wood Products – includes two sub-scenarios of commodities: 

o Wood pellets  

o All other wood and paper (lumber, paper, wood pulp, other wood products). 

• Cold Storage Cargo – all commodities that were shipped as refrigerated cargo were 
included in this scenario. This included agricultural commodities such as sweet potatoes and 
meats, and other commodities such as synthetic rubber and specialty textiles. 

• Oversize/Ro/Ro Cargo – all commodities requiring an ocean going vessel to have a roll-on 
roll-off ramp and/or require a trucker to obtain an oversize permit to access the highway 
network.  Investments that are supportive of military needs were considered to be a subset 
of Oversize/Ro/Ro. 

• Containerized Cargo – all goods shipped by container were included in this scenario except 
for refrigerated goods. 

                                                
 
4 PIERS, the Port Import Export Reporting Service, is a division of UBM Global Trade. PIERS provides 
trade information on cargoes moving through ports in the US, Latin America and Asia based upon more 
than 15 million bills of lading and 20 million shipments annually.  

Sec 3.3.3 
Table 13 
Table 14 

 
 

Table 10 
Table 11 
Table 12 

Table 8 Table 9 
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Two additional commodity groups were considered as part of the Maritime Strategy study, but 
were not evaluated using delivered cost model. These additional market scenarios include:  

• Wind Power – an emerging market that would benefit from investments made to the 
Oversize/Ro/Ro market; considered to benefit by the same port investments as that market, 
but not evaluated separately within the delivered cost model.  

•  “Midlevel Growth” – includes existing commodity markets that are important to maintain but 
are not targeted for focused investment. 

 
Table 8: Commodities Listed by Market Scenario 

Grain 
(1) 

Wood Products Cold Storage
(3) 

Oversize/ 
Ro/Ro 

(5) 

Wind Power
(6) 

Containerized 
(7) 

Midlevel 
Growth 

(8) 
Wood 
Pellets 

(2) 

Other Wood & 
Paper Products 

(4) 

Barley 

Corn 

Soybeans 

Wheat 

Pellets Lumber 

Paper 
products 

Pulp 

Wood chips 

Cork 

 

Beef/cattle 

Pork/hogs 

Poultry 

Sweet 
potatoes 

Turkey 

Rubber – 
synthetic 

Textiles – 
synthetic 

Machinery – 
agricultural 

Machinery – 
heavy 

Military 
cargo 

Turbine 
parts 

Misc. retail 
products 

Tobacco – 
flue cured 

Tobacco – 
burley 

Phosphates
/chemicals 

Rubber – 
natural 

(#) = Market Scenario code 
 
A sample of the Economics commodity inputs is shown in Table 9. Shown are the containerized 
exports (here measured in short tons, sTONS) from the Port of Wilmington (POW) forecasted to 
occur in year 2040 to various international locations (see next section for definitions). Similar 
tables were created for non-containers, imports, the Port of Morehead City, and the base year of 
2010 – a total of sixteen tables. 
 



 
 

February 15, 2012 North Carolina Maritime Strategy  28 
 Delivered Cost Model 

Table 9: Commodity Flows by Trade Lane 

 Trade Lane 
yr_2040 

AfricaD AsiaP AsiaS CaribD EurD MedD SAmerD SAmerP 

EXPORT via POW 
Commodities 
CONTAINER 

sTONS 
beef 0 0 0 0 0 0 0 0 
broilers 0 154,066 0 917 0 0 0 0 
containers 10,746 1,218,776 18,877 6,806 123,195 11,922 2,562 0 
cork_wood 0 839,134 0 0 3,323 81 0 0 
cotton 0 0 0 0 0 0 0 0 
grain 0 84 0 0 0 0 0 0 
hogs 0 131,350 0 760 0 0 0 0 
machinery_ag 0 269 0 0 544 0 0 0 
machinery_hvy 1,590 11,283 3,307 0 4,501 192 0 0 
military 0 0 0 0 0 0 0 0 
paper_products 0 873,503 6,013 0 83,119 291 0 0 
phosphate_chemicals 31 61,173 443 1,024 229,777 166 0 0 
pulp 0 722,897 0 0 38,174 1,070 0 0 
rubber_nat 0 237 0 0 0 0 0 0 
rubber_syn 126 115,395 0 1,166 39,593 0 0 0 
soybeans 0 8,197 0 0 0 0 0 0 
sweet_potatoes 0 0 0 0 0 0 0 0 
textiles 0 70,505 0 195,889 4,156 0 0 0 
tobacco_burley 0 13,641 0 0 0 0 0 0 
tobacco_flue-cured 0 0 0 0 0 0 0 0 
turkeys 0 0 0 0 0 0 0 0 
wind_power 0 0 0 0 0 0 0 0 
wood_pellets 0 0 0 0 0 0 0 0 
xmas_trees 0 0 0 0 0 0 0 0 

 
 
3.2.2 Commodity Weight/Volume Conversions  
 
Within each scenario are a host of commodities to be quantified by volume and weight. The goal 
was to create a conversion table of short tons per truck so that transit costs of cargo could be 
calculated for highway moves. This involved determining (1) nominal weights of commodities, 
(2) how many TEUs generally fit in a 53-foot tractor trailer, and (3) the typical ratio of TEUs to 
FEUs being hauled to/from each port. Table 10 itemizes the nominal weights and volumes of all 
commodities of interest and their sources. Following this table is a description of how the size 
conversions were calculated. 
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Table 10: Nominal Weights 

Commodity Weight 
Wgt/Vol

Units 
Alternate 

Dimension 
Alternate 

Units Source 

beef 683.872 
avg lbs of 1 
carcass     

USDA, Weights, Measures, and Conversion Factors for Agricultural Commodities 
and Their Products (Agricultural Handbook Number 697, pg. 19) 

broilers 3.16455 
avg lbs of 1 
carcass 8"x8"x8" 

approx. size 
(guess) 

USDA, Weights, Measures, and Conversion Factors for Agricultural Commodities 
and Their Products (Agricultural Handbook Number 697, pg. 24). If chix parts, then 
approx. 915 mTons/39 FEUs or 52,000 lbs/FEU, so 26 sTons/FEU. Source: USDA, 
Poultry Export Guide: Poland, Ukraine, Estonia, Latvia. (Agricultural Marketing 
Service, Transportation and Marketing Division, Sept. 1998, pgs. 30-31). 

cork_wood 240 kg/m3 (cork) 600 

kg/m3 
(approx 
wood)   

cotton 56 lbs/bushel 25.4012 kg/bushel University of Missouri Extension, http://extension.missouri.edu/publications/ 

grain1 28 lbs/ft3 17 ft3/bale 

Universal Density Bale. USDA, Weights, Measures, and Conversion Factors for 
Agricultural Commodities and Their Products (Agricultural Handbook Number 697, 
pg. 69) and http://www.cotton.org/tech/bale/bale-description.cfm 

hogs 180.276 
avg lbs of 1 
carcass 50" girth 

wgt=gir2*lgth/
400 (1993 Old 
Farmer's 
Almanac) 

USDA, Weights, Measures, and Conversion Factors for Agricultural Commodities 
and Their Products (Agricultural Handbook Number 697, pg. 19) 

machinery_ag 100 stons/FEU     guess, world's largest farm combine is approx. 22 sTons (Lexion 590R) 

machinery_hvy 100 stons/FEU     
guess, CAT mining trucks weigh 360,000 lbs or 180 sTons, tunnel drill in NYC 
weighed 200 sTons. 

military 68 stons/FEU     M1 Abrams Main Battle Tank weight, www.fas.org/man/dod-101/sys/land/m1.htm 

paper_products 1201 kg/m3     http://www.simetric.co.uk/si_liquids.htm 
phosphate_che
micals 1500 kg/m3     http://www.simetric.co.uk/si_liquids.htm 

pulp 250 kg/bale 
83cm x 83cm 
x 41cm bale 

http://www.canforpulp.com/products/pulp/products/propertysheets.asp (ECF 90 
sheet) 

rubber_nat 15 

baskets/truck 
(each basket 
has several 
75-80 lb 
rubber blocks) 1.244944835 ft3/block 

NC Maritime TM Existing Port Infrastructure 09-14-2011, 
http://www.eplrubber.com/product.html 

rubber_syn         assume same as natural rubber 

soybeans 60 lbs/bushel 25.4012 kg/bushel University of Missouri Extension, http://extension.missouri.edu/publications/ 
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Commodity Weight 
Wgt/Vol

Units 
Alternate 

Dimension 
Alternate 

Units Source 

sweet_potatoes 40 lbs/carton 18.1 kg/carton 
USDA, Weights, Measures, and Conversion Factors for Agricultural Commodities 
and Their Products (Agricultural Handbook Number 697) 

textiles 50 stons/FEU     guess 

tobacco_burley 975 lbs/hogshead3 442 kg/hogshead 
USDA, Weights, Measures, and Conversion Factors for Agricultural Commodities 
and Their Products (Agricultural Handbook Number 697) 

tobacco_flue-
cured 950 lbs/hogshead 431 kg/hogshead 

USDA, Weights, Measures, and Conversion Factors for Agricultural Commodities 
and Their Products (Agricultural Handbook Number 697) 

turkeys 16.815125 
avg lbs of 1 
carcass     

USDA, Weights, Measures, and Conversion Factors for Agricultural Commodities 
and Their Products (Agricultural Handbook Number 697, pg. 24) 

wind_power 120 

meters tall 
(80' hub, 80' 
diameter, two 
40' blades 
across) 400 

400' tall, 400 
tons 

http://science.howstuffworks.com/environmental/green-science/10-wind-power-
facts.htm, http://www.appstate.edu/~js77542/images/ASUREI/Broyhill-
Wind/turbine&Bldg%20heights_ASU.jpg 

wood_pellets2 40 lbs/ft3 650 kg/m3 

http://www.buildingforafuture.co.uk/autumn03/wood_pellets.php (original source: 
RHPL Ltd), http://biomassmagazine.com/articles/3853/wood-pellets-an-expanding-
market-opportunity/ 

wheat 60 lbs/bushel 27.2155 kg/bushel University of Missouri Extension, http://extension.missouri.edu/publications/ 

barley 48 lbs/bushel 21.7724 kg/bushel University of Missouri Extension, http://extension.missouri.edu/publications/ 
Notes: 
1. In agricultural practice, a bushel is a fixed volume of 2,150.42 cubic inches. The mass of grain will therefore vary according to density. 
2. The volumetric bulk density (weight per unit volume) of wood pellets is significantly higher than that of wood chips; this figure depends on the moisture content 

of the wood chips but as a guide: wood pellets: 650kg/m3 (based on wood pellets <10% moisture). 
3. Hogshead (hhd) = somewhat obscure measure of volume, generally used for tobacco today. “In the United States, a hogshead is defined to hold 2 barrels, or 

63 gallons; this was the traditional British wine hogshead.” Equates to 14,553 cubic inches/approx. 8.422 cubic feet/238.48 liters. Source: Rowlett, Russ and 
the University of North Carolina at Chapel Hill (2000). How Many? A Dictionary of Units of Measurement, available online at: 
http://www.unc.edu/~rowlett/units/dictH.html. 
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The highway network has weight limits for trucks to ensure safe travel along the state’s 
roadways. North Carolina has two key restrictions that affect the model: 

• 94,500 lbs = 47.25 sTons. This is the maximum truck weight with a sealed container 
traveling to/from a port with a valid bill of lading. 

• 80,000 lbs = 40.00 sTons. This is the maximum truck weight for non-containers. Heavier 
loads (above 80,000 lbs) can be driven if an overweight permit is obtained. 

 
Accounting for a tare weight of 20 sTons, this translates into the following approximate limits on 
the maximum weights of commodities that can be hauled: 

• 27.25 sTons in a container 

• 20.00 sTons for non-containerized goods. 

 
All market data was issued in units of short tons (sTons) as seen in Table 9, whether 
containerized or non-containerized. Therefore, base conversion rates between weights and 
volumes were found in the literature so the amount of a commodity that could spatially fit in a 
forty-foot equivalent unit (FEU) could be calculated (cubing out).5  
 
Table 11: Base Conversion Rates for Cargo – Cubing Out 

Commodity Value Unit 
broilers 10.95 sTons/FEU 
containers 60.00 sTons/FEU 
cork_wood 26.88 sTons/FEU 
cotton 46.12 sTons/FEU 
grain 28.70 sTons/FEU 
hogs 40.13 sTons/FEU 
machinery_ag 100.00 sTons/FEU 
paper_products 44.00 sTons/FEU 
phosphate_chemicals 95.98 sTons/FEU 

 
As is evident in the partial table above, some commodities are heavier than others, and since 
the highway network has restrictive weight limits, the conversion factors must now include one 
of two maximum weight ceilings (27.25 or 20.00 sTons) so the point at which a commodity will 
“gross out”6 can be calculated. In other words, many of the commodities will “gross out” instead 
of “cube out”7 so the volume associated with grossing out must be determined. The calculations 
have been done for the 27.25 sTon limit (sealed containers) and the 20.00 sTon limit (non-
containers), as shown below. The full table is in Appendix A. 

                                                
 
5 An FEU, instead of a TEU, was used as the standard unit of volume for this analysis since forty-foot 
containers are quite common in the US and they are similar in size to a typical American truck trailer of 
fifty-three feet. 
6 To “gross out” means that the load reaches its maximum weight before the reaching the maximum 
volume that could be fit within the truck, railcar, or container. 
7 To “cube out” means that the load reaches the maximum volume that can be fit within the truck, railcar, 
or container before weight limits are reached. 
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Table 12: Conversion Rates for Cargo – Tonnage per FEU 
Cubing Out (highlighted ones are first 
Grossing Out) 

 
Grossing Out 

Commodity Value Unit 
Containers 
Required1 

Truckloads 
Required2 

broilers 10.95 sTons/FEU 1.00 1.00 
containers 60.00 sTons/FEU 2.20 3.00 
cork wood 26.88 sTons/FEU 1.00 1.34 
cotton 46.12 sTons/FEU 1.69 2.31 
grain 28.70 sTons/FEU 1.05 1.44 
hogs 40.13 sTons/FEU 1.47 2.01 
machinery_  ag 100.00 sTons/FEU 3.67 5.00 
Paper products 44.00 sTons/FEU 1.61 2.20 
Phosphate chemicals 95.98 sTons/FEU 3.52 4.80 
Notes: 1. Containers Required = 27.25 sTons maximum cargo weight allowed 
 2. Truckloads Required = 20.00 sTons maximum cargo weight allowed 
 
3.3 Node Details & Actions 
 
Of key interest is to quantify the differences in cost and time – not only the total cost and total 
time of a shipment. Therefore, locations of international nodes, domestic seaports, and inland 
domestic origins/destinations were defined. How each set of nodes were defined is now 
discussed. 
 
3.3.1 International Locations 
 
International origins/destinations (ODs) are defined here as the international port the cargo is at 
immediately before/after crossing an ocean for the US. To incorporate the route, and hence the 
travel time and cost differences, three time points have been defined as in Table 14; said time 
points are added to the trade lane abbreviations in Table 13 so the ocean routes are clear. 
Travel times and travel costs are measured from the time points and not from the international 
ports. 
 
Table 13: Trade Lanes of Interest 

Trade Lane Abbreviation 
Africa  US East Coast AfricaD 
Asia  US East Coast, Panama Canal AsiaP 
Asia  US East Coast, Suez Canal AsiaS 
Caribbean  US East Coast CaribD 
Europe  US East Coast EurD 
Mediterranean  US East Coast, Straits of Gibraltar MedD 
South America East Coast  US East Coast SAmerD 
South America West Coast  US East Coast, Panama Canal SAmerP 
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Table 14: Time Points for Travel Time & Cost Calculations 

Letter TimePoint 

P Panama Canal 

D Direct 

S Suez Canal 
TimePoint = point from which travel times are calculated for the model, East side of the Panama Canal to a Domestic 
Port, and West side of the Suez Canal to a Domestic Port. 
 
3.3.2 Domestic Ports – Processing Times and Costs 
 
3.3.2.1. Domestic Port Locations 
 
Five ports in the Southeastern US are considered as potential transshipment nodes for the 
existing (base) year analyses. In other words, commodities pass through these locations but do 
not originate or are destined for these sites. 

• Norfolk, VA, 

• Morehead City, NC (MHC) 

• Wilmington, NC (POW) 

• Charleston, SC 

• Savannah, GA 

 
Two potential port sites were co-located with existing sites as potential port locations: 

• Radio Island, NC (New Site 3 or NS3) co-located with Morehead City 

• Wilmington expanded, NC (NS4). 

 
Four additional port locations were considered as transshipment nodes for the future year 
analyses since these were potential port locations: 

• Pamlico Site 1 near Merritt, NC (NS1) 

• Pamlico Site 2 near Vandemere, NC (NS2) 

• River Road near Belville, NC (NS4) 

• Southport, NC (NS6) 

  
3.3.2.2. Domestic Port Processing  
 
This component of the delivered cost model comprises matrices of all-inclusive times and unit 
costs for dock-to-gate (for imports) and vice versa for exports, if distinctly different.8 Again, 
separate data is provided for containers and non-containers. Table 15 shows the default values 
in the model whereas Table 16 lists the values applied for the NC Maritime Strategy.  
 
                                                
 
8 Processing costs/times can be different when exporting versus importing a commodity because of the 
handling required. For instance, exporting pulp may require stuffing it into containers thereby adding more 
time and cost. 
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Table 15: Port Handling Assumptions 

Assumption Value 

port dwell time - containers (days) 7 

port dwell time - non-containers (days) 30 

port processing cost: containers ($/FEU)  $ 200.00 

port demurrage cost ($/FEU/day)  $ 0.00 

port processing cost: non-containers ($/sTon)  $ 10.00 

 
Port handling times (pt) and costs (pc) are inclusive of all on-port activities from ship unloading 
to gate exit. The times are currently fixed and equal for all ports of interest as shown in Table 
15, but fixed and unequal costs are applied from port to port as shown in Table 16.9 The costs 
are based on reported revenues and actual cargo handled at each port. The rates currently in 
the model are as follows: 
 
Table 16: Port Handling Action Table 
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Action Table: Port Transfer 
mode_OGV to LAND 
  
pt_container_HRS_2010 168 168 168 168 168 
pt_noncontainer_HRS_2010 720 720 720 720 720 
pc_USDperFEU_2010  $ 211  n/a  $ 156  $ 163  $ 167 
pc_USDperSTON_2010  $ 12.40  $ 5.20  $ 6.30  $ 10.80  $ 11.10 

 
Additional information for port operating costs was found in the 2008 study commissioned by the 
NC Soybean Producers Association entitled Opportunities for Containerized Exports of North 
Carolina Soybeans. This information is not currently being used in the model, but is shown 
below for reference. 

• $2,000 for use of a container 

• $100/container for liner, load bracing, and freight forwarding 

• $400/container for terminal handling, clearance, and landing costs at the export port 

• $600/container for terminal handling, clearance, and landing costs at the foreign port 

 
3.3.3 Domestic Inland Locations 
 
Domestic ODs of interest were defined by examining multiple sources.  

• The inland port literature review yielded a short-list of those transportation hubs that are tied 
to domestic seaports in a one-to-one relationship – dedicated. In addition, large industrial 
areas, known as mega-sites, were pinpointed as potential attractors of imports (parts, 
materials) and generators of exports (finished products). Refer to the NC Maritime Strategy 
Inland Ports technical memorandum. 

                                                
 
9 The DELIV$ model is constructed to handle both unequal costs and times by port; it can further be 
enabled to incorporate dynamic times/costs as needed. 
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• The freight node assessment offered a host of locations based on current NC Department of 
Commerce data: dollars of imports/exports generated; the top five locations were 
designated “primary nodes”. A set of secondary nodes were then selected by considering 
the opinions of those interviewed in that process to use their collective knowledge and 
insight on noteworthy sites. This included military installations which may not import/export 
goods as much as they use the ports to deploy and reposition personnel and equipment. 
Refer to the Existing and Planned Freight Nodes and Facilities technical memorandum. 

• Finally, the market analysis provided the top commodities that are expected to be exported 
and imported by the Southeast US in the future. These commodities were then mapped to 
their key generators (for origins) and attractors (for destinations).  Refer to the Market 
Scenarios technical memorandum. 

 
Overlaying the results from these three studies showed the synergies of some nodes and the 
lack of one or two elements at other nodes. A subset of nodes for delivered cost modeling was 
ultimately selected for each market scenario. Initially, the study team identified general locations 
(counties) for land-side trip ends to be used in the delivered cost model. Due to the sensitivity of 
the Freight Analysis Framework data with respect to anticipated travel times, it was determined 
that more specific locations were needed to establish nodes for analyses (latitude and longitude 
positions for each node). This section outlines the process used to establish these nodes for 
each of five market scenarios: containers, cold storage, oversize/Ro/Ro, grain, and wood 
products.  
 
3.3.3.1. Container Market Nodes 
 
The following information was reviewed to help determine appropriate nodes for analysis of the 
container market scenario: 

• Location of intermodal facilities 

• Location of NCSPA-owned/operated inland ports 

• Location of Warehousing and Storage Facilities (NAICS 4931) 

• Graphic of distribution centers currently served by the Port of Wilmington 

• Location of major population centers in NC 

 
Container markets are anticipated to primarily track major population centers. In North Carolina, 
major population centers include the Triangle, Triad, and Charlotte Regions. As a first step, the 
locations of intermodal and inland port facilities were used to identify container nodes. 
Intermodal facilities are located in both Greensboro (part of Triad region) and Charlotte. Two 
NCSPA inland ports are also located in Charlotte and Greensboro. No intermodal or inland port 
facilities are located in the Triangle. The Triangle region is primarily a truck market for NC Ports. 
Using Warehousing and Storage information (NAICS 4931) provided as a part of the Statewide 
Logistics Plan10, clusters of facilities were identified in downtown Raleigh, off of NC 54 near the 
RDU International Airport, and in east Durham. In the Triad, clusters are located along I-40 and 
US 70 in Greensboro (near NS intermodal and inland port locations), US 52 in downtown 
Winston-Salem, and downtown High Point. In the Charlotte region, clusters of warehousing and 

                                                
 
10 Statewide Logistics Study (2007) 
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storage are primarily located either along US 29 just northeast of downtown (in the same vicinity 
as the NS intermodal yard), southwest of town near I-77 and I-485, and northwest I-85 in the 
vicinity of NC 16 (in the same vicinity as the CSX intermodal yard). In both Charlotte and 
Greensboro, the intermodal and inland port facilities are generally located within warehousing 
clusters identified with the NAICS data. In these cases, single representative nodes were 
identified. 
 
Table 17: Container Market Scenario Node Locations 

Region Facility Location Town
Charlotte CSX Intermodal Facility N 35.273023° W 80.892768° 

Near Rozzelles Ferry Rd. and Hovis Rd. 
Charlotte 

Charlotte NS Intermodal Facility N 35.239842° W 80.823645° 
Near Parkwood Ave. and East 16th Street 

Charlotte 

Charlotte Future NS – Charlotte Douglas 
Intermodal 

N 35.2141° W 80.9612° 
Near Little Rock Rd. and US 74 

Charlotte 

Charlotte Charlotte Inland Terminal 1301 Exchange Street Charlotte 
Charlotte Warehouse Cluster Southwest of 

Town 
I-485 and I-77 interchange, southwest of 
Charlotte 

Near Pineville 

Triangle Warehouse Cluster – Downtown 
Raleigh 

Near Intersection of Wade Avenue and Capital 
Boulevard 

Raleigh 

Triangle Warehouse Cluster – RDU Airport  Near Intersection of Aviation Parkway and NC 
54 

Morrisville 

Triangle Warehouse cluster – East Durham Near Intersection of US 70 and Miami 
Boulevard 

Durham 

Triad NS Intermodal Facility N 36.060834°W 79.831088° 
Near West Lee St. and S. Chapman St. 

Greensboro 

Triad Piedmont Triad Inland Terminal 505 Chimney Rock Road Greensboro 
Triad Warehouse Cluster Downtown 

Winston Salem 
US 52 and I-40 Business Winston 

Salem 
Triad Warehouse Cluster – High Point I-85 Business (US 29) and US 311 High Point 

 
3.3.3.2. Cold Storage Market Nodes 
 
The following information was reviewed to help determine appropriate nodes for analysis of the 
cold storage market scenario: 

• Location of cold storage commodity sources in NC 

• Location of existing cold storage warehouses in NC 

• Location of NCSPA-owned/operated inland ports 

 
Cold storage markets are anticipated to primarily track livestock and sweet potato production 
centers. In North Carolina, there are three primary agricultural products requiring the 
consideration of cold storage: broilers (chickens), hogs and sweet potatoes. Secondary 
products include: cattle, turkeys, synthetic rubber and some textiles. As a first step, the 
production locations of the three primary products were mapped by county with data from the 
USDA North Carolina Field Office, 2010. Next, geographical centroids were determined for each 
commodity – weighted by the level of production in each county. Sweet potatoes are tightly 
clustered in five counties: Harnett, Johnston, Nash, Sampson, and Wilson with the mean and 
median centroids located in Johnston County. Hogs are generally found to be produced in NC 
from the VA border to the SC border and within the counties along and immediately east of I-95; 
there are also a handful of hog-producing counties in the southern area between Raleigh and 
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Charlotte. Highest production is found in Duplin and Sampson counties which are co-located 
with the mean and median centroids. Broilers are produced across the state in several counties, 
but they are strongly produced in three NC counties - Duplin in the southeast, Union in the south 
near Charlotte, and Wilkes in the northwest. Therefore, the centroids (mean and median) for 
broilers are in Moore County. Figures showing production locations for each of these agricultural 
products are provided in Appendix D. The table below summarizes the key data. 
 
Table 18: USDA State and County Estimates for 2010 

Commodity Leading 
County 

County Maximum State Total Weighted 
Centroid County 

Broilers Union 72,000,000 head 766,500,000 head Moore 
Hogs Duplin  2,150,000 head   9,000,000 head Sampson/Duplin 
Sweet Potatoes Sampson  1,712,000 hundredweight   9,720,000 hundredweight Johnston 

 
Based on the current cold storage sources, the three nodes that were originally selected were 
used in calculating delivered costs. These locations could also be considered as potential 
locations for cold storage facilities in addition to at-port facilities. Considering freight node and 
mega-site locations, the sites shown in Table 19 were used in the delivered cost analysis for 
Cold Storage. 
 
Table 19: Cold Storage Market Scenario Node Locations 

County Facility Location Town 
Moore Montgomery-Moore 

Mega Site1 
N 35°21’38.58” W 79°45’44.20” 
East of I-73/I-74/NC 24-27 
Interchange 

Between Star and Biscoe 

Sampson/ 
Duplin 

 N 34°56’39.44” W 78°04’35.80” 
Near I-40/US 117 Interchange 

Warsaw or Wallace (since the study 
may recommend revitalization of 
Wallace-Castle Hayne rail line) 

Johnston  N 35°31’44.23” W  78°16’29.01” 
Near I-95/Pine Level-Selma Rd. 
Interchange 

Selma (dual rail and dual highway 
location) 

Notes: “The site is roughly bound by Spies Road, NC Highway 24/27 and Interstate 73/74 (US 220) between Star and 
Biscoe.” (http://www.prlog.org/10868680-plans-move-ahead-for-proposed-3000-acre-joint-mega-site-project-in-
moore-montgomery-counties-nc.html) 
Source: http://www.moorebusiness.org/2011/05/new-project-heart-of-nc-megapark/ 
 
Figure 4 shows cold storage warehouse locations throughout North Carolina. This data is based 
on the USDA’s FSIS Meat, Poultry and Egg Product Inspection Directory. Note that the facilities 
are generally in the Piedmont region of the state and that facilities are missing near the ports.  
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Figure 4: Existing Cold Storage Warehouses in North Carolina 
 
A. Benson 
B. Charlotte 
C. Clayton 
D. Goldsboro 
E. Lumber 

Bridge 
F. Lumberton 
G. Marshville 
H. Maxton 
I. Monroe 
J. Oxford 
K. Raleigh 
L. Sanford 
M. Statesville 
N. Tar Heel 
O. Teachey 
P. Warsaw 
Q. Zebulon 
 

 

Sources: USDA, GoogleMaps 
 
 
3.3.3.3. Oversize/Ro/Ro Market Nodes 
 
Every potential Ro/Ro and oversize cargo node is not identified or used in the delivered cost 
calculations; however, several representative nodes have been identified using information 
available on the North Carolina Department of Commerce’s website (www.thrivenc.com). The 
website includes information on automotive, truck, and heavy equipment companies in North 
Carolina, which serves as a good proxy to identify these types of cargos. Numerous sites are 
mapped and are spread throughout the State with large clusters in the Charlotte, Triad, and 
Triangle regions. These sites are not necessarily in the region centroids. Nodes have been 
identified to try to provide a range of locations within the region. The website includes a sample 
listing of companies located in the State. These companies were researched to identify ones 
that are likely to have oversize or Ro/Ro cargo. In addition, a few additional companies, such as 
Spirit Aerosystems and Deere-Hitachi, were identified during the Advisory Council and 
Stakeholder meetings.  
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Table 20: Ro/Ro and Oversize Market Scenario Node Locations 

Region Company Location Town
East Spirit Aerosystems Global TransPark Kinston 
East Camp LeJeune US 17/NC 24 Jacksonville 
    
Southeast Fort Bragg NC 210/NC 24 Fayetteville 
    
Triad Caterpillar Intersection of Union Cross Road and 

Dell Blvd. 
Winston Salem 

Triad Daimler Buses 6012-B High Point Road Greensboro 
Triad Thomas Built Buses 1408 Courtesy Road High Point 
Triad Honda 3601 S. Hwy 135 Haw River 
Triad Deere-Hitachi 1000 Deere-Hitachi Road Kernersville 
    
Triangle GE Aviation 3701 S. Miami Blvd.  Durham 
Triangle John Deere 6501 NC 55 East Fuquay Varina 
Triangle Caterpillar 5000 Womack Road Sanford 
Triangle Caterpillar 954 NC 42 East  Clayton 
Triangle Caterpillar 1685 S. Brightleaf Boulevard Smithfield 
    
Charlotte Daimler – Gastonia Components and 

Log. 
1400 Tulip Drive Gastonia 

Charlotte Daimler – Truck Plant 1800 N. Main Street Mount Holly 
Charlotte Daimler - Cleveland Truck Plant 11550 Statesville Blvd. Cleveland (NC) 

 
Several sites were listed for Volvo Trucks and Construction Equipment on the 
www.thrivenc.com website. However, after reviewing these locations, it appears that most of the 
manufacturing of Ro/Ro items for Volvo occurs at a plant off of I-81 in southwestern Virginia. 
Although supporting this plant would not provide the same economic benefit to NC as a plant 
within the State, this target market could be pursued to capture a competitive market volume. 
Nodes focus on existing sites; however, discussions with Economic Development Commissions 
reveal that several potential new sites are being developed and automotive/equipment related 
industries continue to be targeted for new development (discussion with Research Triangle 
Partnership’s Debbie Lilly).  
 
3.3.3.4. Grain Market Nodes 
 
The following information was reviewed to help determine appropriate nodes for analysis of the 
grain market scenario: 

• Location of grain sources in NC – soybeans, corn 

• Location of grain elevators in NC and the region 

• Location of export grain elevators 

 
Grain markets are anticipated to primarily track farms that grow barley, corn, soybeans, wheat, 
and other grains. In North Carolina, there are two primary grains – corn and soybeans. The 
former is primarily used in domestic feeds for livestock. The latter is sold both domestically and 
internationally. Therefore, soybeans are the key export of interest in the grain market scenario. 
As a first step, soybean farms were mapped by county with data from the USDA North Carolina 
Field Office, 2010. Soybeans are grown across the state – seventy-three counties were itemized 
by the USDA. Close to three-quarters of all NC counties grow soybeans, with the largest 
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producers concentrated in eastern NC. The highest production was found in Beaufort and 
Pasquotank counties. Next, geographical centroids were determined for soybeans – weighted 
by the level of production in each county. The centroids (mean and median) for soybeans are in 
Wilson and Greene Counties, respectively.  
 
Based on the current grain sources, the node that was originally selected seems representative 
of the state’s needs; however, Greene County is only a mid-level producer of soybeans (less 
than 600,000 bushels in 2010). Furthermore, the county is bordered on the east and west by 
some of the most productive counties in the state (between 1M and 1.5M bushels/county in 
2010). Hence, grain elevator locations were assessed. Appendix B includes five sources 
providing different listings of grain elevators either in North Carolina or the region. Grain 
elevators within North Carolina are concentrated between Kinston and Greenville with a handful 
of elevators in the northeast (Elizabeth City area) and a handful spread out between Winston-
Salem and Shelby. There is an elevator in Morehead City, but none in Wilmington. Looking 
beyond NC’s borders, there are a limited number of grain elevators in neighboring states except 
for Georgia which has more than twice the number in NC (48 to 27). Most of the sources listed 
the company names that owned the elevators; this highlighted that many elevators were 
associated with broiler (chicken) production plants (Perdue, Pilgrim’s Pride), conveying that the 
grain was being stored for feed and not for export. The USDA published a directory in 2010 
focused on grain elevators that exported and were at export port facilities. Based on this 
directory, there are less than ten export elevators with the nearest one in Chesapeake, VA and 
the next closest one in Brunswick, GA (on Colonel’s Island Bulk Facility). 
 
Therefore, considering existing farms and grain elevator locations, the following four sites are 
recommended for use in the delivered cost analysis for Grain. 
 
Table 21: Grain Market Scenario Node Locations 

County Facility Location Town
New Hanover Grain Elevator At port Wilmington 
Lenoir Grain Elevator GTP Kinston 
Robeson Grain Elevator I-95 Lumberton 
Iredell Grain Elevator I-40/I-77 Statesville 

 
 
3.3.3.5. Wood Products Market Nodes 
 
The following information was reviewed to help determine appropriate nodes for analysis of the 
wood products market scenario: 

• Location of existing active pulp and paper mills in NC 

 
The pulp and paper mills are in small clusters throughout the state as listed below. 
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Table 22: Active Pulp and Paper Mills 

County Location Town
Robeson International Paper Co./Lumberton Container Plant 

820 Caton Road Hwy 72 West 
Lumberton 
 
West Fraser Timber Co., Ltd./Armour 
361 Federal Rd. 
Riegelwood, NC 28456 
 
Paramount Paper Ltd. 
Maxton, NC 

Lumberton 

Halifax KapStone Kraft Paper Corp. 
100 Gaston Rd. 
Roanoke Rapids, NC 
 
International Paper Co./Snow Hill Chip Mill 
335 Jesse Hill Road 
Snow Hill, NC 

Roanoke Rapids 

Wayne Blue Ridge Paper Products, Inc. 
175 Main St. 
Canton, NC 

Waynesville 

Wilkes Church & Church Lumber LLC 
798 New Browns Ford Rd. 
Wilkesboro, NC 
 
Yadkin Lumber Co Inc  
800 N State St 
Yadkinville, NC 

Wilkesboro 

 
To represent these clusters, the following nodes are proposed: 
 
Table 23: Wood Products Market Scenario Node Locations 

County Facility Location Town
Robeson International Paper Co./Lumberton 

Container Plant 
N 34°38’19.32” W 79°04’20.46” 
820 Caton Road Hwy 72 West 

Lumberton 

Halifax KapStone Kraft Paper Corp. 
 

N 36°28’34.47” W  77°38’46.72” 
100 Gaston Rd. 

Roanoke Rapids 

Wayne Blue Ridge Paper Products, Inc. 
 

N 35°32’12.12” W 82°50’12.45” 
175 Main St. 

Canton 

Wilkes Church & Church Lumber LLC 
 

N 36°08’51.38” W 81°13’39.78” 
798 New Browns Ford Rd. 

Wilkesboro 

Columbus West Fraser Timber Co., 
Ltd./Armour 

N 34°20’15.12” W 78°14’34.84” 
361 Federal Rd. 

Riegelwood 

 
3.4 Movement between Nodes 
 
The origin-destination pair as well as the modes available between the O and D and 
intermediate points dictates the movement between nodes. For this model, one end of the trip is 
via ocean going vessel (OGV) to/from an international port and a domestic port. The other end 
of the trip is between the domestic port and domestic inland location (initial origin or final 
destination). These movements, their definitions, and assumptions are now discussed in detail. 
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3.4.1 Ocean Going Vessel Travel 
 
The primary interest of the delivered cost model is to identify the differences among costs and 
times to move cargo between two points. Therefore, the cleanest method is to consider only the 
changes in shipping distance between the US ports for shipments arriving from various origins – 
a type of normalization. The benefit of this method is the focus on relative differences and not 
absolutes. As a result, excessively long trips, such as two weeks from China, can still be 
compared with one another even though the changes in time between US ports may only be a 
matter of hours. 
 
Most OGV routes can be divided into two segments: (1) international port to canal and (2) canal 
to domestic port. Since the first segment of the route is independent of which US east coast port 
is called upon, and only the second segment varies depending on which domestic port is visited, 
shipping distances were determined for the second segment only.11 The distances (in miles) are 
shown in Figure 5 and listed in Table 24 and Table 25, for the Panama and Suez Canals, 
respectively.  
 
Figure 5: Routes of Interest 

 
Source: AECOM and Google Maps, 2012. Not to scale. 
 
 

                                                
 
11 Some OGV routes do not traverse a canal, but for simplicity in the calculations, it is assumed that the 
second segment of all routes does begin from one of the canals. 

Panama Canal 

Suez Canal
VA 
NC 

SC 
GA 

FL 

Legend: 
Route from Suez Canal 
Route from Panama Canal 
International Ports to Canals 

Distance (mi) Panama Canal Suez Canal
VA 2,050 6,718
NC (MHC) 1,869 6,251
NC (POW) 1,845 6,354
SC 1,799 6,481
GA 1,800 6,556
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Two OGV speeds were applied to calculate travel times, one for containerized cargo ships 
(23.02 mph) and one for ships with non-containerized cargo (16.11 mph). In addition, a 
reduction factor of 0.9 was applied to the speeds as per the Port and Marine input. Therefore, 
travel times were calculated as follows: 
 = ×  

 
with 
 = 

travel time in hours for cargo type i, to/from domestic port j and from/to the canal m 
used by international port k =  distance between domestic port j and canal m, miles = 

 
speed for cargo type i, mph =  0.9, reduction factor 

 
and 
 
i:  c = container, n = non-container 
j:  domestic port (VA = Norfolk, MHC = Morehead City, POW = Wilmington, SC = 

Charleston, GA = Savannah) 
k:  international port 
 
For example, the travel time between Charleston, SC and the Panama Canal is: 
 = ×  

 = 1,7990.9 × 23.02 = 86.83 ℎ = 3.62
 

 
As with the distances, travel times are listed in Table 24 and Table 25 for each canal. With the 
travel times for the second route segment calculated, the differences in travel times, ttdiff, 
among the five domestic ports were next calculated. The travel time difference for one port was 
found by subtracting from that port’s travel time the minimum travel time between the canal of 
interest and all five domestic ports. Two examples are now given, one for a container ship and 
one for a non-container ship. The resultant travel time differentials are listed in Table 26 for 
container ships and Table 27 for non-container ships. 
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Table 24: Ocean Going Vessel Parameters – Panama Canal 
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Distance (Miles) 2,050 1,869 1,845 1,799 1,800 2,010 2,010 1,845 1,826 
Speed (MPH) with 
containerized cargo 23.02 23.02 23.02 23.02 23.02 23.02 23.02 23.02 23.02 
Speed (MPH) with non-
containerized cargo 16.11 16.11 16.11 16.11 16.11 16.11 16.11 16.11 16.11 
Reduction Factor 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 
Time (hrs) with 
containerized cargo 98.94 90.22 89.06 86.83 86.89 97.05 97.05 89.06 88.13 
Time (hrs) with non-
containerized cargo 141.35 128.89 127.22 124.05 124.13 138.65 138.65 127.22 125.90 

 
Table 25: Ocean Going Vessel Parameters – Suez Canal 
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Distance (Miles) 6,718 6,251 6,354 6,481 6,556 6,519 6,519 6,354 6,334 
Speed (MPH) with 
containerized cargo 23.02 23.02 23.02 23.02 23.02 23.02 23.02 23.02 23.02 
Speed (MPH) with non-
containerized cargo 16.11 16.11 16.11 16.11 16.11 16.11 16.11 16.11 16.11 
Reduction Factor 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 
Time (hrs) with 
containerized cargo 324.30 301.78 306.72 312.89 316.50 314.72 314.72 306.72 305.80 
Time (hrs) with non-
containerized cargo 463.29 431.11 438.18 446.98 452.14 444.32 449.61 438.18 436.86 

 
Container Ship Example: 
 = − , , , ,  = 324.30 − 324.30, 301.78, 306.72, 312.89, 316.50  = 324.30 − 301.78 = 22.53 hours (rounded) 

 
with 
 = 

 

travel time in hours for cargo type i, to/from domestic port j and from/to the canal 
used by international port k  
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= 

 

travel time differential as compared to the other Southeastern US ports (in hours) 
for cargo type i, to/from domestic port j and from/to the canal used by international 
port k  

 
Non-Container Ship Example: 
 = − , , , ,  = 127.22 − 141.35, 128.89, 127.22, 124.05, 124.13  = 127.22 − 124.05 = 3.17 hours (rounded) 

 
 
Table 26: Ocean Going Vessel Travel Time Differentials – Containers (hours) 
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mode_OGV 

CONTAINERS 

tt_HRS_differentials 

AfricaD 22.53 0.00 4.95 11.11 14.72 12.95 12.95 4.95 4.02 
AsiaP 12.11 3.39 2.22 0.00 0.05 10.22 10.22 2.22 1.30 
AsiaS 22.53 0.00 4.95 11.11 14.72 12.95 12.95 4.95 4.02 
CaribD 12.11 3.39 2.22 0.00 0.05 10.22 10.22 2.22 1.30 
EurD 22.53 0.00 4.95 11.11 14.72 12.95 12.95 4.95 4.02 
MedD 22.53 0.00 4.95 11.11 14.72 12.95 12.95 4.95 4.02 
SAmerD 12.11 3.39 2.22 0.00 0.05 10.22 10.22 2.22 1.30 
SAmerP 12.11 3.39 2.22 0.00 0.05 10.22 10.22 2.22 1.30 

 
Table 27: Ocean Going Vessel Travel Time Differentials – Non-Containers (hours) 

yr_2010 
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mode_OGV 

NON-CONTAINERS 

tt_HRS_differentials 
AfricaD 32.18 0.00 7.07 15.88 21.03 13.21 18.50 7.07 5.75 
AsiaP 17.30 4.84 3.17 0.00 0.08 14.60 14.60 3.17 1.85 
AsiaS 32.18 0.00 7.07 15.88 21.03 13.21 18.50 7.07 5.75 
CaribD 17.30 4.84 3.17 0.00 0.08 14.60 14.60 3.17 1.85 
EurD 32.18 0.00 7.07 15.88 21.03 13.21 18.50 7.07 5.75 
MedD 32.18 0.00 7.07 15.88 21.03 13.21 18.50 7.07 5.75 
SAmerD 17.30 4.84 3.17 0.00 0.08 14.60 14.60 3.17 1.85 
SAmerP 17.30 4.84 3.17 0.00 0.08 14.60 14.60 3.17 1.85 

 
 
For OGVs, the delivered cost model applies costs to the last leg of the trip from one of the 
canals (Panama or Suez) to the US port of interest. Costs are in dollars per forty-foot equivalent 
units (denoted $/FEU or USDperFEU) for containerized goods and dollars per short ton 
(denoted $/sTon or USDperSTON) for non-containerized goods. For vessels that do not cross 
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either canal, such as those from the east side of South America or from Europe, the costs are 
given from the nearest canal so that a relative cost is obtained. For example, east coast South 
American vessel costs are measured from the east side of the Panama Canal to the US port of 
interest.  
 
The current costs used in the model are as follows: 
 
Table 28: Ocean Going Vessel Cost Differentials – Containers ($/FEU) 
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mode_OGV 
CONTAINERS 
tc_USDperFEU 

AfricaD  $ 564   $ 524   $ 534  $ 544  $ 550  $ 524  $ 524  $ 534  $ 540  
AsiaP  $ 173   $ 157   $ 157  $ 152  $ 152  $ 157  $ 157  $ 157  $ 158  
AsiaS  $ 564   $ 524   $ 534  $ 544  $ 550  $ 524  $ 524  $ 534  $ 540  
CaribD  $ 173   $ 157   $ 157  $ 152  $ 152  $ 157  $ 157  $ 157  $ 158  
EurD  $ 564   $ 524   $ 534  $ 544  $ 550  $ 524  $ 524  $ 534  $ 540  
MedD  $ 564   $ 524   $ 534  $ 544  $ 550  $ 524  $ 524  $ 534  $ 540  
SAmerD  $ 173   $ 157   $ 157  $ 152  $ 152  $ 157  $ 157  $ 157  $ 158  
SAmerP  $ 173   $ 157   $ 157  $ 152  $ 152  $ 157  $ 157  $ 157  $ 158  

 
Table 29: Ocean Going Vessel Cost Differentials – Non-Containers ($/sTon) 
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mode_OGV 
NON-CONTAINERS 
tc_USDperSTON 
AfricaD  $ 87.27   $ 81.05   $ 82.66  $ 84.22  $ 85.18  $ 81.05  $ 81.05  $ 82.66   $ 83.53 
AsiaP  $ 26.79   $ 24.27   $ 24.24  $ 23.54  $ 23.56  $ 24.27  $ 24.27  $ 24.24   $ 24.49 
AsiaS  $ 87.27   $ 81.05   $ 82.66  $ 84.22  $ 85.18  $ 81.05  $ 81.05  $ 82.66   $ 83.53 
CaribD  $ 26.79   $ 24.27   $ 24.24  $ 23.54  $ 23.56  $ 24.27  $ 24.27  $ 24.24   $ 24.49 
EurD  $ 87.27   $ 81.05   $ 82.66  $ 84.22  $ 85.18  $ 81.05  $ 81.05  $ 82.66   $ 83.53 
MedD  $ 87.27   $ 81.05   $ 82.66  $ 84.22  $ 85.18  $ 81.05  $ 81.05  $ 82.66   $ 83.53 
SAmerD  $ 26.79   $ 24.27   $ 24.24  $ 23.54  $ 23.56  $ 24.27  $ 24.27  $ 24.24   $ 24.49 
SAmerP  $ 26.79   $ 24.27   $ 24.24  $ 23.54  $ 23.56  $ 24.27  $ 24.27  $ 24.24   $ 24.49 

 
From the stakeholder meetings and references, the following numbers were identified: 
 
Table 30: Ocean Going Vessel Costs 

Variable Value Source
Cost per container ($/TEU) $ 1,200 YangMin $900, Hanjin $1500, USDA $1200 
Cost per reefer (FEU) $ 4,900 US  Poland, 1998, no other data found 
Bulk rate ($/sTon), US  Asia $ 48.00 grain rates 3rd quarter of 2011, USDA 
Bulk rate ($/sTon), US  Europe $ 22.00 grain rates 3rd quarter of 2011, USDA 

 
The estimated and calculated numbers seem reasonable when compared with the stakeholder 
comments and references. 
 



 
 

February 15, 2012 North Carolina Maritime Strategy  47 
 Delivered Cost Model 

3.4.2 Domestic Land Travel 
 
The following combinations of modes are suggested for connecting the Southeastern US ports 
of interest and reaching the domestic destination hubs. Each of these combinations is preceded 
by the OGV mode to transport international cargo to our shores. 

• Truck  

• Rail  

• Barge/short sea ship (SSS)  

• Rail  truck 

• Truck  rail  truck 

• Barge/SSS  truck 

• Barge/SSS  rail  truck 

 
For this study, the barge/SSS options have been excluded leaving the most salient options of 
truck and rail. The assumptions and calculations associated with these two primary land modes 
are now described. 
 
3.4.2.1.  Truck Travel 
 
For the DELIV$ model, land transport is the most complex element to incorporate because of 
the added need to adjust loads hauled based on not just volume, but by weight, plus 
incorporating driver hours of service (HOS) and deadheading.12 The truck travel section is 
divided into three subsections – haul rates, truck turns, and deadheading. Note that commodity 
volumes and weights, with their influence on cost calculations because of grossing out before 
cubing out, are discussed in section 3.2. 
 
Haul Rates 
An hourly or mileage-based trucking rate was desired for calculating the total cost of the truck 
portion of a trip. To this end, the model initially applied the ATRI rate of $61.46/hour. As part of 
the preparation of this report, the study team researched several sources to validate this value 
for reasonableness. From the stakeholder meetings three rates were quoted: 

• A 90-mile soybean dray for $300 

• A year 2011 truck cost of $450 to travel from POW to Charlotte (approximately 205 miles, 
3.65 hours) 

• A 2011 truck cost of $550 to travel from Asheville to Charleston (approximately 267 miles, 
4.15 hours) 

 
And in the literature, two drayage rates were found (full sources listed in the Appendix C: 

• $125 for the first 30 miles, then $1.38/mile 

• $340 for the first 80 miles, then $2.00/mile 

                                                
 
12 Trucking cargo (as opposed to other modes) is a door-to-door service, from port gate to final 
destination only one mode is necessary. For rail, a dray is required at one or both ends of the trip. 
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Costs per mile for the week of 11/8/2011 were found on www.FairTran.com for both long- and 
short-haul trips. The short-haul rates are shown below: 

• $2.36/mile for a van (53-foot trailer) 

• $2.64/mile for a flatbed 

• $2.82/mile for a refrigerated container (known as a “reefer”) 

 
To compare these rates, the following table was created: 
 
Table 31: Truck Haul Rates Compared 

 $/mile 90-mile
trip 
cost 

205-
mile 
trip 
cost 

267-mile 
trip cost 

$/hour 
(205-mi 

trip) 

$/hour
(267-mi 

trip) 

Van 2.36 212 484 630 133 152 
Flatbed 2.64 238 541 705 148 170 
Reefer 2.82 254 578 753 158 181 
Soybean dray 3.33 300 683 890 187 215 
POW  Charlotte 2.20 198 450 586 123 141 
Asheville  Charleston 2.06 185 422 550 116 133 
30-mile fixed dray, then variable 2.31 to 1.69 208 367 452 100 109 
80-mile fixed dray, then variable 4.00 to 2.67 360 590 714 162 172 
ATRI rate 1.09 to 0.95 98 to 86 224 255 61.46 61.46 
Notes: red text are calculated values, black text is the given value from the source. 
 
The calculated rates ($100/hr to $215/hr), based on short haul costs stated above the table are 
higher than the hourly rate from the ATRI study ($61.46/hr). Therefore, the ATRI rate is not 
used, rather a cost more in line with the recently charged rates and those stated in the 
stakeholder meetings, $150/hr (average = 150, median = 150, standard deviation = 31). 
 
Truck Turns 
A consideration of trucking companies that plays into their rate structure and ability to serve an 
area efficiently is the number of roundtrips (or truck turns) a particular driver-truck pair can 
accomplish within the legal limits of daily HOS. To keep truck drivers and other vehicle 
operators safe, the number of hours a trucker can drive in any 24-hour period is capped at 11 
hours. Therefore, the maximum distance coverable in a day is constrained by HOS, road 
network characteristics (terrain, speed limits), load/unload times, weather, and other 
externalities. Focusing on the hours of operation and needs of a given shipment, a truck driver 
may spend the time by accomplishing a single, long one-way trip (a line-haul) or by completing 
one or more shorter roundtrips (truck turns). The number of trips is important because line hauls 
do not offer backhaul opportunities in the same day (i.e. only one leg of the trip includes a 
billable job) whereas the roundtrips offer backhaul opportunities so both directions of a trip may 
be billable jobs – thereby increasing trucker profitability. From the shipper’s side, the more truck 
turns possible equates to fewer distinct drivers being necessary to deliver an entire shipment of 
containers or other cargo. This has the benefit of minimizing the total number of personnel held 
accountable and needing coordination/scheduling. Additionally, same-day backhaul 
opportunities such as repositioning containers may arise with shorter trips. 
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Figure 6 presents the reachable area for a given number of truck turns (0 to 3), followed by 
calculations of minimum and maximum drive times associated with each condition up to the 11-
hour HOS maximum. 
 

Figure 6: Truck Turns 

 
 

Truck turn knowledge was culled from the Stakeholder Meetings and is listed in the Appendix C; 
this data was used to verify the highway travel time calculations. 
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Truck Turn Calculations 

• Maximum allowable drive time = 11 hours 

• Assume 40 minutes per loading or unloading of a truck, driver stays with truck 

• Line Haul: 11 hours – 40 minutes of load and 40 minutes of unload = 9 hours 40 minutes of 
straight driving time 

• X truck turns: Actual hours of driving per leg of the roundtrip of one turn = {[maximum 
allowable drive time – X*(load time + unload time)]/X turns}/2 

 
 
Table 32: Travel Window per Truck Turn 

Truck Turns 
Maximum 

(hours) 
Minimum 
(hours) 

Actual Time per Leg 
(hours) 

Line Haul 11 5.5 9.400 
One Truck Turn 5.5 2.75 4.833 
Two Truck Turns 2.75 1.83 2.080 
Three Truck Turns 1.83 0 1.167 

 
The truck turn data was applied to the highway network early in the analysis to inform the 
Economics analysis of what markets could be reached by the trucking community, and how 
often in a day’s work. Figure 7 displays the results of the truck turn analysis between the five 
Southeastern ports of interest and seven major regions in North Carolina. Key findings included: 

• NC ports are almost entirely overlapped by Norfolk's line haul reach through 2040. It would 
be difficult to compete with Norfolk. 

• NC ports have line haul access to west NC locations now but will not in 2040. 

• Charleston and Savannah will continue to have line haul access to west NC locations 
through 2040. 

• NC ports have good one-truck-turn access to NC - reaching eastern and central locations. 
Norfolk is a direct competitor. 

• Charlotte performs similarly in 2040 if one truck turn is desired. 

• Only Wilmington has some two-truck-turn locations in NC now and in the future. 

• Three truck turns should not be considered based on the data provided so far. No NC 
locations were accessible in 2040 by any port. 

 
This initial truck turn coverage analysis was later refined by routing algorithms applied to the 
FAF network as described in the Highway Infrastructure Assessment technical memorandum for 
the purpose of determining (1) reachability of markets (see Figure 54 in the NC Maritime 
Strategy Final Report); (2) primary truck routes anticipated in 2040; and (3) specific road 
sections needing improvements.  
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Figure 7: Analysis of Truck Turn Data for Market Reach of Each Port 
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E
as

tN
C

A
g

 

G
T

P
 

F
ay

et
te

vi
lle

 
R

al
ei

g
h-

D
ur

h
am

 
G

re
en

sb
o

ro
_W

S
 

C
ha

rl
ot

te
 

A
sh

ev
ill

e
 

W
es

tN
C

A
g

 

2040 STIP

E
as

tN
C

A
g

 

G
T

P
 

F
ay

et
te

vi
lle

 
R

al
ei

g
h-

D
ur

h
am

 
G

re
en

sb
o

ro
_W

S
 

C
ha

rl
ot

te
 

A
sh

ev
ill

e
 

W
es

tN
C

A
g

 

2040 STIP PLUS

E
as

tN
C

A
g

 

G
T

P
 

F
ay

et
te

vi
lle

 
R

al
ei

g
h-

D
ur

h
am

 
G

re
en

sb
o

ro
_W

S
 

C
ha

rl
ot

te
 

A
sh

ev
ill

e
 

W
es

tN
C

A
g

 

  
mode_TRUCK mode_TRUCK mode_TRUCK

Line Haul Line Haul Line Haul
reach reach reach

Norfolk 1 1 1 1 1 1 1 1 Norfolk 1 1 1 1 1 0 0 0.5 Norfolk 1 1 1 1 1 0 0 0.5
MHC 1 1 1 1 1 1 1 1 MHC 1 1 1 1 1 0.5 0 0 MHC 1 1 1 1 1 1 1 1
POW 1 1 1 1 1 1 1 1 POW 1 1 1 1 1 1 0 0 POW 1 1 1 1 1 1 1 1
Charleston 1 1 1 1 1 1 1 1 Charleston 0.5 1 1 0 1 1 0.5 0.5 Charleston 0.5 1 1 0 1 1 0.5 0.5
Savannah 1 1 1 1 1 1 1 1 Savannah 0.5 1 1 0 0.5 1 1 0.5 Savannah 0.5 1 1 0 0.5 1 1 0.5
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mode_TRUCK mode_TRUCK mode_TRUCK

One Truck Turn One Truck Turn One Truck Turn
reach reach reach

Norfolk 1 1 1 1 0.5 0 0 0 Norfolk 0.5 1 0 0 0 0 0 0 Norfolk 0.5 1 0 0 0 0 0 0
MHC 1 1 1 1 0.5 0 0 0 MHC 1 1 1 0 0.25 0 0 0 MHC 1 1 1 0 0.25 0 0 0
POW 1 1 1 1 1 1 0 0 POW 1 1 1 0.5 0 0 0 0 POW 1 1 1 0.5 0 0 0 0
Charleston 0.5 0 1 0.5 0 1 0.5 0 Charleston 0 0 0 0 0 0 0 0 Charleston 0 0 0 0 0 0 0 0
Savannah 0.25 0 1 0 0 1 0 0 Savannah 0 0 0 0 0 0 0 0 Savannah 0 0 0 0 0 0 0 0
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mode_TRUCK mode_TRUCK mode_TRUCK

Two Truck Turns Two Truck Turns Two Truck Turns
reach reach reach

Norfolk 0.5 0 0 0 0 0 0 0 Norfolk 0.25 0 0 0 0 0 0 0 Norfolk 0.25 0 0 0 0 0 0 0
MHC 0.5 1 0 0 0 0 0 0 MHC 0 0 0 0 0 0 0 0 MHC 0 0 0 0 0 0 0 0
POW 0.5 0.5 0.5 0.25 0 0 0 0 POW 0.5 0 0 0 0 0 0 0 POW 0.5 0 0 0 0 0 0 0
Charleston 0 0 0 0 0 0 0 0 Charleston 0 0 0 0 0 0 0 0 Charleston 0 0 0 0 0 0 0 0
Savannah 0 0 0 0 0 0 0 0 Savannah 0 0 0 0 0 0 0 0 Savannah 0 0 0 0 0 0 0 0

Base Year 
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mode_TRUCK mode_TRUCK mode_TRUCK

Three Truck Turns Three Truck Turns Three Truck Turns
reach reach reach

Norfolk 0.25 0 0 0 0 0 0 0 Norfolk 0 0 0 0 0 0 0 0 Norfolk 0 0 0 0 0 0 0 0
MHC 0 0 0 0 0 0 0 0 MHC 0 0 0 0 0 0 0 0 MHC 0 0 0 0 0 0 0 0
POW 0 0 0 0 0 0 0 0 POW 0 0 0 0 0 0 0 0 POW 0 0 0 0 0 0 0 0
Charleston 0 0 0 0 0 0 0 0 Charleston 0 0 0 0 0 0 0 0 Charleston 0 0 0 0 0 0 0 0
Savannah 0 0 0 0 0 0 0 0 Savannah 0 0 0 0 0 0 0 0 Savannah 0 0 0 0 0 0 0 0

Notes: (1) 2040 STIP: Conditional highlighting employed so declines (red) from Base Year are made evident. (2) 2040 STIP PLUS: Conditional highlighting 
employed so improvements (green) from 2040 STIP and declines from Base Year (red) are made evident. 
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Deadheading 
The truck turn calculations were further augmented by deadheading assumptions for application 
in the delivered cost model. Deadheading is when one leg of a roundtrip does not include a 
billable task – there is no cargo being hauled or empty container being moved. Short trips offer 
the highest percentage of backhaul opportunities (i.e. deadheading is likely to be a rarity). On 
the other hand, line haul trips, because of their very nature of expending most or all HOS 
traveling in one direction offer zero percent same-day backhauling, so the percent of 
deadheading is 100 percent. Hence, deadheading assumptions were tied to the number of truck 
turns as shown in Table 33. Based on input from the Bulk and Breakbulk Stakeholders Meeting 
held on 10/21/2011, the truck cost per mile when deadheading is multiplied by a factor of 1.5. 
 
Table 33: Deadheading Assumptions Tied to Truck Turns 

Travel Time Windows 

Deadheading Split 
> 

LH Time 

LH Time
≤ X < 

1 TT Time 

1 TT Time
≤ X < 

2 TT Times 

2 TT Times
≤ X < 

3 TT Times 
≤ 

3 TT Times 

Percent DH 100% 100% 75% 50% 25% 

Percent Not DH 0% 0% 25% 50% 75% 
Notes: LH = Line Haul, TT = Truck Turn 
 
 
3.4.2.2. Rail Travel 
 
Rail travel times to/from ports depends on the level of port access (at-wharf, on-port, near-port), 
travel times between points, and load/unload times associated with building a train. Table 34 
presents travel times between the ports and cities. Similarly, the costs of rail travel must be 
itemized to include the cost of loading/unloading, the rail move cost, and drayage costs. 
 
The model currently includes Class I rail connections. Short lines can be added when needed. 
Several tariff rates and railroad revenue rates have been collected and are listed in Appendix C. 
Listed in Table 36 is a comparison of these rates. The railroad revenues as reported by the 
USDA range from $0.028 to $0.060 per ton-mile; significantly lower rates ($0.002 to $0.021/ton-
mile) were identified in the Agricultural Shippers Meeting and from study team member 
experience (for containers). This equates to costs of $100/car to over $5,000/car. 
 
Table 34: Class 1 Railroad Travel Times 
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mode_RAIL 

min (CSX, NS time) 
tt_HRS 

Raleigh n/a n/a 9.4102 n/a n/a 
Charlotte 15.396 14 8.5716 10.756 14.388 
Greensboro 13.333 9.8667 10.113 n/a n/a 
Asheville n/a n/a n/a n/a n/a 
Winston-Salem n/a 11.156 10.113 n/a n/a 
Columbus, Ohio 29.867 34.089 38.348 36.086 35.139 

n/a = not applicable 
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Table 35: Railroad Cost Data 

Assumption Value Source 

Rail speed, mph     22.50 
2008 Virginia DOT study for I-81 Freight 
Diversion and Forecast. 

Container dray cost at destination  $ 150.00 previous study team experience 
Rail move cost/container/hour  $ 17.50 calculated $150/8.57 hrs from POW to Charlotte 

Rail cost non-rail move portion/container  $ 150.00 
calculated flat-rate per FEU container cost of 
unload ship to rail, switch, unload rail to dray 

Fixed dray time, hrs          1 estimate 
Fixed rail switching & unloading to dray time, hrs          1 estimate 

 
 
Table 36: Railroad Cost Data – Published Values 

Item 
$/ton-

mi ton-miles revenue$ cars miles
$/

bushel
$/

mTon
$/ 

sTon $/car 
bushels/

car 
sTons/

car 
NS unit train non-Ag shipping 
rate/car, 8/16/2011 Ag Shippers 
Mtg $ 0.002  4,400,000 $ 10,000 100 400   $ 0.91 $ 100  110
NS quote to MHC for shipping 
rate/car, 8/16/2011 Ag Shippers 
Mtg $ 0.006  4,400,000 $ 28,000 100 400   $ 2.55 $ 280  110
Total rail cost/container POW to 
Charlotte, 11/1/2011 Roger 
Heebner email $ 0.021  2,123,000 $ 45,000 100 193   $ 4.09 $ 450  110

Tariff+fuel schg: soybeans 
Indianapolis, IN to Raleigh, NC 
(60 lbs/bushel) $ 0.063  6,991,703 $ 441,400 100 630 $1.19 

$ 
43.83 $ 39.77 $ 4,414 3709.24 110.98

Tariff+fuel schg: corn from 
Toledo, OH to Raleigh, NC $ 0.062  6,990,924 $ 434,000 100 630 $1.17 

$ 
43.10 $ 39.11 $ 4,340 3709.40 110.97

RR avg total cost in yr2000 
($/ton-mi) $ 0.028 11,000,000 $ 308,000 100 1000   $ 28.00 $ 3,080  110
RR revenue - grain, yr2006, all 
($/ton-mi) $ 0.028  5,500,000 $ 154,000 100 500   $ 14.00 $ 1,540  110
RR revenue - grain, yr2006, 20-
500 mile trips ($/ton-mi) $ 0.045  2,860,000 $ 128,700 100 260   $ 11.70 $ 1,287  110
RR revenue - grain, yr2006, 
501-750 mile trips ($/ton-mi) $ 0.035  6,880,500 $ 240,818 100 625.5   $ 21.89 $ 2,408  110
RR revenue - food products, 
yr2006, all ($/ton-mi) $ 0.025  5,500,000 $ 137,500 100 500   $ 12.50 $ 1,375  110
RR revenue - food products, 
yr2006, 20-500 mile trips ($/ton-
mi) $ 0.050  2,860,000 $ 143,000 100 260   $ 13.00 $ 1,430  110
RR revenue - food products, 
yr2006, 501-750 mile trips 
($/ton-mi) $ 0.040  6,880,500 $ 275,220 100 625.5   $ 25.02 $ 2,752  110
RR revenue - fertilizer, yr2006, 
all ($/ton-mi) $ 0.030 11,000,000 $ 330,000 100 500   $ 15.00 $ 3,300  220
RR revenue - fertilizer, yr2006, 
20-500 mile trips ($/ton-mi) $ 0.060  5,720,000 $ 343,200 100 260   $ 15.60 $ 3,432  220
RR revenue - fertilizer, yr2006, 
501-750 mile trips ($/ton-mi) $ 0.040 13,761,000 $ 550,440 100 625.5   $ 25.02 $ 5,504  220

Table Data Source: USDA & USDOT, Study of Rural Transportation Issues, April 2010. 
Notes: red numbers are estimated or calculated values, black text is the given value from the source. 
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4 TOTAL DELIVERED COSTS EXAMPLES 
 

 
The delivered cost model is compiled from detailed input by using the most disaggregated data 
available to quantify the time and cost of single commodities and/or shipments, then 
aggregating this information into market scenarios that comprise commodities groups.  
 
To illustrate the formation of the delivered costs, three examples are provided below. The first 
example illustrates the calculations for a single commodity. The second demonstrates how 
delivered cost model results can be aggregated to the market scenario level. Finally, the third 
example highlights the type of results that can be extracted to view larger cross-sections of 
data.  
 
4.1 Example 1 – A Single Commodity 
 
For a particular commodity, delivered costs are generated through each domestic port and by 
each land-side mode. Shown next are the steps and related calculations for the commodity, 
containerized pulp. Given the following input data (commodity, origin, destination, 
condition/year), delivered costs and travel times are calculated. Consider, 
 
INPUT DATA: containerized pulp, from Lumberton, to Europe, 2040 STIP condition 
 
Step 1. Quantify the shipment volume 

• Based on the PIERS data and economic forecast, the total volumes of containerized and 
non-containerized cargos to/from international destinations are listed in tables by year (2010 
and 2040), such as in Table 9. The volumes are listed in short tons (sTons). 

o Containerized pulp exported to Europe in 2040 = 38,174 sTons 

• Based on the domestic inland locations for wood products (see Table 23), there are five 
nodes to consider. Here, an equal volume split is assumed among the five nodes. 

o Containerized pulp exported from Lumberton = 38,174 sTons/5 = 7,635 sTons 

• Convert to units of forty-foot equivalent units (FEUs), testing for cubing or grossing out, then 
choosing the lower value. 

o Vcube = 134.8 FEU 

o Vgross = 280.2 FEU (if containerized, 27.25 sTons/FEU is used, else 20 sTons/FEU is 
applied) 

o Minimum(Vcube, Vgross) = Vcube = 134.8 FEU 

 

Step 2. Calculate travel times for each domestic port of interest 

Step 2a. Truck and Ship 

• Truck un/loading time = 0.5 hours (hrs) 

• Truck travel time depends on the highway travel time OD matrices for each condition. 

o Lumberton to Norfolk in 2040 STIP = 7.27 hrs 
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• Port processing time (see Table 15, Table 16) = 7 days for a container = 168 hrs 

• OGV travel time differential from Norfolk to Europe, as compared to the other regional ports 
(see Table 23) = 22.53 hrs. This calculation can be written as: ttdifferential = ttdomestic port 
a  international port x – minimum (all travel times to international port x). 

• Total travel time (ship, truck) = ttunload + tttruck + ttport ops + ttOGV 

= 0.50 + 7.27 + 168.00 + 22.53 

= 198.30 hrs 

Step 2b. Rail and Ship 

• Check if there is rail between the domestic inland location and the ports. 

o No Class 1 rail to/from Lumberton, therefore rail and ship travel is not a possible 
combination. 

 

Step 3. Calculate travel costs 

Similar calculations are next performed for the costs. Calculations for containerized goods are 
kept in units of US dollars/FEU ($/FEU or USD/FEU); calculations for non-containerized goods 
are kept in units of US dollars/sTon ($/sTon or USD/sTon). Progressing through the trip chain: 

 

Step 3a. Truck and Ship 

• Cost to load a truck in Lumberton = $100/FEU ($100/truckload) 

• Cost to truck the cargo from Lumberton to Norfolk in 2040 STIP condition is dependent on 
four inter-related elements: travel time, possible truck turns, possible deadheading, and the 
truck hourly rate. 

o Truck travel time = 7.27 hrs 

o Truck hourly rate = $150/truckload (see § 3.4.2.1) 

o Truck turns possible given 7.27 hrs one-way = 0 (see Table 32).  

o Deadheading 

Deadheading is always assumed for non-containers, therefore the cost is multiplied by 
1.5 (150 percent price increase) 

Deadheading for containers is tied to the number of truck turns possible. Here, if one-
way travel time > one truck turn, then 100 percent deadheading assumed, so apply the 
1.5 multiplier (see Table 33). 

o Truck delivered cost  = Deadhead multiplier * Truck hourly rate * travel time 

= 1.5 * 150 $/hr * 7.27 hrs 

= $1,635/FEU 

 
 
 



 
 

February 15, 2012 North Carolina Maritime Strategy  57 
 Delivered Cost Model 

Deadheading variation:  

o   When the one-way travel times are lower, such as in the 2040 STIP PLUS condition 
(Lumberton  Norfolk = 4.617 hrs) then some deadheading is assumed possible. 
Since two truck turns < 4.617 hrs < one truck turn, then from Table 33, 25 percent of 
the trucks are estimated to backhaul. Hence, the truck delivered cost would then be 
computed as follows: 

o Truck delivered cost  

= [(% deadheading) * (Deadhead multiplier * Truck hourly rate * travel time)] 
+ [(1 – % deadheading) * (truck hourly rate * travel time)] 

= [0.75 * (1.5 * 150 $/hr * 4.617 hrs)] + [(1 – 0.75) * (150 $/hr * 4.617 hrs)] 

= $952.19/FEU 

 

• Demurrage costs = $0; East Coast ports do not currently charge demurrage fees 

• Port processing costs at Norfolk (see Table 16) = $211/FEU 

• OGV cost from Norfolk to Europe (see Table 28) = $563.97/FEU 

• Delivered cost (truck, ship) = cload + ctruck + cdemurrage + cport ops + cOGV 

= $100 + $1635 + $0 + $211 + $564 

= $2,510/FEU in the 2040 STIP condition 

= $100 + $952 + $0 + $211 + $564 

= $1,827/FEU in 2040 STIP PLUS condition 

Step 3b. Rail and Ship 

• Check if there is rail between the domestic inland location and the ports. 

o No Class 1 rail to/from Lumberton, therefore rail and ship travel is not a possible 
combination. 

o When rail is available between the NC inland location and the port of interest, 
calculations similar to those done for the (ship, truck) case are performed. The crucial 
difference in the calculations is that rail involves drayage at one or both ends of the 
main haul. 

 

Step 4. Alternate ports 

Repeat steps 2 and 3 for each port of interest.  

 

Step 5. Comparative summary of delivered cost by port used 

Summarize the travel times and costs to each port. Hence, here we would arrive at the following 
table: 
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Table 37: Containerized Pulp Delivered Costs from Lumberton to Europe, 2040 STIP Condition 

Port Travel Time Differential, hrs Delivered Cost, $/FEU
Norfolk 198.29 2,511.65 
Wilmington 175.72 1,216.84 
Charleston 190.30 3,212.64 
Savannah 190.39 2,431.65 

 
Therefore, in this case, if shipping were solely decided based on delivered costs, then the 
containerized pulp from Lumberton should be exported through the Port of Wilmington to 
Europe in the 2040 STIP condition. 
 
 
4.2 Example 2 – A Market Scenario 
 
For each Market Scenario, travel times and costs were calculated for the mix of commodities in 
that group and to/from the various OD pairs.  
 
An output example is shown in Table 38 for the Other Wood Products Market13 with the 
following characteristics: 

• The commodities are cork, paper products, pulp and wood.  

• NC inland locations are Canton, Lumberton, Riegelwood, Roanoke Rapids, and Wilkesboro.  

• For export there are five trade lanes, Africa, Europe, the Mediterranean, Asia via the 
Panama Canal, and Asia via the Suez Canal.  

• For imports, cargo is brought in from the Caribbean, Europe, and South America’s East 
Coast, and Asia via the Panama Canal.  

• Wood products are exported and imports via containers, bulk, breakbulk.  

 

The delivered costs were then calculated (as in Example 1) for the regional ports under each 
condition: 2010, 2040 STIP, and 2040 STIP PLUS. These data were then subjected to 
Economics and Infrastructure analysis. The former focused on economic impacts and benefit-
cost analyses. The latter used the 2010 and 2040 STIP data to revisit the transport network 
routings, determine key gaps, and propose additional road and rail segments that would benefit 
North Carolina’s markets – primarily to its own ports, but also to regional ports when NC ports 
were clearly out-of-reach; these proposed additions were then included in the 2040 STIP PLUS 
analyses and delivered costs were run for them. 

 
 

                                                
 
13 This is separate from the Wood Pellets Market Scenario. 
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Table 38: Example Output for a Single Market Scenario 

EXPORTS 2010          2040 STIP   2040 STIP PLUS 

cost in USD/FEU cost in USD/FEU cost in USD/FEU 
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0 Canton cork_wood AfricaD  $ 3,912   $ 3,226  $ 3,293  $ 3,375  $ 3,702   $ 5,119  $ 5,885  $ 4,249  $ 4,470  $ 4,939   $ 4,624  $ 4,552  $ 3,702  $ 3,590  $ 3,169  $ 3,274  $ 3,574  $ 3,192  $ 3,273 

0 Lumberton cork_wood AfricaD  $ 3,064   $ 2,739  $ 2,805  $ 2,306  $ 2,682   $ 3,736  $ 4,411  $ 3,645  $ 2,396  $ 2,896   $ 2,551  $ 2,482  $ 3,139  $ 3,309  $ 2,884  $ 2,258  $ 2,644  $ 2,176  $ 2,264 

0 Riegelwood cork_wood AfricaD  $ 3,207   $ 2,818  $ 3,053  $ 2,033  $ 2,446   $ 3,451  $ 4,348  $ 3,578  $ 2,025  $ 2,524   $ 2,183  $ 2,204  $ 3,094  $ 3,294  $ 3,087  $ 2,021  $ 2,412  $ 1,939  $ 2,065 

0 Roanoke Rapids cork_wood AfricaD  $ 2,536   $ 3,313  $ 3,379  $ 2,569  $ 2,667   $ 2,708  $ 5,315  $ 4,545  $ 2,899  $ 3,102   $ 3,079  $ 3,115  $ 2,517  $ 4,010  $ 3,585  $ 2,648  $ 2,761  $ 2,682  $ 2,774 

0 Wilkesboro cork_wood AfricaD  $ 3,518   $ 3,440  $ 3,510  $ 3,109  $ 3,312   $ 3,889  $ 5,465  $ 4,065  $ 3,971  $ 4,407   $ 4,126  $ 4,057  $ 3,398  $ 3,905  $ 3,484  $ 3,049  $ 3,267  $ 3,046  $ 3,172 

0 Canton cork_wood EurD  $ 3,912   $ 3,226  $ 3,293  $ 3,375  $ 3,702   $ 5,119  $ 5,885  $ 4,249  $ 4,470  $ 4,939   $ 4,624  $ 4,552  $ 3,702  $ 3,590  $ 3,169  $ 3,274  $ 3,574  $ 3,192  $ 3,273 

0 Lumberton cork_wood EurD  $ 3,064   $ 2,739  $ 2,805  $ 2,306  $ 2,682   $ 3,736  $ 4,411  $ 3,645  $ 2,396  $ 2,896   $ 2,551  $ 2,482  $ 3,139  $ 3,309  $ 2,884  $ 2,258  $ 2,644  $ 2,176  $ 2,264 

0 Riegelwood cork_wood EurD  $ 3,207   $ 2,818  $ 3,053  $ 2,033  $ 2,446   $ 3,451  $ 4,348  $ 3,578  $ 2,025  $ 2,524   $ 2,183  $ 2,204  $ 3,094  $ 3,294  $ 3,087  $ 2,021  $ 2,412  $ 1,939  $ 2,065 

0 Roanoke Rapids cork_wood EurD  $ 2,536   $ 3,313  $ 3,379  $ 2,569  $ 2,667   $ 2,708  $ 5,315  $ 4,545  $ 2,899  $ 3,102   $ 3,079  $ 3,115  $ 2,517  $ 4,010  $ 3,585  $ 2,648  $ 2,761  $ 2,682  $ 2,774 

0 Wilkesboro cork_wood EurD  $ 3,518   $ 3,440  $ 3,510  $ 3,109  $ 3,312   $ 3,889  $ 5,465  $ 4,065  $ 3,971  $ 4,407   $ 4,126  $ 4,057  $ 3,398  $ 3,905  $ 3,484  $ 3,049  $ 3,267  $ 3,046  $ 3,172 

0 Canton cork_wood MedD  $ 3,912   $ 3,226  $ 3,293  $ 3,375  $ 3,702   $ 5,119  $ 5,885  $ 4,249  $ 4,470  $ 4,939   $ 4,624  $ 4,552  $ 3,702  $ 3,590  $ 3,169  $ 3,274  $ 3,574  $ 3,192  $ 3,273 

0 Lumberton cork_wood MedD  $ 3,064   $ 2,739  $ 2,805  $ 2,306  $ 2,682   $ 3,736  $ 4,411  $ 3,645  $ 2,396  $ 2,896   $ 2,551  $ 2,482  $ 3,139  $ 3,309  $ 2,884  $ 2,258  $ 2,644  $ 2,176  $ 2,264 

0 Riegelwood cork_wood MedD  $ 3,207   $ 2,818  $ 3,053  $ 2,033  $ 2,446   $ 3,451  $ 4,348  $ 3,578  $ 2,025  $ 2,524   $ 2,183  $ 2,204  $ 3,094  $ 3,294  $ 3,087  $ 2,021  $ 2,412  $ 1,939  $ 2,065 

0 Roanoke Rapids cork_wood MedD  $ 2,536   $ 3,313  $ 3,379  $ 2,569  $ 2,667   $ 2,708  $ 5,315  $ 4,545  $ 2,899  $ 3,102   $ 3,079  $ 3,115  $ 2,517  $ 4,010  $ 3,585  $ 2,648  $ 2,761  $ 2,682  $ 2,774 

0 Wilkesboro cork_wood MedD  $ 3,518   $ 3,440  $ 3,510  $ 3,109  $ 3,312   $ 3,889  $ 5,465  $ 4,065  $ 3,971  $ 4,407   $ 4,126  $ 4,057  $ 3,398  $ 3,905  $ 3,484  $ 3,049  $ 3,267  $ 3,046  $ 3,172 

1 Canton cork_wood AsiaP  $ 2,297   $ 1,534  $ 1,681  $ 1,903 n/a  $ 3,505  $ 4,294  $ 2,637  $ 2,998  $ 3,533   $ 3,218  $ 3,130  $ 2,087  $ 1,999  $ 1,462  $ 1,802  $ 2,168  $ 1,786  $ 1,851 

1 Lumberton cork_wood AsiaP  $ 1,369   $ 1,087  $ 1,129  $    764 n/a  $ 2,121  $ 2,821  $ 2,033  $    839  $ 1,404   $ 1,087  $    960  $ 1,438  $ 1,718  $ 1,201  $    693  $ 1,173  $    692  $    747 

1 Riegelwood cork_wood AsiaP  $ 1,500   $ 1,159  $ 1,356  $    524 n/a  $ 1,836  $ 2,757  $ 1,966  $    518  $ 1,063   $    697  $    702  $ 1,397  $ 1,703  $ 1,387  $    516  $    915  $    515  $    598 

1 Roanoke Rapids cork_wood AsiaP  $    848   $ 1,722  $ 1,767  $ 1,040 n/a  $    992  $ 3,724  $ 2,933  $ 1,342  $ 1,593   $ 1,572  $ 1,591  $    833  $ 2,419  $ 1,973  $ 1,112  $ 1,280  $ 1,208  $ 1,278 

1 Wilkesboro cork_wood AsiaP  $ 1,903   $ 1,849  $ 1,898  $ 1,535 n/a  $ 2,275  $ 3,874  $ 2,453  $ 2,499  $ 3,001   $ 2,720  $ 2,635  $ 1,783  $ 2,314  $ 1,872  $ 1,480  $ 1,861  $ 1,541  $ 1,750 

1 Canton cork_wood EurD  $ 2,688   $ 1,926  $ 2,079  $ 2,281 n/a  $ 3,895  $ 4,686  $ 3,035  $ 3,376  $ 3,911   $ 3,596  $ 3,511  $ 2,478  $ 2,391  $ 1,861  $ 2,179  $ 2,546  $ 2,163  $ 2,233 

1 Lumberton cork_wood EurD  $ 1,760   $ 1,479  $ 1,527  $ 1,142 n/a  $ 2,512  $ 3,213  $ 2,432  $ 1,217  $ 1,781   $ 1,465  $ 1,341  $ 1,829  $ 2,110  $ 1,599  $ 1,070  $ 1,551  $ 1,069  $ 1,128 

1 Riegelwood cork_wood EurD  $ 1,891   $ 1,551  $ 1,754  $    902 n/a  $ 2,227  $ 3,149  $ 2,364  $    896  $ 1,441   $ 1,075  $ 1,083  $ 1,788  $ 2,095  $ 1,785  $    893  $ 1,292  $    892  $    979 

1 Roanoke Rapids cork_wood EurD  $ 1,239   $ 2,114  $ 2,165  $ 1,417 n/a  $ 1,383  $ 4,116  $ 3,332  $ 1,720  $ 1,970   $ 1,950  $ 1,972  $ 1,224  $ 2,811  $ 2,372  $ 1,490  $ 1,657  $ 1,585  $ 1,660 

1 Wilkesboro cork_wood EurD  $ 2,294   $ 2,241  $ 2,297  $ 1,912 n/a  $ 2,665  $ 4,266  $ 2,852  $ 2,877  $ 3,378   $ 3,097  $ 3,016  $ 2,174  $ 2,706  $ 2,270  $ 1,857  $ 2,238  $ 1,919  $ 2,131 

1 Canton cork_wood MedD  $ 2,688   $ 1,926  $ 2,079  $ 2,281 n/a  $ 3,895  $ 4,686  $ 3,035  $ 3,376  $ 3,911   $ 3,596  $ 3,511  $ 2,478  $ 2,391  $ 1,861  $ 2,179  $ 2,546  $ 2,163  $ 2,233 

1 Lumberton cork_wood MedD  $ 1,760   $ 1,479  $ 1,527  $ 1,142 n/a  $ 2,512  $ 3,213  $ 2,432  $ 1,217  $ 1,781   $ 1,465  $ 1,341  $ 1,829  $ 2,110  $ 1,599  $ 1,070  $ 1,551  $ 1,069  $ 1,128 

1 Riegelwood cork_wood MedD  $ 1,891   $ 1,551  $ 1,754  $    902 n/a  $ 2,227  $ 3,149  $ 2,364  $    896  $ 1,441   $ 1,075  $ 1,083  $ 1,788  $ 2,095  $ 1,785  $    893  $ 1,292  $    892  $    979 

1 Roanoke Rapids cork_wood MedD  $ 1,239   $ 2,114  $ 2,165  $ 1,417 n/a  $ 1,383  $ 4,116  $ 3,332  $ 1,720  $ 1,970   $ 1,950  $ 1,972  $ 1,224  $ 2,811  $ 2,372  $ 1,490  $ 1,657  $ 1,585  $ 1,660 

1 Wilkesboro cork_wood MedD  $ 2,294   $ 2,241  $ 2,297  $ 1,912 n/a  $ 2,665  $ 4,266  $ 2,852  $ 2,877  $ 3,378   $ 3,097  $ 3,016  $ 2,174  $ 2,706  $ 2,270  $ 1,857  $ 2,238  $ 1,919  $ 2,131 
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EXPORTS 2010          2040 STIP   2040 STIP PLUS 

cost in USD/FEU cost in USD/FEU cost in USD/FEU 
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0 Canton paper_products AfricaD  $ 3,912   $ 3,226  $ 3,293  $ 3,375  $ 3,702   $ 5,119  $ 5,885  $ 4,249  $ 4,470  $ 4,939   $ 4,624  $ 4,552  $ 3,702  $ 3,590  $ 3,169  $ 3,274  $ 3,574  $ 3,192  $ 3,273 

0 Lumberton paper_products AfricaD  $ 3,064   $ 2,739  $ 2,805  $ 2,306  $ 2,682   $ 3,736  $ 4,411  $ 3,645  $ 2,396  $ 2,896   $ 2,551  $ 2,482  $ 3,139  $ 3,309  $ 2,884  $ 2,258  $ 2,644  $ 2,176  $ 2,264 

0 Riegelwood paper_products AfricaD  $ 3,207   $ 2,818  $ 3,053  $ 2,033  $ 2,446   $ 3,451  $ 4,348  $ 3,578  $ 2,025  $ 2,524   $ 2,183  $ 2,204  $ 3,094  $ 3,294  $ 3,087  $ 2,021  $ 2,412  $ 1,939  $ 2,065 

0 Roanoke Rapids paper_products AfricaD  $ 2,536   $ 3,313  $ 3,379  $ 2,569  $ 2,667   $ 2,708  $ 5,315  $ 4,545  $ 2,899  $ 3,102   $ 3,079  $ 3,115  $ 2,517  $ 4,010  $ 3,585  $ 2,648  $ 2,761  $ 2,682  $ 2,774 

0 Wilkesboro paper_products AfricaD  $ 3,518   $ 3,440  $ 3,510  $ 3,109  $ 3,312   $ 3,889  $ 5,465  $ 4,065  $ 3,971  $ 4,407   $ 4,126  $ 4,057  $ 3,398  $ 3,905  $ 3,484  $ 3,049  $ 3,267  $ 3,046  $ 3,172 

0 Canton paper_products AsiaP  $ 2,702   $ 2,013  $ 2,060  $ 2,207  $ 2,534   $ 3,910  $ 4,672  $ 3,017  $ 3,302  $ 3,771   $ 3,456  $ 3,371  $ 2,492  $ 2,377  $ 1,937  $ 2,106  $ 2,406  $ 2,024  $ 2,092 

0 Lumberton paper_products AsiaP  $ 1,855   $ 1,525  $ 1,573  $ 1,138  $ 1,514   $ 2,526  $ 3,198  $ 2,413  $ 1,228  $ 1,727   $ 1,382  $ 1,301  $ 1,930  $ 2,095  $ 1,652  $ 1,089  $ 1,476  $ 1,007  $ 1,084 

0 Riegelwood paper_products AsiaP  $ 1,997   $ 1,604  $ 1,820  $    864  $ 1,277   $ 2,241  $ 3,134  $ 2,345  $    857  $ 1,356   $ 1,015  $ 1,024  $ 1,885  $ 2,080  $ 1,854  $    853  $ 1,244  $    771  $    885 

0 Roanoke Rapids paper_products AsiaP  $ 1,326   $ 2,099  $ 2,147  $ 1,401  $ 1,499   $ 1,499  $ 4,102  $ 3,313  $ 1,731  $ 1,934   $ 1,911  $ 1,935  $ 1,307  $ 2,797  $ 2,353  $ 1,479  $ 1,592  $ 1,514  $ 1,594 

0 Wilkesboro paper_products AsiaP  $ 2,309   $ 2,227  $ 2,278  $ 1,941  $ 2,144   $ 2,680  $ 4,252  $ 2,833  $ 2,803  $ 3,239   $ 2,957  $ 2,876  $ 2,189  $ 2,692  $ 2,252  $ 1,881  $ 2,099  $ 1,877  $ 1,991 

0 Canton paper_products AsiaS  $ 3,912   $ 3,226  $ 3,293  $ 3,375  $ 3,702   $ 5,119  $ 5,885  $ 4,249  $ 4,470  $ 4,939   $ 4,624  $ 4,552  $ 3,702  $ 3,590  $ 3,169  $ 3,274  $ 3,574  $ 3,192  $ 3,273 

0 Lumberton paper_products AsiaS  $ 3,064   $ 2,739  $ 2,805  $ 2,306  $ 2,682   $ 3,736  $ 4,411  $ 3,645  $ 2,396  $ 2,896   $ 2,551  $ 2,482  $ 3,139  $ 3,309  $ 2,884  $ 2,258  $ 2,644  $ 2,176  $ 2,264 

0 Riegelwood paper_products AsiaS  $ 3,207   $ 2,818  $ 3,053  $ 2,033  $ 2,446   $ 3,451  $ 4,348  $ 3,578  $ 2,025  $ 2,524   $ 2,183  $ 2,204  $ 3,094  $ 3,294  $ 3,087  $ 2,021  $ 2,412  $ 1,939  $ 2,065 

0 Roanoke Rapids paper_products AsiaS  $ 2,536   $ 3,313  $ 3,379  $ 2,569  $ 2,667   $ 2,708  $ 5,315  $ 4,545  $ 2,899  $ 3,102   $ 3,079  $ 3,115  $ 2,517  $ 4,010  $ 3,585  $ 2,648  $ 2,761  $ 2,682  $ 2,774 

0 Wilkesboro paper_products AsiaS  $ 3,518   $ 3,440  $ 3,510  $ 3,109  $ 3,312   $ 3,889  $ 5,465  $ 4,065  $ 3,971  $ 4,407   $ 4,126  $ 4,057  $ 3,398  $ 3,905  $ 3,484  $ 3,049  $ 3,267  $ 3,046  $ 3,172 

0 Canton paper_products EurD  $ 3,912   $ 3,226  $ 3,293  $ 3,375  $ 3,702   $ 5,119  $ 5,885  $ 4,249  $ 4,470  $ 4,939   $ 4,624  $ 4,552  $ 3,702  $ 3,590  $ 3,169  $ 3,274  $ 3,574  $ 3,192  $ 3,273 

0 Lumberton paper_products EurD  $ 3,064   $ 2,739  $ 2,805  $ 2,306  $ 2,682   $ 3,736  $ 4,411  $ 3,645  $ 2,396  $ 2,896   $ 2,551  $ 2,482  $ 3,139  $ 3,309  $ 2,884  $ 2,258  $ 2,644  $ 2,176  $ 2,264 

0 Riegelwood paper_products EurD  $ 3,207   $ 2,818  $ 3,053  $ 2,033  $ 2,446   $ 3,451  $ 4,348  $ 3,578  $ 2,025  $ 2,524   $ 2,183  $ 2,204  $ 3,094  $ 3,294  $ 3,087  $ 2,021  $ 2,412  $ 1,939  $ 2,065 

0 Roanoke Rapids paper_products EurD  $ 2,536   $ 3,313  $ 3,379  $ 2,569  $ 2,667   $ 2,708  $ 5,315  $ 4,545  $ 2,899  $ 3,102   $ 3,079  $ 3,115  $ 2,517  $ 4,010  $ 3,585  $ 2,648  $ 2,761  $ 2,682  $ 2,774 

0 Wilkesboro paper_products EurD  $ 3,518   $ 3,440  $ 3,510  $ 3,109  $ 3,312   $ 3,889  $ 5,465  $ 4,065  $ 3,971  $ 4,407   $ 4,126  $ 4,057  $ 3,398  $ 3,905  $ 3,484  $ 3,049  $ 3,267  $ 3,046  $ 3,172 

0 Canton paper_products MedD  $ 3,912   $ 3,226  $ 3,293  $ 3,375  $ 3,702   $ 5,119  $ 5,885  $ 4,249  $ 4,470  $ 4,939   $ 4,624  $ 4,552  $ 3,702  $ 3,590  $ 3,169  $ 3,274  $ 3,574  $ 3,192  $ 3,273 

0 Lumberton paper_products MedD  $ 3,064   $ 2,739  $ 2,805  $ 2,306  $ 2,682   $ 3,736  $ 4,411  $ 3,645  $ 2,396  $ 2,896   $ 2,551  $ 2,482  $ 3,139  $ 3,309  $ 2,884  $ 2,258  $ 2,644  $ 2,176  $ 2,264 

0 Riegelwood paper_products MedD  $ 3,207   $ 2,818  $ 3,053  $ 2,033  $ 2,446   $ 3,451  $ 4,348  $ 3,578  $ 2,025  $ 2,524   $ 2,183  $ 2,204  $ 3,094  $ 3,294  $ 3,087  $ 2,021  $ 2,412  $ 1,939  $ 2,065 

0 Roanoke Rapids paper_products MedD  $ 2,536   $ 3,313  $ 3,379  $ 2,569  $ 2,667   $ 2,708  $ 5,315  $ 4,545  $ 2,899  $ 3,102   $ 3,079  $ 3,115  $ 2,517  $ 4,010  $ 3,585  $ 2,648  $ 2,761  $ 2,682  $ 2,774 

0 Wilkesboro paper_products MedD  $ 3,518   $ 3,440  $ 3,510  $ 3,109  $ 3,312   $ 3,889  $ 5,465  $ 4,065  $ 3,971  $ 4,407   $ 4,126  $ 4,057  $ 3,398  $ 3,905  $ 3,484  $ 3,049  $ 3,267  $ 3,046  $ 3,172 

1 Canton paper_products AsiaP  $ 2,297   $ 1,534  $ 1,681  $ 1,903 n/a  $ 3,505  $ 4,294  $ 2,637  $ 2,998  $ 3,533   $ 3,218  $ 3,130  $ 2,087  $ 1,999  $ 1,462  $ 1,802  $ 2,168  $ 1,786  $ 1,851 

1 Lumberton paper_products AsiaP  $ 1,369   $ 1,087  $ 1,129  $    764 n/a  $ 2,121  $ 2,821  $ 2,033  $    839  $ 1,404   $ 1,087  $    960  $ 1,438  $ 1,718  $ 1,201  $    693  $ 1,173  $    692  $    747 

1 Riegelwood paper_products AsiaP  $ 1,500   $ 1,159  $ 1,356  $    524 n/a  $ 1,836  $ 2,757  $ 1,966  $    518  $ 1,063   $    697  $    702  $ 1,397  $ 1,703  $ 1,387  $    516  $    915  $    515  $    598 

1 Roanoke Rapids paper_products AsiaP  $    848   $ 1,722  $ 1,767  $ 1,040 n/a  $    992  $ 3,724  $ 2,933  $ 1,342  $ 1,593   $ 1,572  $ 1,591  $    833  $ 2,419  $ 1,973  $ 1,112  $ 1,280  $ 1,208  $ 1,278 

1 Wilkesboro paper_products AsiaP  $ 1,903   $ 1,849  $ 1,898  $ 1,535 n/a  $ 2,275  $ 3,874  $ 2,453  $ 2,499  $ 3,001   $ 2,720  $ 2,635  $ 1,783  $ 2,314  $ 1,872  $ 1,480  $ 1,861  $ 1,541  $ 1,750 

1 Canton paper_products AsiaS  $ 2,688   $ 1,926  $ 2,079  $ 2,281 n/a  $ 3,895  $ 4,686  $ 3,035  $ 3,376  $ 3,911   $ 3,596  $ 3,511  $ 2,478  $ 2,391  $ 1,861  $ 2,179  $ 2,546  $ 2,163  $ 2,233 
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 Delivered Cost Model 

EXPORTS 2010          2040 STIP   2040 STIP PLUS 

cost in USD/FEU cost in USD/FEU cost in USD/FEU 
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1 Lumberton paper_products AsiaS  $ 1,760   $ 1,479  $ 1,527  $ 1,142 n/a  $ 2,512  $ 3,213  $ 2,432  $ 1,217  $ 1,781   $ 1,465  $ 1,341  $ 1,829  $ 2,110  $ 1,599  $ 1,070  $ 1,551  $ 1,069  $ 1,128 

1 Riegelwood paper_products AsiaS  $ 1,891   $ 1,551  $ 1,754  $    902 n/a  $ 2,227  $ 3,149  $ 2,364  $    896  $ 1,441   $ 1,075  $ 1,083  $ 1,788  $ 2,095  $ 1,785  $    893  $ 1,292  $    892  $    979 

1 Roanoke Rapids paper_products AsiaS  $ 1,239   $ 2,114  $ 2,165  $ 1,417 n/a  $ 1,383  $ 4,116  $ 3,332  $ 1,720  $ 1,970   $ 1,950  $ 1,972  $ 1,224  $ 2,811  $ 2,372  $ 1,490  $ 1,657  $ 1,585  $ 1,660 

1 Wilkesboro paper_products AsiaS  $ 2,294   $ 2,241  $ 2,297  $ 1,912 n/a  $ 2,665  $ 4,266  $ 2,852  $ 2,877  $ 3,378   $ 3,097  $ 3,016  $ 2,174  $ 2,706  $ 2,270  $ 1,857  $ 2,238  $ 1,919  $ 2,131 

1 Canton paper_products EurD  $ 2,688   $ 1,926  $ 2,079  $ 2,281 n/a  $ 3,895  $ 4,686  $ 3,035  $ 3,376  $ 3,911   $ 3,596  $ 3,511  $ 2,478  $ 2,391  $ 1,861  $ 2,179  $ 2,546  $ 2,163  $ 2,233 

1 Lumberton paper_products EurD  $ 1,760   $ 1,479  $ 1,527  $ 1,142 n/a  $ 2,512  $ 3,213  $ 2,432  $ 1,217  $ 1,781   $ 1,465  $ 1,341  $ 1,829  $ 2,110  $ 1,599  $ 1,070  $ 1,551  $ 1,069  $ 1,128 

1 Riegelwood paper_products EurD  $ 1,891   $ 1,551  $ 1,754  $    902 n/a  $ 2,227  $ 3,149  $ 2,364  $    896  $ 1,441   $ 1,075  $ 1,083  $ 1,788  $ 2,095  $ 1,785  $    893  $ 1,292  $    892  $    979 

1 Roanoke Rapids paper_products EurD  $ 1,239   $ 2,114  $ 2,165  $ 1,417 n/a  $ 1,383  $ 4,116  $ 3,332  $ 1,720  $ 1,970   $ 1,950  $ 1,972  $ 1,224  $ 2,811  $ 2,372  $ 1,490  $ 1,657  $ 1,585  $ 1,660 

1 Wilkesboro paper_products EurD  $ 2,294   $ 2,241  $ 2,297  $ 1,912 n/a  $ 2,665  $ 4,266  $ 2,852  $ 2,877  $ 3,378   $ 3,097  $ 3,016  $ 2,174  $ 2,706  $ 2,270  $ 1,857  $ 2,238  $ 1,919  $ 2,131 

1 Canton paper_products MedD  $ 2,688   $ 1,926  $ 2,079  $ 2,281 n/a  $ 3,895  $ 4,686  $ 3,035  $ 3,376  $ 3,911   $ 3,596  $ 3,511  $ 2,478  $ 2,391  $ 1,861  $ 2,179  $ 2,546  $ 2,163  $ 2,233 

1 Lumberton paper_products MedD  $ 1,760   $ 1,479  $ 1,527  $ 1,142 n/a  $ 2,512  $ 3,213  $ 2,432  $ 1,217  $ 1,781   $ 1,465  $ 1,341  $ 1,829  $ 2,110  $ 1,599  $ 1,070  $ 1,551  $ 1,069  $ 1,128 

1 Riegelwood paper_products MedD  $ 1,891   $ 1,551  $ 1,754  $    902 n/a  $ 2,227  $ 3,149  $ 2,364  $    896  $ 1,441   $ 1,075  $ 1,083  $ 1,788  $ 2,095  $ 1,785  $    893  $ 1,292  $    892  $    979 

1 Roanoke Rapids paper_products MedD  $ 1,239   $ 2,114  $ 2,165  $ 1,417 n/a  $ 1,383  $ 4,116  $ 3,332  $ 1,720  $ 1,970   $ 1,950  $ 1,972  $ 1,224  $ 2,811  $ 2,372  $ 1,490  $ 1,657  $ 1,585  $ 1,660 

1 Wilkesboro paper_products MedD  $ 2,294   $ 2,241  $ 2,297  $ 1,912 n/a  $ 2,665  $ 4,266  $ 2,852  $ 2,877  $ 3,378   $ 3,097  $ 3,016  $ 2,174  $ 2,706  $ 2,270  $ 1,857  $ 2,238  $ 1,919  $ 2,131 

0 Canton pulp AsiaP  $ 2,702   $ 2,013  $ 2,060  $ 2,207  $ 2,534   $ 3,910  $ 4,672  $ 3,017  $ 3,302  $ 3,771   $ 3,456  $ 3,371  $ 2,492  $ 2,377  $ 1,937  $ 2,106  $ 2,406  $ 2,024  $ 2,092 

0 Lumberton pulp AsiaP  $ 1,855   $ 1,525  $ 1,573  $ 1,138  $ 1,514   $ 2,526  $ 3,198  $ 2,413  $ 1,228  $ 1,727   $ 1,382  $ 1,301  $ 1,930  $ 2,095  $ 1,652  $ 1,089  $ 1,476  $ 1,007  $ 1,084 

0 Riegelwood pulp AsiaP  $ 1,997   $ 1,604  $ 1,820  $    864  $ 1,277   $ 2,241  $ 3,134  $ 2,345  $    857  $ 1,356   $ 1,015  $ 1,024  $ 1,885  $ 2,080  $ 1,854  $    853  $ 1,244  $    771  $    885 

0 Roanoke Rapids pulp AsiaP  $ 1,326   $ 2,099  $ 2,147  $ 1,401  $ 1,499   $ 1,499  $ 4,102  $ 3,313  $ 1,731  $ 1,934   $ 1,911  $ 1,935  $ 1,307  $ 2,797  $ 2,353  $ 1,479  $ 1,592  $ 1,514  $ 1,594 

0 Wilkesboro pulp AsiaP  $ 2,309   $ 2,227  $ 2,278  $ 1,941  $ 2,144   $ 2,680  $ 4,252  $ 2,833  $ 2,803  $ 3,239   $ 2,957  $ 2,876  $ 2,189  $ 2,692  $ 2,252  $ 1,881  $ 2,099  $ 1,877  $ 1,991 

0 Canton pulp EurD  $ 3,912   $ 3,226  $ 3,293  $ 3,375  $ 3,702   $ 5,119  $ 5,885  $ 4,249  $ 4,470  $ 4,939   $ 4,624  $ 4,552  $ 3,702  $ 3,590  $ 3,169  $ 3,274  $ 3,574  $ 3,192  $ 3,273 

0 Lumberton pulp EurD  $ 3,064   $ 2,739  $ 2,805  $ 2,306  $ 2,682   $ 3,736  $ 4,411  $ 3,645  $ 2,396  $ 2,896   $ 2,551  $ 2,482  $ 3,139  $ 3,309  $ 2,884  $ 2,258  $ 2,644  $ 2,176  $ 2,264 

0 Riegelwood pulp EurD  $ 3,207   $ 2,818  $ 3,053  $ 2,033  $ 2,446   $ 3,451  $ 4,348  $ 3,578  $ 2,025  $ 2,524   $ 2,183  $ 2,204  $ 3,094  $ 3,294  $ 3,087  $ 2,021  $ 2,412  $ 1,939  $ 2,065 

0 Roanoke Rapids pulp EurD  $ 2,536   $ 3,313  $ 3,379  $ 2,569  $ 2,667   $ 2,708  $ 5,315  $ 4,545  $ 2,899  $ 3,102   $ 3,079  $ 3,115  $ 2,517  $ 4,010  $ 3,585  $ 2,648  $ 2,761  $ 2,682  $ 2,774 

0 Wilkesboro pulp EurD  $ 3,518   $ 3,440  $ 3,510  $ 3,109  $ 3,312   $ 3,889  $ 5,465  $ 4,065  $ 3,971  $ 4,407   $ 4,126  $ 4,057  $ 3,398  $ 3,905  $ 3,484  $ 3,049  $ 3,267  $ 3,046  $ 3,172 

0 Canton pulp MedD  $ 3,912   $ 3,226  $ 3,293  $ 3,375  $ 3,702   $ 5,119  $ 5,885  $ 4,249  $ 4,470  $ 4,939   $ 4,624  $ 4,552  $ 3,702  $ 3,590  $ 3,169  $ 3,274  $ 3,574  $ 3,192  $ 3,273 

0 Lumberton pulp MedD  $ 3,064   $ 2,739  $ 2,805  $ 2,306  $ 2,682   $ 3,736  $ 4,411  $ 3,645  $ 2,396  $ 2,896   $ 2,551  $ 2,482  $ 3,139  $ 3,309  $ 2,884  $ 2,258  $ 2,644  $ 2,176  $ 2,264 

0 Riegelwood pulp MedD  $ 3,207   $ 2,818  $ 3,053  $ 2,033  $ 2,446   $ 3,451  $ 4,348  $ 3,578  $ 2,025  $ 2,524   $ 2,183  $ 2,204  $ 3,094  $ 3,294  $ 3,087  $ 2,021  $ 2,412  $ 1,939  $ 2,065 

0 Roanoke Rapids pulp MedD  $ 2,536   $ 3,313  $ 3,379  $ 2,569  $ 2,667   $ 2,708  $ 5,315  $ 4,545  $ 2,899  $ 3,102   $ 3,079  $ 3,115  $ 2,517  $ 4,010  $ 3,585  $ 2,648  $ 2,761  $ 2,682  $ 2,774 

0 Wilkesboro pulp MedD  $ 3,518   $ 3,440  $ 3,510  $ 3,109  $ 3,312   $ 3,889  $ 5,465  $ 4,065  $ 3,971  $ 4,407   $ 4,126  $ 4,057  $ 3,398  $ 3,905  $ 3,484  $ 3,049  $ 3,267  $ 3,046  $ 3,172 

1 Canton pulp AsiaP  $ 2,297   $ 1,534  $ 1,681  $ 1,903 n/a  $ 3,505  $ 4,294  $ 2,637  $ 2,998  $ 3,533   $ 3,218  $ 3,130  $ 2,087  $ 1,999  $ 1,462  $ 1,802  $ 2,168  $ 1,786  $ 1,851 

1 Lumberton pulp AsiaP  $ 1,369   $ 1,087  $ 1,129  $    764 n/a  $ 2,121  $ 2,821  $ 2,033  $    839  $ 1,404   $ 1,087  $    960  $ 1,438  $ 1,718  $ 1,201  $    693  $ 1,173  $    692  $    747 
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EXPORTS 2010          2040 STIP   2040 STIP PLUS 

cost in USD/FEU cost in USD/FEU cost in USD/FEU 
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1 Riegelwood pulp AsiaP  $ 1,500   $ 1,159  $ 1,356  $    524 n/a  $ 1,836  $ 2,757  $ 1,966  $    518  $ 1,063   $    697  $    702  $ 1,397  $ 1,703  $ 1,387  $    516  $    915  $    515  $    598 

1 Roanoke Rapids pulp AsiaP  $    848   $ 1,722  $ 1,767  $ 1,040 n/a  $    992  $ 3,724  $ 2,933  $ 1,342  $ 1,593   $ 1,572  $ 1,591  $    833  $ 2,419  $ 1,973  $ 1,112  $ 1,280  $ 1,208  $ 1,278 

1 Wilkesboro pulp AsiaP  $ 1,903   $ 1,849  $ 1,898  $ 1,535 n/a  $ 2,275  $ 3,874  $ 2,453  $ 2,499  $ 3,001   $ 2,720  $ 2,635  $ 1,783  $ 2,314  $ 1,872  $ 1,480  $ 1,861  $ 1,541  $ 1,750 

1 Canton pulp EurD  $ 2,688   $ 1,926  $ 2,079  $ 2,281 n/a  $ 3,895  $ 4,686  $ 3,035  $ 3,376  $ 3,911   $ 3,596  $ 3,511  $ 2,478  $ 2,391  $ 1,861  $ 2,179  $ 2,546  $ 2,163  $ 2,233 

1 Lumberton pulp EurD  $ 1,760   $ 1,479  $ 1,527  $ 1,142 n/a  $ 2,512  $ 3,213  $ 2,432  $ 1,217  $ 1,781   $ 1,465  $ 1,341  $ 1,829  $ 2,110  $ 1,599  $ 1,070  $ 1,551  $ 1,069  $ 1,128 

1 Riegelwood pulp EurD  $ 1,891   $ 1,551  $ 1,754  $    902 n/a  $ 2,227  $ 3,149  $ 2,364  $    896  $ 1,441   $ 1,075  $ 1,083  $ 1,788  $ 2,095  $ 1,785  $    893  $ 1,292  $    892  $    979 

1 Roanoke Rapids pulp EurD  $ 1,239   $ 2,114  $ 2,165  $ 1,417 n/a  $ 1,383  $ 4,116  $ 3,332  $ 1,720  $ 1,970   $ 1,950  $ 1,972  $ 1,224  $ 2,811  $ 2,372  $ 1,490  $ 1,657  $ 1,585  $ 1,660 

1 Wilkesboro pulp EurD  $ 2,294   $ 2,241  $ 2,297  $ 1,912 n/a  $ 2,665  $ 4,266  $ 2,852  $ 2,877  $ 3,378   $ 3,097  $ 3,016  $ 2,174  $ 2,706  $ 2,270  $ 1,857  $ 2,238  $ 1,919  $ 2,131 

1 Canton pulp MedD  $ 2,688   $ 1,926  $ 2,079  $ 2,281 n/a  $ 3,895  $ 4,686  $ 3,035  $ 3,376  $ 3,911   $ 3,596  $ 3,511  $ 2,478  $ 2,391  $ 1,861  $ 2,179  $ 2,546  $ 2,163  $ 2,233 

1 Lumberton pulp MedD  $ 1,760   $ 1,479  $ 1,527  $ 1,142 n/a  $ 2,512  $ 3,213  $ 2,432  $ 1,217  $ 1,781   $ 1,465  $ 1,341  $ 1,829  $ 2,110  $ 1,599  $ 1,070  $ 1,551  $ 1,069  $ 1,128 

1 Riegelwood pulp MedD  $ 1,891   $ 1,551  $ 1,754  $    902 n/a  $ 2,227  $ 3,149  $ 2,364  $    896  $ 1,441   $ 1,075  $ 1,083  $ 1,788  $ 2,095  $ 1,785  $    893  $ 1,292  $    892  $    979 

1 Roanoke Rapids pulp MedD  $ 1,239   $ 2,114  $ 2,165  $ 1,417 n/a  $ 1,383  $ 4,116  $ 3,332  $ 1,720  $ 1,970   $ 1,950  $ 1,972  $ 1,224  $ 2,811  $ 2,372  $ 1,490  $ 1,657  $ 1,585  $ 1,660 

1 Wilkesboro pulp MedD  $ 2,294   $ 2,241  $ 2,297  $ 1,912 n/a  $ 2,665  $ 4,266  $ 2,852  $ 2,877  $ 3,378   $ 3,097  $ 3,016  $ 2,174  $ 2,706  $ 2,270  $ 1,857  $ 2,238  $ 1,919  $ 2,131 
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IMPORTS 2010          2040 STIP  2040 STIP PLUS 

cost in USD/FEU cost in USD/FEU cost in USD/FEU 
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0 Canton cork_wood EurD  $ 3,912   $ 3,226  $ 3,293  $ 3,375  $ 3,702   $ 5,119  $ 5,885  $ 4,249  $ 4,470  $ 4,939   $ 4,624  $ 4,552  $ 3,702  $ 3,590  $ 3,169  $ 3,274  $ 3,574  $ 3,192  $ 3,273 

0 Lumberton cork_wood EurD  $ 3,064   $ 2,739  $ 2,805  $ 2,306  $ 2,682   $ 3,736  $ 4,411  $ 3,645  $ 2,396  $ 2,896   $ 2,551  $ 2,482  $ 3,139  $ 3,309  $ 2,884  $ 2,258  $ 2,644  $ 2,176  $ 2,264 

0 Riegelwood cork_wood EurD  $ 3,207   $ 2,818  $ 3,053  $ 2,033  $ 2,446   $ 3,451  $ 4,348  $ 3,578  $ 2,025  $ 2,524   $ 2,183  $ 2,204  $ 3,094  $ 3,294  $ 3,087  $ 2,021  $ 2,412  $ 1,939  $ 2,065 

0 Roanoke Rapids cork_wood EurD  $ 2,536   $ 3,313  $ 3,379  $ 2,569  $ 2,667   $ 2,708  $ 5,315  $ 4,545  $ 2,899  $ 3,102   $ 3,079  $ 3,115  $ 2,517  $ 4,010  $ 3,585  $ 2,648  $ 2,761  $ 2,682  $ 2,774 

0 Wilkesboro cork_wood EurD  $ 3,518   $ 3,440  $ 3,510  $ 3,109  $ 3,312   $ 3,889  $ 5,465  $ 4,065  $ 3,971  $ 4,407   $ 4,126  $ 4,057  $ 3,398  $ 3,905  $ 3,484  $ 3,049  $ 3,267  $ 3,046  $ 3,172 

1 Canton cork_wood CaribD  $ 2,297   $ 1,534  $ 1,681  $ 1,903  n/a  $ 3,505  $ 4,294  $ 2,637  $ 2,998  $ 3,533   $ 3,218  $ 3,130  $ 2,087  $ 1,999  $ 1,462  $ 1,802  $ 2,168  $ 1,786  $ 1,851 

1 Lumberton cork_wood CaribD  $ 1,369   $ 1,087  $ 1,129  $    764 n/a  $ 2,121  $ 2,821  $ 2,033  $    839  $ 1,404   $ 1,087  $    960  $ 1,438  $ 1,718  $ 1,201  $    693  $ 1,173  $    692  $    747 

1 Riegelwood cork_wood CaribD  $ 1,500   $ 1,159  $ 1,356  $    524 n/a  $ 1,836  $ 2,757  $ 1,966  $    518  $ 1,063   $    697  $    702  $ 1,397  $ 1,703  $ 1,387  $    516  $    915  $    515  $    598 

1 Roanoke Rapids cork_wood CaribD  $    848   $ 1,722  $ 1,767  $ 1,040 n/a  $    992  $ 3,724  $ 2,933  $ 1,342  $ 1,593   $ 1,572  $ 1,591  $    833  $ 2,419  $ 1,973  $ 1,112  $ 1,280  $ 1,208  $ 1,278 

1 Wilkesboro cork_wood CaribD  $ 1,903   $ 1,849  $ 1,898  $ 1,535 n/a  $ 2,275  $ 3,874  $ 2,453  $ 2,499  $ 3,001   $ 2,720  $ 2,635  $ 1,783  $ 2,314  $ 1,872  $ 1,480  $ 1,861  $ 1,541  $ 1,750 

0 Canton cork_wood AsiaP  $ 2,702   $ 2,013  $ 2,060  $ 2,207  $ 2,534   $ 3,910  $ 4,672  $ 3,017  $ 3,302  $ 3,771   $ 3,456  $ 3,371  $ 2,492  $ 2,377  $ 1,937  $ 2,106  $ 2,406  $ 2,024  $ 2,092 

0 Lumberton cork_wood AsiaP  $ 1,855   $ 1,525  $ 1,573  $ 1,138  $ 1,514   $ 2,526  $ 3,198  $ 2,413  $ 1,228  $ 1,727   $ 1,382  $ 1,301  $ 1,930  $ 2,095  $ 1,652  $ 1,089  $ 1,476  $ 1,007  $ 1,084 

0 Riegelwood cork_wood AsiaP  $ 1,997   $ 1,604  $ 1,820  $    864  $ 1,277   $ 2,241  $ 3,134  $ 2,345  $    857  $ 1,356   $ 1,015  $ 1,024  $ 1,885  $ 2,080  $ 1,854  $    853  $ 1,244  $    771  $    885 

0 Roanoke Rapids cork_wood AsiaP  $ 1,326   $ 2,099  $ 2,147  $ 1,401  $ 1,499   $ 1,499  $ 4,102  $ 3,313  $ 1,731  $ 1,934   $ 1,911  $ 1,935  $ 1,307  $ 2,797  $ 2,353  $ 1,479  $ 1,592  $ 1,514  $ 1,594 

0 Wilkesboro cork_wood AsiaP  $ 2,309   $ 2,227  $ 2,278  $ 1,941  $ 2,144   $ 2,680  $ 4,252  $ 2,833  $ 2,803  $ 3,239   $ 2,957  $ 2,876  $ 2,189  $ 2,692  $ 2,252  $ 1,881  $ 2,099  $ 1,877  $ 1,991 

0 Canton cork_wood SAmerD  $ 2,702   $ 2,013  $ 2,060  $ 2,207  $ 2,534   $ 3,910  $ 4,672  $ 3,017  $ 3,302  $ 3,771   $ 3,456  $ 3,371  $ 2,492  $ 2,377  $ 1,937  $ 2,106  $ 2,406  $ 2,024  $ 2,092 

0 Lumberton cork_wood SAmerD  $ 1,855   $ 1,525  $ 1,573  $ 1,138  $ 1,514   $ 2,526  $ 3,198  $ 2,413  $ 1,228  $ 1,727   $ 1,382  $ 1,301  $ 1,930  $ 2,095  $ 1,652  $ 1,089  $ 1,476  $ 1,007  $ 1,084 

0 Riegelwood cork_wood SAmerD  $ 1,997   $ 1,604  $ 1,820  $    864  $ 1,277   $ 2,241  $ 3,134  $ 2,345  $    857  $ 1,356   $ 1,015  $ 1,024  $ 1,885  $ 2,080  $ 1,854  $    853  $ 1,244  $    771  $    885 

0 Roanoke Rapids cork_wood SAmerD  $ 1,326   $ 2,099  $ 2,147  $ 1,401  $ 1,499   $ 1,499  $ 4,102  $ 3,313  $ 1,731  $ 1,934   $ 1,911  $ 1,935  $ 1,307  $ 2,797  $ 2,353  $ 1,479  $ 1,592  $ 1,514  $ 1,594 

0 Wilkesboro cork_wood SAmerD  $ 2,309   $ 2,227  $ 2,278  $ 1,941  $ 2,144   $ 2,680  $ 4,252  $ 2,833  $ 2,803  $ 3,239   $ 2,957  $ 2,876  $ 2,189  $ 2,692  $ 2,252  $ 1,881  $ 2,099  $ 1,877  $ 1,991 

1 Canton paper_products CaribD  $ 2,297   $ 1,534  $ 1,681  $ 1,903  n/a  $ 3,505  $ 4,294  $ 2,637  $ 2,998  $ 3,533   $ 3,218  $ 3,130  $ 2,087  $ 1,999  $ 1,462  $ 1,802  $ 2,168  $ 1,786  $ 1,851 

1 Lumberton paper_products CaribD  $ 1,369   $ 1,087  $ 1,129  $    764 n/a  $ 2,121  $ 2,821  $ 2,033  $    839  $ 1,404   $ 1,087  $    960  $ 1,438  $ 1,718  $ 1,201  $    693  $ 1,173  $    692  $    747 

1 Riegelwood paper_products CaribD  $ 1,500   $ 1,159  $ 1,356  $    524 n/a  $ 1,836  $ 2,757  $ 1,966  $    518  $ 1,063   $    697  $    702  $ 1,397  $ 1,703  $ 1,387  $    516  $    915  $    515  $    598 

1 Roanoke Rapids paper_products CaribD  $    848   $ 1,722  $ 1,767  $ 1,040 n/a  $    992  $ 3,724  $ 2,933  $ 1,342  $ 1,593   $ 1,572  $ 1,591  $    833  $ 2,419  $ 1,973  $ 1,112  $ 1,280  $ 1,208  $ 1,278 

1 Wilkesboro paper_products CaribD  $ 1,903   $ 1,849  $ 1,898  $ 1,535 n/a  $ 2,275  $ 3,874  $ 2,453  $ 2,499  $ 3,001   $ 2,720  $ 2,635  $ 1,783  $ 2,314  $ 1,872  $ 1,480  $ 1,861  $ 1,541  $ 1,750 

 
Note: Containers are not serviced in Morehead City today, hence the “n/a” listings. Container costs were listed in future years in case this is pursued as an option. 
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4.3 Example 3 – Results Aggregation 
 
Building upon the commodity and market scenario levels, the data can be aggregated and 
analyzed for broad trends. The following six graphs are samples of how data might be 
presented.   
 
The first two figures (Figure 8, Figure 9) illustrate what portion of the total delivered costs come 
from various individual costs; the former shows a truck + ship service and the latter shows a trip 
that includes rail service instead of truck service. From the two pie charts shown, it is evident 
that rail service (including drayage) is less costly than a truck-only service since the OGV and 
port operations costs are the same for both yet the percentage land costs are less (55 percent 
compared to 75 percent). 
 
Figure 8: Delivered Container Costs Pie Chart for a Ship, Truck Mode Combination 
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Figure 9: Delivered Container Costs Pie Chart for a Ship, Rail Mode Combination 
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The next figure (Figure 10) enables the reader to see the savings in delivered costs that 
additional road projects from the 2040 STIP to the 2040 STIP PLUS condition would incur 
traveling from each port. For example, the 2040 STIP cost from Charleston with containerized 
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cargo is approximately $3,400/FEU but can be decreased to approximately $1,800/FEU under 
the 2040 STIP PLUS condition for a savings of about $1,600/FEU. 
 
Figure 10: Delivered Cost Comparison across Two Road Network Conditions 
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Travel times can be similarly examined, but potentially more useful visual representations are 
shown in the next three figures. Figure 11 enables the reader to easily compare domestic land 
travel times between OD pairs by using a 3-D bar graph; note here, Wilmington to Raleigh 
seems to be the fastest connection and Norfolk’s travel times seem to dwarf all other ports in 
this condition. 
 
Figure 11: Comparison of Travel Times for a Given Market Scenario 
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Figure 12 and Figure 13 offer another view of the travel time data, this time for the Oversize/ 
Ro/Ro Market which has a large number of inland nodes; hence, the 3-D visual is less helpful. 
The line graphs quickly show trends. Illustrated in Figure 12 is the entire trip travel time from the 
canal used by the international port to the domestic inland location.  Shown in Figure 13 is the 
domestic land transport segment of the trip, in other words, a subset of the Figure 12 data. 
 
For instance, again Norfolk has distinctly higher overall travel times (Figure 12) than any of the 
other regional ports but Charleston and Savannah are quite close to one another in time. More 
interesting, is examining the impacts of the highway improvements on travel times as in Figure 
13. For the case analyzed, it is evident that Virginia and North Carolina will have worsening 
travel times in 2040 STIP without additional projects but not of the magnitude that South 
Carolina worsens. Thus, if no additional projects are programmed or built beyond the currently 
funded STIPs, it would be unwise for shippers with inland locations in North Carolina to continue 
to travel to Charleston because travel times by truck exceed a driver’s daily allowable Hours of 
Service (11 hours) – adding an extra day of driving or a second driver in terms of costs. 
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Figure 12: Comparing Differential Travel Times (OGV + port + truck times) across Conditions and Ports for One Market Scenario 
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Note: 2040.1 = 2040 STIP, 2040.2 = 2040 STIP PLUS 
 
Figure 13: Comparing Only the Truck Travel Times across Conditions and Ports for One Market Scenario 
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Note: 2040.1 = 2040 STIP, 2040.2 = 2040 STIP PLUS 
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5 SUMMARY 
 

 
A delivered cost model, DELIV$, was created to compare the travel times and travel costs of 
shipping various commodities in and out of Southeastern US ports to/from domestic locations 
within North Carolina. The purpose was to gauge the impacts that different modes of travel and 
uses of different ports could have on the economic health of North Carolina. The model is of a 
static design with the flexibility to consider multiple modal combinations and the expansion 
capability for looking at a wider range of cost structures as well as a broader set of locations, 
whether they are inland locations, domestic ports, or international locations. The model draws 
data from three major disciplines – Port and Marine, Infrastructure, and Economics.  
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6 APPENDICES 
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APPENDIX A. COMMODITY CONVERSIONS 

27.25 

NC sealed ship container trk carrying wgt limit, 
sTons (see Hwy sht for full reference, 94,500 lbs 
max wgt w tractor) 

CONVERSION TABLE – TONNAGE PER 
FEU 

Cubing Out (highlighted 
ones are first Grossing Out) 

Grossing 
Out 

Commodity Value Unit Value Unit Value Unit
beef       short tons/FEU 1.00 FEUs/Cube 
broilers 6918.75 head/FEU 10.95 short tons/FEU 1.00 FEUs/Cube 
containers     60.00 short tons/FEU 2.20 FEUs/Cube 
cork_wood 420 kg/m3 26.88 short tons/FEU 1.00 FEUs/Cube 
cotton  92,249.14 lbs/FEU 46.12 short tons/FEU 1.69 FEUs/Cube 
grain    57,400 lbs/FEU 28.70 short tons/FEU 1.05 FEUs/Cube 
hogs 7957.747155 in3/carcass 40.13 short tons/FEU 1.47 FEUs/Cube 
machinery_ag     100.00 short tons/FEU 3.67 FEUs/Cube 
machinery_hvy     100.00 short tons/FEU 3.67 FEUs/Cube 
military     68.00 short tons/FEU 2.50 FEUs/Cube 
paper_products 50 lbs/case: 5 lb/ream (20 lb paper) 10 reams/case 44.00 short tons/FEU 1.61 FEUs/Cube 
phosphate_chemicals 1500 kg/m3 95.98 short tons/FEU 3.52 FEUs/Cube 
pulp 250 kg/bale (83x83x41cm3) 56.64 short tons/FEU 2.08 FEUs/Cube 
rubber_nat 75 lbs/block 61.75 short tons/FEU 2.27 FEUs/Cube 
rubber_syn     61.75 short tons/FEU 2.27 FEUs/Cube 
soybeans 27 sTons/FEU w Owgt permit 49.42 short tons/FEU 1.81 FEUs/Cube 
sweet_potatoes     35.89 short tons/FEU 1.32 FEUs/Cube 
textiles     50.00 short tons/FEU 1.83 FEUs/Cube 
tobacco_burley     118.66 short tons/FEU 4.35 FEUs/Cube 
tobacco_flue-cured     115.62 short tons/FEU 4.24 FEUs/Cube 
turkeys 1290.96 head/FEU 10.85 short tons/FEU 1.00 FEUs/Cube 
wind_power 400 tons/1 turbine 66.67 short tons/FEU 2.45 FEUs/Cube 
wood_pellets 40 lbs/ft3 41.00 short tons/FEU 1.50 FEUs/Cube 
xmas_trees       short tons/FEU 1.00 FEUs/Cube 
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APPENDIX B. GRAIN ELEVATOR LOCATIONS 
 
 

Operations Company Location ST 
Bushel 

Capacity 
Car 

Capacity RR 
Elevator Dollar Farm Products Bainbridge GA 900,000 5 CSXT 
Elevator Pilgrims Pride Byromville GA 250,000 3 CSXT 
Elevator Central States Grain Camilla GA 1,100,000 27 AGLF 
Elevator Pilgrims Pride Camilla GA 100,000 3 AGLF 
Elevator Pilgrims Pride Cordele GA 60,000 3 CSXT 
Elevator Cargill Inc. Damascus GA 252,000 5 GSWR 
Elevator Cargill, Inc. Donalsonville GA 106,000 7 CSXT 
Elevator Pilgrims Pride Donalsonville GA 186,000 8 CSXT 
Elevator Pilgrims Pride Dublin GA 190,000 5 GC 
Elevator Roche Manufacturing E. Dublin  GA 140,000 10 NS 
Elevator Pilgrims Pride Moultrie GA 150,000 6 CSXT 
Elevator Locke Farm Center Sasser GA 500,000 6 GGS 
Elevator Pilgrims Pride Sylvester GA 35,000 5 AGLF 
Elevator Pilgrims Pride Thomasville GA 210,000 5 CSXT 
Elevator Pilgrims Pride Vienna GA 450,000 5 CSXT 
Elevator Goldsboro Milling Ayden NC 800,000 5 CSXT 
Elevator E-B Grain Company Inc. Battleboro NC 1,250,000 5 CSXT 
Elevator Blount Fertilizers Bethel NC 170,000 6 CSXT 
Elevator Perdue AgriBusiness Inc. Chadbourn NC 417,500 5 CALA 
Elevator Evans & Son Fremont NC 380,000 5 CSXT 
Elevator Goldsboro Milling Greenville NC 700,000 10 CSXT 
Elevator Perdue AgriBusiness Inc. Greenville NC 2,100,000 9 CSXT 
Elevator Perdue AgriBusiness Inc. Lumberton NC 630,000 8 CSXT 
Elevator Farm Chemical Inc. (FCI) Upchurch Siding NC 95,000 18 AR 
Elevator Cargill, Inc. Williamston NC 1,300,000 40 CSXT 
Elevator Cargill, Inc. Wilson NC 1,100,000 5 NS 
Elevator Pilgrims Pride Alcolu SC 200,000 9 CSXT 
Elevator Pilgrims Pride Bennettsville SC 365,000 12 PDRR 
Elevator Darlington Grain & Cotton Co Darlington SC 251,000 3 SCRF 
Elevator Pilgrims Pride Florence SC 170,000 7 CSXT 
Elevator Perdue AgriBusiness Inc. Hamill SC 680,000 10 CSXT 
Elevator Williamsburg Grain Co. Kingstree SC 230,000 6 CSXT 
Elevator Pilgrims Pride Lake City SC 200,000 7 CSXT 
Elevator Pilgrims Pride Latta SC 300,000 3 CSXT 
Elevator Pilgrims Pride Litlle Rock SC 200,000 6 CSXT 
Elevator Lydia Soybeans Lydia SC 200,000 12 SCRF 
Elevator Orangeburg Foods Inc Orangeburg SC 500,000 15 CSXT 
Elevator Southeast Elevators Sumter SC 320,000 3 CSXT 
Elevator Farmers Grain and Supply Ulmer SC 400,000 5 CSXT 
Elevator Pilgrims Pride Vance SC 100,000 6 CSXT 
Elevator Associated Farms Inc. Exmore VA 250,000 4 ESHR 
Elevator Associated Farms Inc. Melfa VA 52,000 4 ESHR 
Elevator Associated Farms Inc. Parksley VA 850,000 12 ESHR 
Elevator Perdue AgriBusiness Inc. Richmond VA 710,000 12 CSXT 
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Brunswick, GA, Georgia Ports Authority, Colonel's Island Bulk 
Facility 
Toledo, OH, ADM Grain Company 
Maumee, OH, The Andersons Maumee/Illinois Elevator 
Maumee, OH, The Andersons Maumee/Conant Elevator 
Toledo, OH, The Andersons River/Edwin Elevator 
Toledo, OH, The Andersons River/Kuhlman Elevator 
Albany, NY, Cargill Elevator 
Portage, IN, Cargill Burns Harbor Elevator 
Chesapeake, VA, Perdue Farms 
 

Source: USDA (2010). Directory of Export Elevators at Export Port Locations including Facility Data. Grain Inspection, Packers and Stockyards Administration 
(GIPSA), Federal Grain Inspection Service. 
 
Beaufort, Tanglewood Farms 
Belhaven, Perdue Farms 
Bladenboro, Pineland Grain 
Burgaw, Rooks Farm Service 
Dudley, Smith Grain 
Elizabeth City, Tanglewood Farms 
Goldsboro, New Hope Milling 
Hobbsville, CA Perry & Son 
Mount Olive, Coharie Farms 
Raleigh, Agricultural Resources Center 
Yadkinville, Deep Creek Grain 
Bennettsville, SC, Southern States Co-op 
Kingstree, SC, Wiliamsburg Grain & Feed 
Nichols, SC, Murphy’s Brown 
Helen, GA, Nora Mill Granary 
Chesapeake, VA, Perdue Farms 
Chesapeake, VA, Chesapeake Grain 
West Point, VA, Old Dominion Grain 
Windsor, VA, Montague Farms  
Source: http://yellowpages.aol.com/grain-elevators/nc/ 
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  Corn Elevator Export Feed Soybean Transload UReceiver UShipper Warehouse Wheat 

GA 0 48 1 33 2 0 8 0 0 3 

NC 2 27 0 29 2 0 3 0 0 4 

SC 0 5 1 5 1 0 2 0 0 1 

VA 0 8 1 22 2 2 1 0 0 5 

Source: http://www.nscorp.com/nscportal/nscorp/Customers/Industrial-Products/Agriculture/grain-directory.html 
 

Bailey, Bailey Feed Mills  
Bear Poplar, Steele Feed & Seed  
Belhaven, Cargill Inc  
Bishops Cross, Perdue Farms Inc  
Camden, F P Wood & Son  
Chapanoke, Central Grain Co (Chapanoke Grain And Fert) 
Crutchfield, Wolfe Reece & Lynch  
Farmville, Goldsboro Milling And Grain (Morgan Plant)  
Greenville, Perdue Farms Inc  
Kinston, Cargill Inc  
La Grange, Murphy Farms  
Morehead City, P & G Grain  
Moyock, Currituck Grain Co  
North Hickory, Frye Grain Company  
Plymouth, Perdue Farms Inc / Roanoke Farmers 
Exchange  
Roxboro, Keystone Farm Service  
Ruffin, Pryor Grain Company Inc  
Selma, Bailey Feed Mills  
Shawboro, Currituck Grain Co / Roberts Brothers  
Shelby, Carolina Farm & Garden Supply  
Walstonburg, J H Milling Co  
Washington, Cargill Inc  
Wilson, Cargill Inc 

 
 

Source: http://www.nscorp.com/nscportal/nscorp/Customers/Industrial-Products/Agriculture/grain-directory.html 
Grain Customer Directory, North Carolina Elevator Grain Facilities 
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Cleveland  
Belhaven  
Chadbourn  
Clement 
Creswell 
Elizabeth City 
Greenville     
Lumberton  
Monroe 
Norwood 
Pantego  
Register  
Warsaw 
 

Source: North Carolina of Ag-USDA Market News, Raleigh, NC, Stephen Beasley Market Reporter, http://www.ncagr.com/market/mktnews/RA_GR110.TXT 
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APPENDIX C. COST DATA & SOURCES 
 
 
OCEAN GOING VESSEL (OGV) COST 

Assumption Value Source 

cost per container $ 900 
8/10/2011 Shippers Stakeholders Meeting (quoted from 
YangMin) 

cost per container $ 1,500 
8/10/2011 Shippers Stakeholders Meeting (quoted from 
Hanjin) 

bulk rate $/mTon (min) $ 48.25 

Weekly Rates for U.S. Gulf to China/Japan, 11/10/2011, 
Grain Transportation Report, USDA, Agricultural 
Marketing Service 

bulk rate $/mTon (wgtd avg) $ 52.33 

calculated with rates from 11/10/2011 Weekly Rates for 
U.S. Gulf to China/Japan, Grain Transportation Report, 
USDA, Agricultural Marketing Service 

bulk rate $/mTon (max) $ 59.00 

Weekly Rates for U.S. Gulf to China/Japan, 11/10/2011, 
Grain Transportation Report, USDA, Agricultural 
Marketing Service 

bulk rate $/mTon $ 52.92 

3rd Quarter Rates for U.S. Gulf to China/Japan, 
11/10/2011, Grain Transportation Report, USDA, 
Agricultural Marketing Service 

bulk rate $/mTon $ 23.94 

3rd Quarter Rates for U.S. Gulf to Europe, 11/10/2011, 
Grain Transportation Report, USDA, Agricultural 
Marketing Service 

comment on ocean fgt rates   

"If the orderbook materializes and the demand for vessels 
does not keep up, ocean freight rates may fall or remain 
stable for awhile.", 11/10/2011, Grain Transportation 
Report, USDA, Agricultural Marketing Service 

$/FEU US EastCoast -> Gdynia, Poland $ 4,900 

Containerized frozen poultry (40-foot containers of leg qtrs 
at approx. 52,000 lbs or 26 sTons). USDA, Poultry Export 
Guide: Poland, Ukraine, Estonia, Latvia. (Agricultural 
Marketing Service, Transportation and Marketing Division, 
Sept. 1998, pg. 31). 

transpacific, 2008, US-->Asia, $/TEU $ 1,200 
USDA & USDOT, Study of Rural Transportation Issues, 
April 2010. (pg. 452) 

transpacific, 2008, Asia-->US, $/TEU $ 3,100 
USDA & USDOT, Study of Rural Transportation Issues, 
April 2010. (pg. 452) 

container rental cost $ 2,000 

Market Solutions, LLC, 2008. Opportunities for 
Containerized Exports of North Carolina Soybeans (A 
Report to the NC Soybean Producers Association) 

liner, load bracing, fgt forwarder ($/cont) $ 100 

Market Solutions, LLC, 2008. Opportunities for 
Containerized Exports of North Carolina Soybeans (A 
Report to the NC Soybean Producers Association) 

terminal handling, clearance, & landing 
costs, export port $ 400 

Market Solutions, LLC, 2008. Opportunities for 
Containerized Exports of North Carolina Soybeans (A 
Report to the NC Soybean Producers Association) 

terminal handling, clearance, & landing 
costs, foreign port $ 600 

Market Solutions, LLC, 2008. Opportunities for 
Containerized Exports of North Carolina Soybeans (A 
Report to the NC Soybean Producers Association) 
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DOMESTIC PORT PROCESSING Costs 
Assumption Value Source 

minimum moves per port (in/out) 1000 
8/30/2011 Shipping Lines Stakeholders Meeting (Maersk 
goal) 

discount to incentivize port change 10% 
8/30/2011 Shipping Lines Stakeholders Meeting (incentive 
by port or by shipping line) 

port dwell time - containers (days) 7 9/14/2011 NC Maritime TM Existing Port Infrastructure 
port dwell time - noncontainers (days) 30 9/14/2011 NC Maritime TM Existing Port Infrastructure 

port processing cost: containers ($/FEU) $ 200 
10/26/2011 Vijay on the Delivered Cost Model project call, 
$180/TEU. 11/1/2011 Vijay said $200/FEU. 

port demurrage cost ($/FEU/day) $ 0.01 10/26/2011 Vijay on the Delivered Cost Model project call 
port processing cost: non-containers 
($/sTon) $ 10 11/1/2011 call with Vijay 

 
 
LAND TRANSPORT - Truck 

Assumption Value Source 

truck operating cost/hour $ 61.46 

American Transportation Research Institute: Data are 
reported in its annual report "An Analysis of the Operational 
Costs of Trucking: A 2011 Update (June 2011) 

TWIC cost/driver $ 132.50 

Transportation Worker Identification Card, total cost of card 
w/o discount. Discounted price for bulk purchases is: 
$105.25. http://www.twiccard.com/ 

OD travel times  varies 
URS calculations based on FAF data plus a congestion 
factor 

minimum pay/day/driver $ 500 10/21/2011 Bulk & Breakbulk Stakeholders Meeting 
deadhead required (non-containers)  DR_yes 10/21/2011 Bulk & Breakbulk Stakeholders Meeting 
no deadhead required (containers)  DR_no 10/21/2011 Bulk & Breakbulk Stakeholders Meeting 

2011 truck cost Asheville to Charleston $ 550 
8/16/2011 Ag Shippers Stakeholders Meeting (cost per 
container) 

2010 truck cost Asheville to Charleston $ 1,000 
8/16/2011 Ag Shippers Stakeholders Meeting (cost per 
container) 

2011 truck cost $/box, POW  Charlotte $ 450.00 11/9/2011 NC Maritime Strategy Advisory Council Meeting 
Reasonable cost of 90-mile soybean 
dray $ 300.00 11/9/2011 NC Maritime Strategy Advisory Council Meeting 

retail-on-hwy diesel prices ($/gal) $ 3.997 

Central Atlantic Weekly Rates, 11/10/2011, Grain 
Transportation Report, USDA, Agricultural Marketing 
Service 

retail-on-hwy diesel prices ($/gal) $ 3.816 

Lower Atlantic Weekly Rates, 11/10/2011, Grain 
Transportation Report, USDA, Agricultural Marketing 
Service 

refrigerated produce shipmts ($/mi) $ 2.54 
Agricultural Refrigerated Truck Quarterly, 2nd Qtr 2011, 
USDA, Agricultural Marketing Service 

refrigerated produce shipmts ($/mi) $ 1.93 
Agricultural Refrigerated Truck Quarterly, 1st Qtr 2011, 
USDA, Agricultural Marketing Service 

trk rate - fruit/veg, 2008 ($/mi) $ 2.50 
USDA & USDOT, Study of Rural Transportation Issues, 
April 2010. (pg. 427, 429) 

trk rate - grain, 2008, <= 25 mi ($/mi) $ 4.75 
USDA & USDOT, Study of Rural Transportation Issues, 
April 2010. (pg. 427, 429) 

trk rate - grain, 2008, <= 100 mi ($/mi) $ 3.00 
USDA & USDOT, Study of Rural Transportation Issues, 
April 2010. (pg. 427, 429) 

trk rate - grain, 2008, <= 200 mi ($/mi) $ 3.00 
USDA & USDOT, Study of Rural Transportation Issues, 
April 2010. (pg. 427, 429) 

estimated truck unloading cost $ 100 11/8/2011 guess 
estimated truck unload time (hrs) 0.5 11/8/2011 guess 
Van Short Haul ($/mi) $ 2.36 11/8/2011 view of www.FairTran.com/rates.aspx (rates 
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updated every Tuesday) 

Van Long Haul ($/mi) $ 1.72 
11/8/2011 view of www.FairTran.com/rates.aspx (rates 
updated every Tuesday) 

Flatbed Short Haul ($/mi) $ 2.64 
11/8/2011 view of www.FairTran.com/rates.aspx (rates 
updated every Tuesday) 

Flatbed Long Haul ($/mi) $ 1.92 
11/8/2011 view of www.FairTran.com/rates.aspx (rates 
updated every Tuesday) 

Reefer Short Haul ($/mi) $ 2.82 
11/8/2011 view of www.FairTran.com/rates.aspx (rates 
updated every Tuesday) 

Reefer Long Haul ($/mi) $ 2.08 
11/8/2011 view of www.FairTran.com/rates.aspx (rates 
updated every Tuesday) 

Legal truck wgt limit (lbs) 80,000 
http://www.ncleg.net/EnactedLegislation/Statutes/HTML/By
Section/Chapter_20/GS_20-118.html 

Legal sealed container trk wgt limit (lbs) 94,500 
http://www.ncdot.gov/doh/operations/dp_chief_eng/mainten
ance/permits/ docs/sealedshipcontainerpolicy_c11.pdf 

Overwgt permit-annual ($/truck) $ 100.00 NC Oversize/Overweight Permit Office 
Overwgt permit-single trip ($/truck) $ 12.00 NC Oversize/Overweight Permit Office 

Soy container dray to port ($/cont) $ 400.00 

Market Solutions, LLC, 2008. Opportunities for 
Containerized Exports of North Carolina Soybeans (A 
Report to the NC Soybean Producers Association) 

Truckload est. 80% full by wgt   

USDA, CTRE, Iowa State University. About the U.S. Food 
Market Estimator. "Truck load estimates were calculated by 
weight instead of volume, because the weight density [sic] 
of all products exceeded 11.4 lbs/cu.ft. Semi-truck loads 
were set to 20 tons to illustrate 80 percent average 
capacity (by weight)." 

 
 
LAND TRANSPORT - Rail 

Assumption Value Source 

ag shipments via rail from MHC   
8/16/2011 Ag Shippers Stakeholders Meeting (NS charges 
10 times the truck haul rate, NS doesn't want the service) 

NS unit train non-Ag shipping rate/car $ 100.00 8/16/2011 Ag Shippers Stakeholders Meeting 

NS quote to MHC for shipping rate/car $ 280.00 
8/16/2011 Ag Shippers Stakeholders Meeting (too 
expensive, Halifax/Ahoskie down to east is divider) 

Drayage = $125 for first 30 miles + 
$1.38/mile for each mile beyond 30 $ 125 

Intermodal Transportation and Inventory Cost Model (ITIC) 
created by FHWA and updated by FRA. 

Base drayage charge for first 80 miles $ 340 

2008 Virginia DOT study for I-81 Freight Diversion and 
Forecast. It is based on some discussions with NS, the 
waybill survey from that year, and the Uniform Rail Costing 
System. 

Drayage = $125 for first 30 miles + 
$1.38/mile for each mile beyond 30 $ 1.38 

Intermodal Transportation and Inventory Cost Model (ITIC) 
created by FHWA and updated by FRA. 

$2 drayage charge per mile beyond 80 $ 2.00 

2008 Virginia DOT study for I-81 Freight Diversion and 
Forecast. It is based on some discussions with NS, the 
waybill survey from that year, and the Uniform Rail Costing 
System. 

Dwell time at O/D terminals = 0.5 days  12 
hours. Intermodal Transportation and Inventory Cost Model 
(ITIC) created by FHWA and updated by FRA. 

Rail speed, mph  22.50 

2008 Virginia DOT study for I-81 Freight Diversion and 
Forecast. It is based on some discussions with NS, the 
waybill survey from that year, and the Uniform Rail Costing 
System. 

total rail cost/container POW to Charlotte $ 450 Roger Heebner email sent 11/1/2011 
unload container from ship $ 50 Roger Heebner email sent 11/1/2011 
switching ops at origin $ 100 Roger Heebner email sent 11/1/2011 
container dray cost at destination $ 150 Roger Heebner email sent 11/1/2011 
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rail move cost/container POW-Charlotte $ 150 Roger Heebner email sent 11/1/2011 
rail move cost/container/hour $ 17.50 calculated $150/8.57 hrs from POW to Charlotte 

rail cost non-rail move portion/container $ 150.00 
calculated flat-rate per FEU container cost of unload ship to 
rail, switch, unload rail to dray 

fixed dray time, hrs  1 guess 
fixed rail switching & unloading to dray 
time, hrs  1 guess 

tariff + fuel surcharge for Unit trains 
($/car) $ 4,340 

Corn from Toledo, OH to Raleigh, NC, 11/10/2011 Grain 
Transportation Report, USDA, Agricultural Marketing 
Service 

tariff + fuel surcharge for Unit & Shuttle 
trains ($/mTon) $ 43.10 

Corn from Toledo, OH to Raleigh, NC, 11/10/2011 Grain 
Transportation Report, USDA, Agricultural Marketing 
Service 

tariff + fuel surcharge for Unit & Shuttle 
trains ($/bushel) $ 1.17 

Corn from Toledo, OH to Raleigh, NC, 11/10/2011 Grain 
Transportation Report, USDA, Agricultural Marketing 
Service 

tariff + fuel surcharge for Unit & Shuttle 
trains ($/car) $ 4,414 

Soybeans from Indianapolis, IN to Raleigh, NC, 11/10/2011 
Grain Transportation Report, USDA, Agricultural Marketing 
Service 

tariff + fuel surcharge for Unit & Shuttle 
trains ($/mTon) $ 43.83 

Soybeans from Indianapolis, IN to Raleigh, NC, 11/10/2011 
Grain Transportation Report, USDA, Agricultural Marketing 
Service 

tariff + fuel surcharge for Unit & Shuttle 
trains ($/bushel) $ 1.19 

Soybeans from Indianapolis, IN to Raleigh, NC, 11/10/2011 
Grain Transportation Report, USDA, Agricultural Marketing 
Service 

non-shuttle secondary car bids/offers 
were $xx below tariff $ 47.00 

Rail Sector Snapshot, NC, 11/10/2011 Grain 
Transportation Report, USDA, Agricultural Marketing 
Service 

avg shuttle rates were $xx below tariff $ 398.00 

Rail Sector Snapshot, NC, 11/10/2011 Grain 
Transportation Report, USDA, Agricultural Marketing 
Service 

unit train refers to shipments of at least 
25 cars  25 

Table 7, 11/10/2011 Grain Transportation Report, USDA, 
Agricultural Marketing Service 

fgt rail disruption comment on possible 
labor dispute   

"… resolving the labor dispute between rail labor unions, 
representing 75 percent of the rail workforce, and the Class 
I railroads.... now have until midnight on December 5 to 
resolve their differences ... if no agreement is struck ... 
would pose a serious disruption to the freight transportation 
system", Presidential Emergency Board Releases Recs, 
11/10/2011 Grain Transportation Report, USDA, 
Agricultural Marketing Service 

refrigerated rail service news, re: Railex   

"Schenectady, NY-based Railex added a third weekly EC-
bound refrigerated train btwn its Delano,CA and NY 
facilities. … express train with guaranteed delivery in five 
days. … In addition, Railex is planning to open a California-
to-Southeast route in the first quarter of 2012." Agricultural 
Refrigerated Truck Quarterly, 2nd Qtr 2011, USDA, 
Agricultural Marketing Service 
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Item Value Page

RR avg total cost in yr2000 ($/ton-mi) 0.028 267 
RR revenue - grain, yr2006, all ($/ton-mi) 0.028 273 
RR revenue - grain, yr2006, 20-500 mile trips ($/ton-mi) 0.045 273 
RR revenue - grain, yr2006, 501-750 mile trips ($/ton-mi) 0.035 273 
RR revenue - food products, yr2006, all ($/ton-mi) 0.025 274 
RR revenue - food products, yr2006, 20-500 mile trips ($/ton-mi) 0.050 274 
RR revenue - food products, yr2006, 501-750 mile trips ($/ton-mi) 0.040 274 
RR revenue - fertilizer, yr2006, all ($/ton-mi) 0.030 275 
RR revenue - fertilizer, yr2006, 20-500 mile trips ($/ton-mi) 0.060 275 
RR revenue - fertilizer, yr2006, 501-750 mile trips ($/ton-mi) 0.040 275 

Table Data Source: USDA & USDOT, Study of Rural Transportation Issues, April 2010. 
 
 
TRANSSHIPMENT 

Assumption Value Source 

cross dock at port to 53-footers 40% 
For imports at Savannah using Maersk. 8/30/2011 
Shipping Lines Stakeholders Meeting 

TWIC cost/driver $ 132.50 

Transportation Worker Identification Card, total cost of 
card w/o discount. Discounted price for bulk purchases is: 
$105.25. http://www.twiccard.com/ 

OD travel times  varies 
URS calculations based on FAF data plus a congestion 
factor 

minimum pay/day/driver $ 500.00 10/21/2011 Bulk & Breakbulk Stakeholders Meeting 
max dray distance (miles) 120 10/21/2011 Bulk & Breakbulk Stakeholders Meeting 
deadhead required (non-containers)  DR_yes 10/21/2011 Bulk & Breakbulk Stakeholders Meeting 
no deadhead required (containers)  DR_no 10/21/2011 Bulk & Breakbulk Stakeholders Meeting 

NC ports not cost competitive when?   

8/30/2011 Shipping Lines Stakeholders Meeting 
(Charlotte west - POW or Charleston/Savannah have 
backhauls) 

soybean transload ($/cont) $ 150.00 

Market Solutions, LLC, 2008. Opportunities for 
Containerized Exports of North Carolina Soybeans (A 
Report to the NC Soybean Producers Association) 
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APPENDIX D. NORTH CAROLINA AGRICULTURAL PRODUCTION 
(2010) 

 
Poultry (broilers) 

 

 

Hogs 

 

 

Sweet Potatoes 

Source: USDA National Agricultural Statistics Service 

Hundredweight 

Number on Farms 

Number 
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