


Page iTioga

Contents

I. SUMMARY 1
What is the most useful set of productivity metrics? 1

Which productivity concepts are used by key stakeholders? 3

Recommended Productivity and Utilization Measures 4

How can we collect and analyze the required data? 14

What is the best approach to benchmarking? 14

How can we identify and encourage productivity improvements? 16

II. INTRODUCTION 18
Background 18

Purpose 19

Scope 19

Approach 20

III. PORT PRODUCTIVITY CONCEPTS AND DATA SOURCES 21
Working Definition of Productivity 21

Marine Terminal Capacity and Utilization 22

Perspectives on Productivity 24

Port Productivity Literature Insights 28

Long-term versus Near-term Utilization 31

Peak period vs. average productivity 32

Customer Survey 33

Drayage Survey 35

Insights from Rail Intermodal Terminals 36

Data Sources 37

IV. PROPOSED PRODUCTIVITY MEASURES 43
Approach 43

Land Use Measures 43

Container Yard Storage Factors 47

CY Capacity Measures 55

Container Crane Measures 56

Vessel Measures 60

Berth Measures 66

Productivity Implications 71

Operating Hours 72

Coastal Port Summaries 72

Drayage Measures 77

Best Drayage Practices 79

V. PROPOSED DATA COLLECTION STRATEGY 84
Data Requirements 84

Key Barriers to Data Collection 85

Data Collection and Publication Options 86

Candidate Organizations 86



Page iiTioga

Recommended Strategy 90

APPENDIX A: LITERATURE REVIEW 91
Productivity Measurement 91

Capacity and Throughput Studies 101

Best Practices 105

Modeling and Theoretical Approaches 107

End Notes 109

References 111

APPENDIX B: INSIGHTS FROM RAIL INTERMODAL TERMINALS 115
Objective 115

Background 115

Overview of Rail Terminal Services 116

Supplying Rail Terminal Services 117

Rail versus Marine Container Moves 118

Rail Terminal Productivity Measures 119

Rail Intermodal Terminal Development 120

Current Development Patterns 123

Rail-Marine Comparisons 130

Cost Modeling 133

Scenarios 134





Page ivTioga

Exhibit 32: CY/Gross Acreage Ratio .......................................................................................................... 44

Exhibit 33: Seagirt Terminal ...................................................................................................................... 45

Exhibit 34: Hyundai Terminal, Port of Tacoma........................................................................................... 45

Exhibit 35: High Density Outer Harbor Terminal Concept.......................................................................... 46

Exhibit 36: TEU per Gross and CY Acre .................................................................................................... 46

Exhibit 37: Container Yard Handling Equipment Types ............................................................................. 47

Exhibit 38: Progression of Terminal Handling Methods ............................................................................. 48

Exhibit 39: Wheeled Containers on RTG Layout........................................................................................ 49

Exhibit 40: Typical CY Storage Densities ................................................................................................... 51

Exhibit 41: CY Acreage Example: Port of New Orleans............................................................................. 51

Exhibit 42: CY Capacity Example: Port of New Orleans ............................................................................ 52

Exhibit 43: TEU Storage Slots .................................................................................................................... 53

Exhibit 44: TEU Slots per CY Acre (Storage Density)................................................................................ 54

Exhibit 45: Annual TEU per Slot (Turns) .................................................................................................... 55

Exhibit 46: Annual CY TEU Capacity and 2008 TEU................................................................................. 55

Exhibit 47: CY Capacity Utilization ............................................................................................................. 56

Exhibit 48: Typical Two-Berth/Four-Crane Terminal .................................................................................. 58

Exhibit 49: Average Cranes per Berth ........................................................................................................ 58

Exhibit 50: Annual Vessel Calls per Crane................................................................................................. 59

Exhibit 51: Annual TEU per Crane ............................................................................................................. 60

Exhibit 52: DWT vs. Draft ........................................................................................................................... 61

Exhibit 53: USACE Guidance on Cargo Capacity as a Percentage of DWT ............................................. 61

Exhibit 54: Container Vessel DWT vs. TEU Capacity ................................................................................ 62

Exhibit 55: Reported vs. Estimated Container Vessel TEU........................................................................ 63

Exhibit 56: Maximum vs. Average Vessel Capacity - TEU......................................................................... 63

Exhibit 57: Vessel Size Ratio - - Average versus Maximum TEU .............................................................. 64

Exhibit 58: Vessel Size and Load Comparison .......................................................................................... 65

Exhibit 59: Vessel Size and Load Ratio...................................................................................................... 66

Exhibit 60: Berth Capacity - Maximum Vessel Basis Example (Boston).................................................... 68

Exhibit 61: Berth Capacity Estimate- Vessel Call Basis Example.............................................................. 68

Exhibit 62: Annual Vessel Calls per Berth .................................................................................................. 69

Exhibit 63: Annual TEU per Berth............................................................................................................... 69





Page viTioga

Exhibit 96 Logistics Park Chicago ............................................................................................................ 125

Exhibit 97: Yard Crane and Container Stacking Area at Hobart .............................................................. 126

Exhibit 98: Chassis Stacking .................................................................................................................... 126

Exhibit 99: BNSF SIG, August 2004......................................................................................................... 127

Exhibit 100: BNSF SIG, December 2007 ................................................................................................. 127

Exhibit 101: West End of Croxton Yard .................................................................................................... 128

Exhibit 102: BNSF Hobart and Satellite Yards ......................................................................................... 129

Exhibit 103: Maher Marine Terminal and Remote Lots, Port Elizabeth ................................................... 129

Exhibit 104: On-Site Trackage Changes, Hobart Yard, June 2009.......................................................... 132

Exhibit 105: Tioga Terminal Model Sample Output.................................................................................. 133

Exhibit 106: Cost Comparisons ................................................................................................................ 135













Page 6Tioga

Exhibit 4: CY/Gross Acreage Ratio
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TEU Storage Slots (CY Slot Capacity). The total TEU storage slots in a terminal or port
reflects the combination of CY acreage and the CY operating methods in use, and characterizes
static storage capacity (Exhibit 5). There are two factors at play: CY acreage and stacking
density. The combination highlights the enormous total capacity at the Ports of Los Angeles and
Long Beach. Were Seattle and Tacoma combined in the data, the combination would look much
larger than the two individual ports.

Exhibit 5: TEU Storage Slots
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TEU Slots per CY Acre (Storage Density). Storage density is a mid-point in the analysis of
capacity and productivity. Storage density (Exhibit 6) reflects the way the terminal space has
been allocated among various storage technologies. A higher number indicates that the facility
has been configured for high annual throughput, but does not reflect the extent to which that
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(Exhibit 8) Sustainable capacity can be estimated at 80% of the maximum, allowing for business
peaks and valleys and a margin for growth.

Exhibit 8: Annual CY TEU Capacity and 2008 TEU
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2008 TEU
Annual CY Capacity - TEU

CY Capacity Utilization. Annual TEU divided by estimated annual TEU capacity (throughput
as a percentage of capacity) is a measure of CY capacity utilization (Exhibit 9). The ports shown
in Exhibit 9 average 50% CY capacity utilization, indicating substantial latent CY capacity. This
is a second reason why U.S. TEU per gross acre looks low compared to crowded Asian and
European terminals.

Exhibit 9: CY Capacity Utilization
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Container Crane Metrics

The following two metrics tell more in combination than either reveals separately.
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Annual Vessel Calls per Crane. A marine terminal may use anywhere from one to five cranes
to discharge and load a containership. A low number of calls per crane (Exhibit 10) suggests that
either there are relatively few vessel calls or that the average call discharges and loads a large
number of containers. The low number for LALB is due to the size of the vessels; large vessels
require more cranes on each call.

Exhibit 10: Annual Vessel Calls per Crane
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Annual TEU per Crane. Annual TEU per crane (Exhibit 11) reflects overall port or terminal
performance and balance. A low figure suggests that cranes are being used to handle either
relatively few vessels or relatively few TEU from each vessel. The lowest numbers are at
Baltimore, Philadelphia, and Portland, which receive relatively few calls. The low figure at
Oakland reflects excess crane capacity there.

Exhibit 11: Annual TEU per Crane
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Exhibit 10 and Exhibit 11 together indicate that the ports of Charleston, Savannah, Port
Everglades, and New Orleans have very high container-crane productivity. In fact, the situation
is more complex, as they combine high crane efficiency (moves per working hour, a metric that
is not consistently available) and a large number of calls by smaller vessels. At Port Everglades,
the ratios are artificially increased by inclusion in the data of TEU volumes that are handled by
barge or self-unloading ships without the use of shore-side cranes.

Berth and Vessel Metrics

Annual Vessel Calls per Berth. Exhibit 12 displays annual vessel calls per berth, which is the
first factor in berth utilization and productivity. There is some ambiguity when terminals have a
long berth face that can be divided in different ways, as the number of berths can vary from time
to time. These data also show the large number of vessel calls at Charleston, Savannah, and New
Orleans, reflected in the crane productivity metrics.

Exhibit 12: Annual Vessel Calls per Berth
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Vessel Size Ratio (Average Vessel TEU Capacity vs. Maximum Vessel TEU Capacity).
Comparing the average vessel size being handled to the maximum possible vessel size for the
available draft (Exhibit 13) indicates how much of the inherent draft and berth length is being
used. This ratio can reach 100% if the port is being served by a fleet of maximum-sized vessels,
or if tides or light loading are being used to bring in vessels that would otherwise exceed the
available draft. Savannah, Mobile, Houston, and Portland show this effect.
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loads on each vessel; and NYNJ has a combination of factors. Ports with a large number of
available berths, such as Baltimore and Oakland, show much lower averages.

Exhibit 15: Annual TEU per Berth
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Berth Call Utilization (Vessel calls per berth vs. maximum calls per berth). The simplest
way to gauge berth capacity utilization is to compare the number of vessels handled (calls) with
the maximum that could have been handled (Exhibit 16). The number of vessels that could have
been handled must usually be estimated, and is set for this study at 208 per year (80% of a one-
per-weekday maximum of 260). The number that can be handled is also affected by the number
of containers that must be discharged and loaded for each vessel.

Exhibit 16: Berth Call Utilization
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Berth TEU Utilization (Annual TEU per berth vs. maximum TEU per berth for maximum
vessel size). A more complex look at berth utilization takes into account the maximum TEU that
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persistent driver shortage. Some Southern California drayage firms were offering signing
bonuses for new drivers. Transportation Worker Identification Credential (TWIC) requirements
have further reduced the pool of drivers eligible for port drayage. As trade recovers, there could
be a shortage of drayage drivers.

Finally, this report does not address the need for trained personnel to operate expanded terminals.
Labor supply cannot be taken for granted. A major contributor to the 2004 peak season
congestion in Southern California was a Longshore labor shortage. The pool of Longshore labor
has since expanded, but has shrunk somewhat as Longshoremen idled by the recession have
moved to other jobs.

Approach

The study began by simultaneously reviewing the technical and industry literature to determine
how port productivity could and should be measured, and assembling the available data into a set
of marine terminal profiles. These profiles were assembled to serve as the basis for data
analysis, and are presented as a stand-alone report appendix (Appendix C).

The study team also undertook on-line surveys of major customers (importers, exporters, 3PLs),
and drew on surveys of drayage drivers and companies being conducted for other projects. The
study team also examined parallel metrics for rail intermodal terminals. Analysis of the data
focused on port productivity, capacity, and utilization metrics that could be developed from data
that were consistently available for major container ports and terminal, or data that is often
available and which could become consistently available. This analysis yielded a set of over 15
useable metrics that, together, are far more revealing than global measures, such as TEU per
gross acre. These measures can be used to understand the operations of a single port, to
understand the differences between ports, to benchmark port performance against U.S. averages
or regional revenues, and to locate candidate best practices.
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IV. Proposed Productivity Measures

Approach

Based on the conceptual discussion covered in preceding sections, the study team defined a
broad set of potential metrics for port productivity, capacity, and utilization. These metrics were
then supported by an initial collection of port and terminal data.

The study team analyzed the following major container ports (Exhibit 31).

Exhibit 31: Major Ports Analyzed

North Atlantic South Atlantic Gulf West Coast

Boston Charleston Mobile
Los Angeles/
Long Beach

New York/New Jersey Savannah New Orleans Oakland

Philadelphia Jacksonville Houston Portland

Wilmington Port Everglades Tacoma

Baltimore Miami Seattle

Virginia

Data were compiled for each major marine container terminal at these ports in a set of profiles
using a common format. The terminals profiles are provide as a standalone appendix (Appendix
C). Volume figures used throughout this report are compared to 2008 volumes reported to the
American Association of Port Authorities (AAPA). As has been widely reported, 2009 cargo
volumes were down 10% to 30% from 2008, so using 2009 volumes would artificially inflate
estimates of reserve capacity. It is also likely that the major container ports will have somewhat
more reserve capacity than was estimated herein until trade recovers.

Proposed productivity measures as discussed below and illustrated by charts for the initial data
collection. Port data values are summarized in a separate section

Land Use Measures

In general, U.S. container terminals handle fewer annual TEU per acre than their European or
Asian counterparts. Most of the difference is attributable to lower utilization of land rather than
lower productivity of cranes, labor, or other operating inputs. The lower cost and greater
availability of land at U.S. ports has enabled terminals and their operators to expand horizontally
rather than vertically.

No two container terminals are exactly alike, despite having a great deal in common. Port
planners and terminal operators have preferences for different operating types and
configurations, and those preferences change over time. Moreover, each terminal design must be
adapted to its site. These differences are particularly apparent in the definition and configuration
of the container yard (CY). There are frequently disparities between what the port lists as CY
acreage and what the consultant team identifies as working CY acreage from aerial photos.
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TEU/acre because it completely eliminates truck aisles in the stacks and relies on an adjacent
near-dock rail terminal instead of devoting on-dock space.

Exhibit 35: High Density Outer Harbor Terminal Concept

Source: Ports America

TEU per Acre

TEU per acre, meaning gross terminal or port acres, is a commonly used but deceptive metric.
Many U.S. container terminals devote substantial portions of their footprint to rail yards or
ancillary facilities that would not be present in Asian or European terminals. Annual TEU per
CY acre is a much more revealing metric, as it compares throughput (annual TEU) with the
inputs directly used (CY acres). Exhibit 36 shows both measures for comparison.

Exhibit 36: TEU per Gross and CY Acre
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Annual TEU/Gross Acre
Annual TEU/CY Acre

In 2008, these ports averaged about 2,307 TEU per gross acre. The average throughput for
actual CY space was 4,842 TEU per acre, a more accurate basis of comparison. Los Angeles and
Long Beach were averaging over 10,000 TEU per CY acre, and several US ports were at 6,000
or more.
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Exhibit 40: Typical CY Storage Densities

CY Storage Method TEU Slots per Acre
Wheeled Chassis 80
Grounded Straddle Carrier 160
Grounded Stacked 200
Grounded RTG 300
Grounded RMG 360

The focus on capacity, rather than current throughput, led the team to rely more on terminal
configuration rather than on current usage or estimates. For example, terminal space configured
to use RTGs was assigned an inherent capacity of 300 TEU per acre even though it may
currently be used for wheeled storage at 80 TEU per acre. This estimation practice is also
necessarily imprecise as the ability to use the full inherent capacity may depend on the
availability of handling equipment, operating systems, and other factors beyond the scope of this
study.

Exhibit 41 shows an example of CY acreage allocation in which the 79 total CY acres were
divided into 20 acres of wheeled storage at 80 TEU/acre, 43 acres of straddle carrier operation at
160 TEU/acre, 8 acres of stacked storage at 200 TEU/acre, and 8 acres of RTG storage at 300
TEU per acre for a total storage capacity of 12,480 TEU slots (Exhibit 42). If the terminal
needed more CY capacity, the operator would stack more containers or expand RTG operations
at the expense of low-density wheeled storage. The average of 158 slots per acre is between the
low density of wheeled operations and the higher density of stacked or RTG operations.

Exhibit 41: CY Acreage Example: Port of New Orleans

Terminal Space Napolean Port Total
Total Acres 128 128

Wheeled CY Acres 20 20
Straddle Carrier CY Acres 43 43

Stacked CY Acres 8 8
RTG CY Acres 8 8
RMG CY Acres -

Total CY Acres 79 79
On-Dock Rail Acres 10 10

Other Non-CY Acres 16 16
Net Berth/Gate/Yard Acres 105 105
Undeveloped Acres - -





Page 53Tioga

Exhibit 43: TEU Storage Slots
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TEU Slots per CY Acre (Storage Density)

TEU slots per acre is a useful measure of CY capacity because it captures the impact of stacking
height and technology as well as acreage. US ports average about 190 slots per acre, roughly
half way between an all-wheeled terminal at 80 to 100 TEU per acre and an all-RTG terminal at
300 per acre. Almost every US terminal actually has a mix of wheeled, top-pick, and RTG
operations. These numbers also indicate substantial room for growth through greater density.

Storage density is a mid-point in the analysis of capacity and productivity. Storage density
(Exhibit 44) reflects the way the terminal space has been allocated among various storage
technologies. A higher number indicates that the facility has been configured for high annual
throughput, but does not reflect the extent to which that capacity is being used.
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Exhibit 45: Annual TEU per Slot (Turns)
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CY Capacity Measures

Annual CY TEU Capacity

Annual CY capacity, estimated as the product of TEU slots and a maximum turnover of 70 per
year, is a benchmark for the maximum TEU that could be handled (Exhibit 46). A sustainable
capacity can be estimated at 80% of the maximum, allowing for business peaks and valleys and a
margin for growth.

Exhibit 46: Annual CY TEU Capacity and 2008 TEU

0

2,000,000

4,000,000

6,000,000

8,000,000

10,000,000

12,000,000

14,000,000

16,000,000

18,000,000

Bost
on

NYNJ

Del
aw

ar
e

Riv
er

Bal
tim

ore
VPA

APM
Ports

m
outh

Char
le

st
on

Sav
an

nah

Ja
ck

so
nvi

lle

Port
Eve

rg
la

des

Mia
m

i

M
obile

New
Orle

an
s

Houst
on

LALB

Oak
lan

d

Portl
an

d

Sea
ttl

e

Tac
om

a

2008 TEU
Annual CY Capacity - TEU

Reserve capacity is greatest at Oakland, NYNJ, Charleston, and Savannah. This chart, however,
does not take into account current and announced terminal expansion projects in Mobile,
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Exhibit 48: Typical Two-Berth/Four-Crane Terminal

This arrangement lets the stevedore work two small ships at once, or put 3 to 4 cranes against
one larger or more heavily loaded ship.

Exhibit 49 shows that the U.S. average is 2.2 cranes per berth and that ports average anywhere
form 1.0 to 4.0. Behind the numbers are some important differences. Both Port Everglades and
Oakland have lower averages, but Oakland is 4 times the size of Port Everglades. Houston and
Portland have high averages, but Houston is 3 times larger than Portland.

Exhibit 49: Average Cranes per Berth
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Together, these guidelines imply that a vessel with a 50-foot design draft would have a
maximum sailing draft of 47.5 feet and would need a channel depth of 50.5 feet to maintain a 3-
foot under-keel clearance.

A second regression analysis yielded the relationship between DWT and TEU capacity (Exhibit
54).

Exhibit 54: Container Vessel DWT vs. TEU Capacity

Container Ship TEU vs. DWT
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This analysis is likely to be most reliable in the range of 20,000 to 80,000 DWT or 2,000 to
6,000 TEU, where the most data are available. At the upper end of the range, fewer data are
available.

Exhibit 55 compares the reported versus estimated TEU capacities where available. Significant
differences in reported and estimated TEU capacities should be expected because there are
substantial variations in the way the carriers themselves rate vessel capacity. A vessel can hold
more containers if they are light or empty, so a TEU capacity based on an illustrative average of
12 metric tons per TEU will be higher than an estimate for the same vessel at 13 or 14 metric
tons per TEU. These variations account for much of the disparity between vessels of similar size
and tonnage, but different TEU capacities.
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Exhibit 55: Reported vs. Estimated Container Vessel TEU

-

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

9,000

10,000

Reported TEU
Est TEU

Vessel Size Ratio

Comparing the average vessel size being handled to the maximum possible vessel size for the
available draft indicates how much of the inherent draft and berth length is being used. The
series of relationships describe above was used to estimate the largest vessel size in TEU that
could be accommodated at each port, and the corresponding berth requirements for length and
beam. Exhibit 56 shows the estimated maximum vessel size for each port and the reported
average container vessel size for 2007. Most major ports receive a mix of vessels whose average
sizes are well below the maximum.

Exhibit 56: Maximum vs. Average Vessel Capacity - TEU
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Berth Call Utilization (Vessel calls per berth vs. maximum calls per berth)

The simplest way to gauge berth capacity utilization is to compare the number of vessels handled
(calls) with the maximum that could have been handled (Exhibit 64). The number that could
have been handled must usually be estimated. The number that could be handled is also affected
by the number of containers discharged and loaded on each one.

Exhibit 64: Berth Call Utilization
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Berth TEU Utilization (Annual TEU per berth vs. maximum TEU per berth
for maximum vessel size)

A more complex look at berth utilization takes into account the maximum TEU that could be
handled if the maximum-size vessel made the maximum number of calls (Exhibit 65). This is an
aggressive comparison, since it measures productivity against a standard that is unlikely to be
attained anywhere. The U.S. average is about 34%. Savannah is at 103%, because the reported
average vessel size is larger than the estimated maximum (due to the use of tides for more draft)
and the calls per berth measure is high. The West Coast ports have low averages because their
current average of vessel size is well below their maximum vessel size.
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Exhibit 65: Berth Utilization - Maximum Vessel Size Basis
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Productivity Implications

Port and terminal throughout could be increased by using larger vessels for the same number of
calls, making more calls with the same vessels, discharging and loading more of the vessel
capacity at each call, or any combination of these changes. In each case more container cranes
and/or crane time would be required to handle the increased cargo while keeping the vessel on
schedule. The crane capacity estimates are based on availability for two shifts per day, 250 days
per year (4,000 annual hours). The cranes are, in fact, available 24 hours per day if the terminal
operator needs the additional shifts to turn the vessel on schedule and is willing to pay for
overtime.

Berth length and draft determine the size of vessels the terminal can handle and how heavily they
can be loaded. The terminal storage capacity depends on the area available and how high the
containers can be stacked. The other variable is operating hours. Most terminals will operate a
second shift as required to turn the vessel, but second shifts are expensive, and third shifts are
still more expensive. Most terminals still open the gates for just one shift.

Port authorities are commonly charged by their communities, regions, or states with promoting
growth of trade, economic development, and jobs. To do so, port and terminal operators attempt
to build and maintain sufficient capacity for foreseeable and attainable growth. Most container
terminal parameters that would allow for growth can only be adjusted through large, costly, and
time-consuming long-term commitments. Development of new terminals, expansion of berths,
and dredging are multi-year, multi-million dollar projects. Expansion of existing terminal space
can be undertaken more easily and inexpensively, but can still take months or years in congested
seaport areas.

In the shorter term, ports and terminals can add container cranes at a cost of $5-$10 million each,
with a lead time of multiple months rather than multiple years. In the very short term, ports and
container terminals can adjust capacity along two dimensions: container yard stacking density
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Exhibit 66: North Atlantic Capacity and Utilization Summary

Container Yard Boston NYNJ
Delaware

River
Baltimore VPA

APM
Portsmouth

N. Atlantic
Ports

2008 TEU 208,626 5,265,058 574,876 613,000 2,083,278 8,744,838
Gross Acres 101 1,338 420 458 680 230 3,227
CY Acres 49 783 120 228 284 78 1,542
CY/Gross Ratio 49% 59% 29% 50% 42% 34% 48%
Annual CY Capacity - TEU 666,400 8,772,400 840,000 2,634,240 3,126,200 1,659,000 17,698,240
Annual TEU/Gross Acre 2,066 3,935 1,369 1,338 3,064 - 2,918
Annual TEU/CY Acre 4,258 6,724 4,791 2,689 7,335 - 5,973
Est. CY TEU Slots 11,900 125,320 15,000 47,040 44,660 23,700 267,620
Avg. CY Slots/ Acre - Density 243 160 125 206 124 306 174
Avg. Annual TEU/CY Slot (Turns) 18 42 38 13 47 - 36
CY Utilization 31% 75% 68% 23% 83% na 55%

Container Cranes Boston NYNJ
Delaware

River
Baltimore VPA

APM
Portsmouth

N. Atlantic
Ports*

Cranes 4 58 8 16 28 6 120
Cranes per Berth 2.0 3.2 1.6 1.6 2.8 1.5 2.4
Annual Crane Capacity - TEU 971,192 14,616,000 2,016,000 3,471,202 7,056,000 1,512,000 29,642,395
Annual TEU/Crane 52,157 90,777 71,860 38,313 74,403 na 76,709
Annual Moves/Crane 30,074 50,432 39,922 24,723 41,335 na 43,137
Annual Vessel Calls/Crane 36 42 62 16 63 na 43
Crane Utilization 21% 36% 29% 18% 30% na 30%

Berths and Vessels Boston NYNJ
Delaware

River
Baltimore VPA

APM
Portsmouth

N. Atlantic
Ports

Berths 2 18 5 10 10 4 49
Berth Feet 2,000 27,421 5,300 8,819 11,460 3,200 58,200
Annual Vessel Calls 145 2,419 499 380 1,752 na 5,195
Annual Vessel Calls per Berth 73 93 62 38 125 na 72
Berth Utilization - Vessel Call Basis 35% 43% 30% 18% 60% na 34%
Annual TEU per Berth 104,313 292,503 114,975 61,300 208,328 na 194,330
Annual TEU/Foot of Berth 104 192 108 70 182 na 159
Average Vessel Capacity - TEU 3,765 3,979 2,234 3,324 3,733 na 3,675
Est. Max. Vessel Capacity - TEU 5,183 7,470 3,420 7,470 6,967 na na
Avg. vs. Max. Vessel Capacity 73% 53% 65% 44% 54% na na
Average TEU per Vessel 1,439 2,177 1,152 2,358 1,189 na 1,683
Avg. Vessel Ute. - % Discharge/Load 38% 55% 52% 71% 32% na 46%
Berth Capacity - Avg. Vessel Basis 598,541 12,223,467 1,437,766 4,413,600 2,720,628 na 21,394,001
Berth Utilization - Avg. Vessel Basis 35% 43% 40% 14% 77% na 41%
Avg. Discharge/Load per Max. Vessel 1,981 4,086 1,764 5,299 2,219 na na
Berth Capacity - Max. Vessel Basis 823,934 22,948,363 2,200,890 9,918,893 5,077,716 na na
Berth Utilization - Max. Vessel Basis 25% 23% 26% 6% 41% na na

As the summary data show, reserve capacity in the North Atlantic is substantial, in part because
of the shear size of NYNJ and Virginia (particularly if the APM terminal is included) and in part
because Boston, Philadelphia, and Baltimore are underutilized.

South Atlantic Ports

Exhibit 67 displays the capacity and utilization estimates for the major South Atlantic ports.
Savannah is the busiest at 39% of the 2008 TEU total, but the shares are more evenly distributed
than in the North Atlantic. The Miami total shown in Exhibit 67 excludes barge traffic through
the Seaboard terminal. All of these ports have significant reserve capacity, although Charleston
and Savannah could become berth-constrained if the average size stays low. Most of the reserve
capacity is at Charleston and Savannah.
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Exhibit 67: South Atlantic Capacity and Utilization Summary

Container Yard Charleston Savannah Jacksonville
Port

Everglades
Miami

S. Atlantic
Ports

2008 TEU 1,635,534 2,616,126 754,352 985,095 685,139 6,676,245
Gross Acres 1,045 1,200 1,085 315 194 3,839
CY Acres 453 495 361 267 139 1,715
CY/Gross Ratio 43% 41% 33% 85% 72% 45%
Annual CY Capacity - TEU 6,605,760 7,238,560 3,090,080 2,318,400 1,292,480 20,545,280
Annual TEU/Gross Acre 1,565 2,180 695 3,127 3,532 1,739
Annual TEU/CY Acre 3,610 5,285 2,090 3,689 4,929 3,893
Est. CY TEU Slots 117,960 129,260 55,180 41,400 23,080 366,880
Avg. CY Slots/ Acre - Density 260 261 153 155 166 214
Avg. Annual TEU/CY Slot (Turns) 14 20 14 24 30 18
CY Utilization 25% 36% 24% 42% 53% 32%

Container Cranes Charleston Savannah Jacksonville
Port

Everglades
Miami

S. Atlantic
Ports

Cranes 19 23 18 8 9 77
Cranes per Berth 2.1 2.6 1.6 1.0 1.3 1.8
Annual Crane Capacity - TEU 4,642,917 5,777,192 4,536,000 2,016,000 2,205,877 19,177,987
Annual TEU/Crane 86,081 113,745 41,908 123,137 76,127 86,704
Annual Moves/Crane 49,317 63,397 23,282 68,409 43,484 48,739
Annual Vessel Calls/Crane 78 79 17 89 64 61
Crane Utilization 35% 45% 17% 49% 31% 35%

Berths and Vessels Charleston Savannah Jacksonville
Port

Everglades
Miami

S. Atlantic
Ports

Berths 9 9 11 8 7 44
Berth Feet 7,940 9,693 9,850 6,125 6,500 40,108
Annual Vessel Calls 1,475 1,659 307 715 576 4,732
Annual Vessel Calls per Berth 164 184 28 89 82 108
Berth Utilization - Vessel Call Basis 79% 71% 13% 43% 40% 52%
Annual TEU per Berth 181,726 290,681 68,577 123,137 97,877 151,733
Annual TEU/Foot of Berth 206 270 77 161 105 166
Average Vessel Capacity - TEU 3,695 4,093 2,365 2,289 3,121 3,466
Est. Max. Vessel Capacity - TEU 6,031 4,067 3,420 4,067 4,067 na
Avg. vs. Max. Vessel Capacity 61% 101% 69% 56% 77% na
Average TEU per Vessel 1,109 1,577 2,457 1,378 2,059 1,411
Avg. Vessel Ute. - % Discharge/Load 30% 39% 104% 60% 66% 41%
Berth Capacity - Avg. Vessel Basis 1,383,828 2,952,012 5,622,011 1,719,439 2,570,079 14,247,368
Berth Utilization - Avg. Vessel Basis 118% 89% 13% 57% 27% 47%
Avg. Discharge/Load per Max. Vessel 1,810 1,567 3,553 2,448 2,683 na
Berth Capacity - Max. Vessel Basis 2,258,566 2,933,090 8,129,312 3,054,850 3,348,897 na
Berth Utilization - Max. Vessel Basis 72% 89% 9% 32% 20% na

Gulf Ports

Exhibit 68 summarizes capacity and utilization estimates for the three major Gulf Coast
container ports. Houston dominates the region with 80% of the total, and has most of the reserve
capacity. New Orleans suffered a setback from Hurricane Katrina and has a competitive
disadvantage from being located roughly 100 miles upriver from the Gulf of Mexico. Mobile,
however, has a new terminal and significant reserve capacity for post-recession growth.
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Exhibit 68: Gulf Coast Capacity and Utilization Summary

Container Yard Mobile
New

Orleans
Houston Gulf Ports

2008 TEU 121,803 313,765 1,794,309 2,229,877
Gross Acres 156 128 433 717
CY Acres 91 79 272 442
CY/Gross Ratio 58% 62% 63% 62%
Annual CY Capacity - TEU 898,240 873,600 3,127,040 4,898,880
Annual TEU/Gross Acre 781 2,451 4,141 3,109
Annual TEU/CY Acre 1,338 3,972 6,597 5,045
Est. CY TEU Slots 16,040 12,480 55,840 84,360
Avg. CY Slots/ Acre - Density 176 158 205 191
Avg. Annual TEU/CY Slot (Turns) 8 25 32 26
CY Utilization 14% 45% 57% 46%

Container Cranes Mobile
New

Orleans
Houston Gulf Ports

Cranes 4 4 19 27
Cranes per Berth 1.3 2.0 2.4 2.1
Annual Crane Capacity - TEU 1,008,000 1,008,000 4,788,000 6,804,000
Annual TEU/Crane 30,451 78,441 94,437 82,588
Annual Moves/Crane 16,917 43,579 52,465 45,882
Annual Vessel Calls/Crane 14 74 45 45
Crane Utilization 12% 31% 37% 33%

Berths and Vessels Mobile
New

Orleans
Houston Gulf Ports

Berths 3 2 8 13
Berth Feet 2,900 2,000 8,000 12,900
Annual Vessel Calls 57 297 854 1,208
Annual Vessel Calls per Berth 19 149 107 93
Berth Utilization - Vessel Call Basis 9% 57% 51% 45%
Annual TEU per Berth 40,601 156,883 224,289 171,529
Annual TEU/Foot of Berth 42 157 224 173
Average Vessel Capacity - TEU 3,895 3,369 3,143 3,234
Est. Max. Vessel Capacity - TEU 3,420 5,183 3,420 na
Avg. vs. Max. Vessel Capacity 114% 65% 92% na
Average TEU per Vessel 2,137 1,056 2,101 1,846
Avg. Vessel Ute. - % Discharge/Load 55% 31% 67% 57%
Berth Capacity - Avg. Vessel Basis 1,333,422 549,353 3,933,193 5,815,968
Berth Utilization - Avg. Vessel Basis 9% 57% 46% 38%
Avg. Discharge/Load per Max. Vessel 1,876 1,625 2,286 na
Berth Capacity - Max. Vessel Basis 1,170,658 1,003,765 4,279,510 na
Berth Utilization - Max. Vessel Basis 10% 31% 42% na
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West Coast Ports

Exhibit 69 summarizes capacity and utilization estimates for the major West Coast container
ports. LALB dominates the West Coast with 77% of the total, due to both a huge local import
market and the practice of moving most intermodal imports bound for the Midwest and beyond
through LALB. Within California, the Port of Oakland has substantial reserve capacity due to
heavy terminal investments in the last decade. In Oregon, the Port of Portland has struggled to
attract and maintain multiple competing services, and is handicapped by both its position 100+
miles up the Columbia River and the proximity of the Puget Sound ports. Not surprisingly,
Portland remains underutilized. Seattle and Tacoma should probably be considered one port, for
comparison purposes, like Los Angeles and Long Beach, although they are physically separated
competitors and their data are shown separately.

Exhibit 69: West Coast Capacity and Utilization Summary

Container Yard LALB Oakland Portland Seattle Tacoma
West Coast

Ports

2008 TEU 14,337,801 1,347,975 245,459 1,376,496 1,347,975 18,655,706
Gross Acres 2,757 786 193 531 525 4,792
CY Acres 1370 455 73 294.75 299 2,492
CY/Gross Ratio 50% 58% 38% 56% 57% 52%
Annual CY Capacity - TEU 16,341,696 4,086,880 862,400 2,949,800 2,250,080 26,490,856
Annual TEU/Gross Acre 5,201 1,715 1,272 2,592 4,286 3,893
Annual TEU/CY Acre 10,466 2,963 3,362 4,670 7,525 7,487
Est. CY TEU Slots 243,180 72,980 12,320 42,140 40,180 410,800
Avg. CY Slots/ Acre - Density 178 160 169 143 134 165
Avg. Annual TEU/CY Slot (Turns) 59 18 20 33 34 45
CY Utilization 88% 33% 36% 58% 60% 70%

Container Cranes LALB Oakland Portland Seattle Tacoma
West Coast

Ports

Cranes 133 32 8 24 25 222
Cranes per Berth 2.7 1.5 4.0 2.2 2.8 2.4
Annual Crane Capacity - TEU 33,130,563 7,817,162 2,016,000 5,697,053 6,576,824 55,237,602
Annual TEU/Crane 107,803 42,124 30,682 57,354 53,919 84,035
Annual Moves/Crane 60,587 24,141 17,046 33,826 28,694 7,502
Annual Vessel Calls/Crane 21 57 19 27 27 27
Crane Utilization 43% 17% 12% 24% 20% 34%

Berths and Vessels LALB Oakland Portland Seattle Tacoma
West Coast

Ports

Berths 49 22 2 11 9 93
Berth Feet 57,053 19,150 1,946 12,810 10,260 101,219
Annual Vessel Calls 2,795 1,831 127 652 671 6,076
Annual Vessel Calls per Berth 57 83 51 59 75 65
Berth Utilization - Vessel Call Basis 27% 40% 25% 35% 36% 31%
Annual TEU per Berth 292,608 61,272 122,730 125,136 149,775 200,599
Annual TEU/Foot of Berth 251 70 126 107 131 184
Average Vessel Capacity - TEU 4,534 4,578 4,358 4,510 4,322 4,518
Est. Max. Vessel Capacity - TEU 13,000 7,470 3,420 7,470 7,997 na
Avg. vs. Max. Vessel Capacity 35% 61% 127% 60% 54% na
Average TEU per Vessel 5,130 736 1,949 2,111 2,009 3,070
Avg. Vessel Ute. - % Discharge/Load 113% 16% 45% 47% 46% 68%
Berth Capacity - Avg. Vessel Basis 52,282,959 3,368,833 810,576 3,952,148 3,760,669 64,175,186
Berth Utilization - Avg. Vessel Basis 27% 40% 30% 35% 36% 29%
Avg. Discharge/Load per Max. Vessel 14,708 1,201 1,529 3,497 3,717 na
Berth Capacity - Max. Vessel Basis 149,907,029 5,497,117 636,062 6,546,180 6,958,498 na
Berth Utilization - Max. Vessel Basis 10% 25% 39% 21% 19% na
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Exhibit 71: Gate Process Time
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Trouble Ticket Share

This measure compares the number of transactions involving trouble tickets to the total number
of transactions. A typical trouble ticket share is 5%. Trouble tickets measure the ability of the
customer, line, terminal, motor carrier, and regulatory agencies to communicate effectively. The
large majority of this communication is routine, repetitious, and electronic. For the 5% of the
transactions that the systems mishandle, expensive human intervention is necessary. Each
trouble ticket typically costs the motor carrier approximately an hour ($50-$60) to resolve.
Exhibit 72 is a list of causes for trouble tickets at one terminal Tioga recently studied.

Exhibit 72: Causes of Trouble Tickets

BOOKING PROBLEMS 28%
Booking does not match equipment type 10%
Booking is not on file 7%
Booking tally has already been reached 7%
Missing notice for hazardous cargo 3%
Booking quantity exceeded for equipment type 3%

DISPATCH PROBLEMS 29%
Cargo not yet released 8%
Driver or motor carrier credential problem 7%
Empty Container/chassis not allowed 6%
Past cargo cutoff 3%
Demurrage due (unpaid bills) 3%
Container exceeds maximum safe weight 2%

SYSTEM PROBLEMS 22%
Container/chassis not recognized 18%
Duplicate transaction 2%
Container not found in yard 2%
Other 20%

TOTAL 100%

In the study mentioned above, Tioga observed that inexperienced drivers and motor carriers have
much higher trouble ticket rates than firms and drivers for whom marine drayage is a primary
business.
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Exhibit 73: APM Portsmouth Gate
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Exhibit 83: Port Productivity Comparisons - 2006

Port
Annual TEU
per Terminal

Annual TEU
per Berth

Annual TEU
per Crane

Annual TEU
per Acre

Hours per
Year

Lifts per
Hour

Useful Excess
Capacity

Deltaport 1,078,000 539,000 180,000 6,883 3,188 24 0.2

Los Angeles 1,169,000 273,000 106,000 4,858 6,096 23 0.8

Long Beach 896,000 184,000 80,000 4,858 6,096 25 1.2

Balboa 500,000 250,000 167,000 23,887 8,760 0.2

Manzanillo 450,000 225,000 113,000 15,385 8,592 0.4

Seattle 556,000 185,000 72,000 3,644 2,146 22 0.2

Vancouver 504,000 252,000 92,000 6,883 3,188 19 0.4

Lazaro 375,000 375,000 188,000 10,121 8,760 0.1

Oakland 347,000 128,000 76,000 3,644 2,322 23 1.0

Tacoma 310,000 172,000 65,000 2,834 2,045 25 1.5

Surrey 200,000 100,000 50,000 2,834 2,250 0

Portland 196,000 65,000 28,000 1,619 2,146 0

Ensenada 109,000 109,000 27,000 3,239 8,760 0

Average 657,000 276,000 121,000 4,858

Source: Hanam Canada Corp. (2007), hectares converted to acres

The report also discusses the emphasis that shipping lines place on lifts per crane hour, noting
that Deltaport and Los Angeles managed about 24 lifts per crane hour compared to 19 at
Vancouver and 35 at Japanese ports. The report compares storage capacity separately (Exhibit
84).

Exhibit 84: Container Storage Capacity - 2006

Terminal Acres
Storage Grounded

TEU
Storage Total

TEU
TEU/Acre

Cal United, Long Beach 15 14,400 43,200 2,808

Seaside, Oakland 9 5,898 17,694 1,900

Hutchison, Ensenada, Mexico 5 6,500 1,235

Pacific Container, Long Beach 41 15,317 45,951 1,113

SSAT, Long Beach (Matson) 11 4,000 12,000 1,059

Canterm, Vancouver 12 12,000 1,022

TSI, Delta 26 24,000 926

SSAT Long Beach 28 24,000 872

APM Terminals, Tacoma 22 4,700 14,100 645

Terminal 6, Portland 32 7,700 238

Source: Hanam Canada Corp. (2007), hectares converted to acres

This is one of very few studies to report cost information (Exhibit 85). The analysis shows the
average port cost per FEU at $358 in California, $345 in Washington State, $289 at Vancouver,
$246 at Deltaport, and $194 at Prince Rupert.
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The conceptual distinction is critical, not only for capacity planning, but for measures of
productivity or efficiency using output as a percentage of capacity. The distinction is also
important for cargo peaking, which may push the terminal close to MPC for a short period. The
definition of SPC as 80% of MPC is effectively an industry rule of thumb. The Parsons
Brinkerhoff study goes on to discuss the possible limiting factors on capacity: wharf/berth,
storage, gates, and intermodal rail. Exhibit 87 shows an analysis of the Ceres and PAG terminals
at New Orleans, in which storage was identified as the binding constraint.

Exhibit 87: Port of New Orleans Capacity Estimates

Terminal Name Ceres PAG Total MPC Total SPC

1. Berth Component 619,000 495,000

2. Storage Component 238,000 356,000 594,000 475,000

3. Gate Component 936,000 749,000

4. Intermodal Rail Component 82,000 66,000

5,400 4,000

619,000

936,000

82,000

Capacity per Gross Terminal Acre

Source: Parsons Brinkerhoff (2009)

Another major port and terminal capacity analysis was undertaken in 2006 for the Port of Long
Beach by JWD Group, Port of Long beach Terminal Capacity Analysis (JWD 2006). This study
developed long-term capacity estimates for the seven Long Beach container terminals using
current and planned dimensions and capabilities. Overall capacity was defined as the lesser of
berth or container yard (CY) capacity, which were independently estimated. CY capacity was
estimated based on acreage, operating mode, stacking height, dwell time, etc., as shown below
(Exhibit 88). (TGS is the abbreviation for twenty-foot ground slots.)

Exhibit 88: Container Yard Operating Parameters

Dwell
(days)

%
Grounded

Mean Stack Height
Grounded

Mode
Grounded Density

(TGS/net acre)

Import local load 4.0 90% 3.5 RTG 100

Import On-dock IM load 2.0 90% 3.5 RTG 100

Import Off-dock IM load 1.5 90% 3.5 RTG 100

Export local load 6.0 95% 3.5 Top-pick 115

Export On-dock IM load 6.0 95% 3.5 Top-pick 115

Export Off-dock IM load 6.0 95% 3.5 Top-pick 115

Import empty na 3.5

Export empty 7.0 95% 5.5 Side-pick 115

Source: JWD (2006)

The JWD study also made the critical distinction between gross and net CY acres, and a further
distinction between CY acres allocated for chassis storage and those available for container
storage. As the results show, the difference between TEU/net acre and TEU/gross acre is
substantial. Berth capacity was estimated as a function of berth size, expected vessel schedules,
project vessel sizes, and discharge rates. A critical step was defining the minimum acceptable
level of service as one that has no more than a 5% chance that one or more vessels would have to
wait for a berth. This provision limited the available vessel time at berth, berth utilization, and






































































