


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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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

43%

30%

18%

60%

0%

71%

13%

43%

52% 51%

27%

40%35%

57%

36%

79%

45%
51%

35%
39%

25%

31%

9%

40%34%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

Bost
on

NYNJ

Del
aw

ar
e Riv

er

Bal
tim

ore
VPA

APM
Ports

m
outh

N. A
tla

ntic
Ports

Char
le

st
on

Sav
an

nah

Ja
ck

so
nvi

lle

Port
Eve

rg
la

des

M
ia

m
i

S. A
tla

ntic
Ports

M
obile

New
Orle

an
s

Houst
on

Gulf
Ports

Eas
t &

Gulf
Coas

t Ports
LALB

Oak
la

nd

Portl
an

d

Sea
ttl

e

Tac
om

a

W
es

t Coas
t Ports

U.S
. M

ai
nla

nd
Ports

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.










































































































































































































































