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Locating Short-Term Empty
Container Storage Facilities

Richard Church
University of California
Santa Barbara
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Stacks of chassis at East L.A. Intermodal yard, August,2006 R.L. Church
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Stacked chassis, UPRR East LA Intermodal Facility R.L. Church



A focus on Drayage

Talk Outline:

Introduction to the Port Operations of LA/LB

Understanding container trips & why focus on the
movement of empties?

Modeling truck routes

Base case estimate of VMT associated moving
empties

Modeling the impact of storing containers away
from the port

Possible directions in future work
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LA handles more than 50% of Asia-US
container traffic

70% of the imports moving through LA are
destined outside of Southern California i

Red de Localizacion y Problemas Afines 2012




The forecast: LA/LB port complex

2004 13.1%*
2005 14.2*
2010 19.7
2020 36.0
2030 44.7

*actual volumes

It is estimated that one in seven jobs in Southern California is
directly related to import/export operations

Ports of LA/LB handle approximately 40% of the import cargo into the
us

Numbers in millions of TEUs ( 20 ft equivalent units)
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On-dock rail & the Alameda Corridor

About 20% of the containers are handled
directly by rail

Image from CALMITSIC
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Some of the Alameda Corridor is
below grade

4 T A LT, ———

Below grade track eliminates traffic crossing
issues on local roads

Image from CALMITSIC
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Drayage Trucks

Drayage trucks handle nearly 80% of the
container volume......... to DCs/CrossDocks/etc

Many Drayage trucks are/owner operated,
contracted to handle specific moves. In 2009
there were approximately 14,000 drayage trucks

Image from GreenTrucker.com
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1-710 heading north from the LA ports

Normal daily traffic congestion March 11, 2003 during walk out

of Port workers
Images from CALMITSIC
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Major issues for port operations

* Environment
— Pollution from ship operations
— Pollution from rail operations
— Pollution from drayage operations
* Road Congestion due to drayage operations
— Truck
— Intermodal: ship to truck to rail
* Terminal congestion
* Efficiency
* Infrastructure development
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Current Operations

8 million import containers (16 million total)

mports per daV average: 28,000+
"D ' the LA basin
Co Drayage is the big beast for

80% leave port by truck
— A certain percentage are transported to
one of the rail yards by truck

virtually all containers emptied locally are
returned to the port by truck
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Depicting container moves

Consignee (importing customer)

— 5 loaded container move
— => empty container move

Shipper (exporting customer)

Most empties are taken to the port & stored. Many of those empties are then picked up
and taken to a shipper for filling before export
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Depicting container moves

Consignee

— 5 loaded container move
— => empty container move

shipper

Empties can sometimes be taken directly to a shipper, thereby reducing a move to
the port and a subsequent move from the port

Such moves are supported through the use of a virtual container yard
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Depicting container moves

consignee

container storage yard —> loaded container move
— => empty container move

shipper
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Empty container management

consignee P S~

Note: Since moves of full containers are fixed; the issue is to focus on the
movement of empties and keep empty VMT as small as possible
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Why focus on empty containers?

* Full container moves are fixed, from port to
consignees and from shippers to port

 Empty container moves are flexible

— Street turns are possible with a virtual container yard,
reducing VMT

— Storage yards may reduce VMT

* Can reduce traffic into and out of port area by
storing empties away from port

* Empties can be exchanged...full containers cannot

 Reducing VMT of drayage trucks may have a
significant impact on improving air quality
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Modeling truck routes

e Data: TeleAtlas network & actual truck routes
(GPS coordinates every 12 seconds)

 Model: shortest path problem
— Uses travel times reported by TeleAtlas

 Compare computer generated routes and
actual truck routes
— report routes in terms of distances and times
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An example of GPS points coinciding
with shortest time path
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| ® GPSlocations
— Modeled route
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a second example
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A fourth example

We can then use the truck routing model to estimate the
length and time taken to transport a container from the
'/ | port to a consignee,............ or vice versa

— N AT T T A T DAANTN T N

y£
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Modeling the movement of empties

* Construct a spatially distributed data set of:
— consignee locations
— shipper locations

e Estimate movement of containers: full &
empty
— Base case: port is the only storage yard & all
empties are stored at the port

— Truck routing model can be used to estimate
mileage of each trip
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Dlstrlbutlon of con5|gnee Iocatlons

Trips from
port to TAZs

v \/entura Co./\

o
T

w
Legend:
Number of Trips
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[ 1-30
Bl 31-75
Bl 76-150
Bl 151-300
Bl s01-1525
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~Los Angéles Co.
1,805

Area North of Port

6,987

o e ———"

Loaded Port Truck 2005 Daily Departure Trips by Zo
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We can then calculate the distance traveled to all consignees in transporting all
10,538 full containers (A)

Data extracted from Tioga

consignees
report (2008) daily volumes

10,538 Delivery trips per day

A= 382,199 km/day !

Port

Red de Localizacion y Problemas Afines 2012




Estimating empty container VMT

consignees

7

Data extracted from Tioga
report (2008) daily volumes

10,538 Delivery trips per day

8,384 of these containers are
drayed back to the port as empties

Empty container movement to port per
day equals .80A = 305,759 km/day

/

Port

8,384/10,538 = .80 or 80% of containers are emptied and taken directly to port
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Distribution of shipper locations
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Data extracted from Tioga
report (2008) daily volumes

shippers

4, 243 full containers taken to port

We can then calculate the distance traveled
for full containers drayed to port (B)

B=172,207 km/day !

Port
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Data extracted from Tioga
report (2008) daily volumes

shippers

4, 243 full containers taken to port

3,242 of the needed empties are supplied
directly from port

Empty container movement from port
per day equals .764B = 131,566 km/day

Port
3,242/4,243 = .764 or 76.4% of empty containers are supplied from port
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Estimating total empty container VMT

consignees

9,385 (10,538)
/ 1,001

.80A +.764B + 1001 C = empty VMT

Data extracted from Tioga
report (2008) daily volumes

8,384
shippers
3,234
Estimated empty VMT s
ot N —| approx. 475,000 km/ day

Red de Localizacion y Problemas Afines 2012



OSEM models: Operating perspectives

e System optimal (OSEM1)

— In a system optimal model, the system operates in such a manner
that empty container miles are minimized
— Truckers may be told to drop off empties at far away yards

— Solving for system optimality allows us to determine the highest
efficiency achievable

* User optimal (OSEM2 & OSEM3)

— In a user optimal model, the system tries to achieve similar objectives
but at the same time respects user choice.

— As the drayage business is fragmented and dominated by small and
medium-sized companies, user optimality is a more realistic
assumption. In this context, we assume user prefers closer depots.

— Consequently, it will necessary to rebalance inventories among
storage yards
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Basic problem format

consignees: |
206 different locations

9,385 (10,538) X Storage yards: K
50 different sites

(04 ij

Shippers: |
208 different locations

Port 4,243
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OSEM Models: Notation

| =index representing positionsof consignees i =1,2,...,n
J =index representing positionsof shippers, j=12,....,m
k =index representing potentiallocations for emptystorage,

k=12,...,.S where k=1 representsthanoete—m- _ .
thepﬁrst model need not be binary intege
n

' t
of the trips assigned to @ given depo

| > 1
[ king,
Technically spea '
but are continuous, represent1mg

e, = thevolume of emptyflow from depott todepot k

y, =1, if thea depotis selected at site k, 0 otherwise

X, =1, If consignee i uses depotk todrop off empties, 0 otherwise
x; =1, 1f shipper J picks up empties from depotk, O otherwise

the X variablesintn
the fraction

-I-,h’lll’ I—
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OSEM1: System Optimal

Minimize EMT: empty container miles traveled

K m /
Minimize Z = ZZdtketk+ZZdlk(1 a;)S Xy + D > dy (- B,)D; %,

k=1 j=1
K - \f
2 X =1 Viel percentages of street turns

k=1
K

kZ_llej =1, vjeld Empties from consignees must
) be sent out to depots
X, <Y, VielkeK

X6 <Y, VjelkeK

Zetk—i_Z(l a)S|X|k Zekt Z(l ﬂ)D ij

t=k t=k

Cif k=1
p°” Vk e K
0, otherwise’

et <M.y, VvkekK

= Meet demand for global repositioning of

empties at port; and keep empty container
K inventories balanced at other depots.

Zyk - p \
5 k=1 Locate p storage depots
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OSEM?2 model

OSEM 2: Optimizes driver efficiency, assuming drayage
companies drop off at the closest depot to the consignee or
pick up at the closest depot to the shipper

That is, assume the driver is very “greedy”

A “hot potato” approach to representing the drivers actions
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Minimize EMT: empty container miles traveled

OSEM?2 pd

Minimize Z = ZZdtketk+ZZd,k(1 O!)S.X.k+iidk,(1 B;)D; X,

k=1 i=1 k=1 j=1
K

D X =1, Viel
k=1
K

D xg=1  Vjel

k=1

X, <V, , Viel keK . . . .
ik = Y Require that consignee i uses its

X <Y, ViedkeK / closest depot

> X+ X 2V, VielkeK | | )
A<Ci Require that shipper is served
quj +X% 2 Y, Vjed,keK «—  Dbyits closest depot

qu ik

zewza ;)X = D8 = Z(l—ﬂ,-)D,-xk,- { o P ke

t=k t=K 0, otherwise
de+e. <M.y, VkekK

teK
K

> Ye=p

k=1
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OSEM3 model

Model 3: Also optimizes driver efficiency, but it assumes
that drayage companies would select a mix of drop off
locations (and pick up locations) for empties based upon
relative closeness of the depots

— Drayage companies might have reasons for picking up an empty

container (or dropping off an empty container) at a storage yard
location other than the closest

— For example, a farther facility may be on their way to a
subsequent destination
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percentage of times the [t closest depot is used

OSEM3 N

L K K m
Minimize Z = ZZdtketk +2226’ndik (1-a)Sixi + 2. D> 0,d (1 B,)D;X;,
t=1 =1 1=1 J=

=}

dxy=1  Vjell=1.L
“ Forces x;/ to be 1 if kis the [ closest
depot to consignee i.

(Generalized Closest Assignment
constraint due to Church and Cohon)

);i'kSyk, Viel, keK

Xig < Vi Vjed,k

inlq +ZXiT< 2 Yy

=1,23,...,.L

g9eCy s<I

DX+ X2y Vield, 1=123,..,L

qeC i s<|

Sey + 33 0,0 a)Sk Y e > 300, (1 gD, = | rere T
t2k : I=1 i=1 ! o tk “ =1 j=1 / A 0, otherwise

et <M.y, VvkekK

teK

K
2 Zyk =P
k=1
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Consignee Locations
\ \\\ e \ JT\ w L \ .4[\ N LH?W\B/

/
[yl ‘&F{—T
> 1:( W
. I
- !.
}i LY
ks ( \g l\? }
h \é ‘1\ \
~4 2 JL-KS .
208 locations representing TAZs
which have active consignees <A \

Red de Localizacion y Problemas Afines 2012




1ONS

ipper locati

Sh

L=

=

IR
3

e’

b

1
>

o

=

S

P

3

S

i

5

s

P

~J

(IR

A

T

N

ISEn

i

5L

KL ©
)/ v -

@
LW

206 locations representing TAZs

which have active shippers

o
i
(@]
N
(%]
(&)
C
4=
<
(%]
©
=
K,
0
(o]
—
2y,
>
=
NS
(®]
©
N
‘©
O
(@)
—]
[}
©
©
[}
o




Potential sites

S BN
: : . e 7 3 |
50 capdldate S|t§s for s.torage yards. <%’3§@? C Ry
near highway and highway intersections WL o PN

8/
where there exists a high concentration of distribution centers.
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OSEM1 result for 10% street turns and 3
storage yards (including port)

e [ T
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VMT in moving empty containers can be reduced by
more than 30% using 1 depot away from the port!

500000

450000

400000

350000

300000

250000

200000

150000

100000

50000

OSEM1 Travel breakdown with street turns = 10%

\ System travel decreases

\’\i ——EMT
== Consignee

“ —N
—_—— >— ¢
== Shipper

‘.——¢.=I* T = =l  =>¢=Inter-depot

\ ~No inter-depot flows for

\‘\‘\.ﬁ‘ / a system optimal model
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Perspective: achieving only half of the
savings vields.......

e 75,000 km / day reduction for 1 additional
storage yard

* Equals 46,500 miles/day reduction in VMT

e saves 5,200 gallons of fuel (9 mpg)

e Saves $15,600 per day in fuel (S3 /gal.)

* Reduces CO, emissions by 115,000 |bs per day
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OSEM2 result for 10% street turns and 3
storage facilities

—TT

Drivers are greedy, drop off container as
guickly as possible
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OSEM2 Travel breakdown with 10% street turns

500000

\ <« Note: Total VMT slightly larger than base
case as there is a slight difference from
street turn percentages

450000

400000

350000

100000 \ \\‘\‘\,_ —

\ =——EMT
250000 =i— Consignee
== Shipper
200000 == |nter-depot
N L b\L m—(
150000 . .
. — \ A user optimal model will

VMT can be reduced by more than 15% using 1 generate inter-depot flow

depot away from the port!

50000 // ‘\‘%\‘\t\‘__ﬁ_‘_‘
1 | 2 | | | | | | | |

3 4 5 6 7 8 9 10
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OSEMS3 result for 10% street turns and 3

storage yards, with [0.8,0.2]
=1 [ 1 J—_

This is a fairly pessimistic case!
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VMT can be reduced by more than 10% using 1
depot away from the port!

OSEM3 Travel breakdown 10% street turns, 9=[.8 .2]

500000

450000 \

400000

. \ \\
300000

=0=EMT
250000 == Consignee

== Shipper
200000 Inter-depot

150000 //
100000 \
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Model results: User opt. vs. System opt.

EMT vs. Number of Depots, a=0.1

500000 User optimal models
, produce more travel but

450000 N
\\ / reflects user preference
400000 -

350000

/
300000 \\ \.\-\-\'ﬂ%
\‘\o\

—4—0SEM1
250000 ~—— _ ——0SEM2
. 1 ‘
\ —A—0OSEM3[.8 .2]
200000 4= 0SEM3[.6 .4]

150000

The system optimal model
“achieves lowest total
50000 travel possible

100000
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Model results: Empties entering the port

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

N
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Model results: Empties leaving the port

3500

3000

2500

2000

1500

1000

500 ~
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Empties moving in/out of port:
1 storage yard

* Empties entering: 8,300 reduced to 6,500
* Empties leaving: 3,200 reduced to 500

* Total reduction of empties entering or leaving
port 4,500 per day

* Note: many trips are preceded by a bobtail leg:
— Entering as a bobtail to pick up an empty or full
— Exiting as a bobtail after dropping off an empty or full

— Thus, there is the possibility of better trip
coordination to reduce traffic further
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Summary

 We now have an accurate picture of the
potential savings associated with developing
away from port storage yards for empties
— Significant reductions in VMT
— Significant reductions in port entries

— Significant reduction in vehicle operator times
(may allow them to do more trips in a given day)

— Fuel savings and emissions reductions
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End/Aft

ITAL FLORIDA
TRIESTE
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What makes sense as a next step

* Simulate empty transport trips and estimate
impacts on air emissions with added storage
yards

e Estimate traffic impacts on 1-710, [-110, and
47

* Develop a truck simulation model for
simulating movement of drayage truck activity
to focus on bobtail movement (moves when
the truck is not pulling an empty container)
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the following slides are for reference only
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Estimating empty container VMT

consignees
Data extracted from Tioga
report (2008) daily volumes
9385 1001
8384
shippers
3234
Estimated empty VMT
4243 450,000 km/ day
Port
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Import vs. Export

* Trade imbalance: imports exceed exports
— Imports: nearly 100% full
— Exports: nationally 70% full

LALB, 30-40% full
* Export containers to China: wastepaper,
electronic waste, and scrap metals
* Terminals want empties returned as soon

as possible
— Makes sense to terminal operator since
many are reloaded onto ships empty
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Millions

Containers handled by Port of LB,
in millions of TEUs

0 Empties
{0 Loaded (OuUt) f----vnmmmmmeeiii
[J Loaded (in)
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Millions

Containers handled by Port of LA,
in millions of TEUs

O Empty (out)
O Loaded (out)
....... B Empty (in)

[ Loaded (in)
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Optimal Storage of Empties Model (OSEM)

e System-wide objectives:

— Minimize the total empty container travel in terms
of distances or travel times

— Respect the need for empties at the port for
global repositioning to e.g. Asia

— Keep empty container traffic at the port complex
to a minimum
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