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casinos. Bus and passenger volumes can change sig
nificantly in response to variations in the incen
tives offered by a particular casino relative to its 
competitors. These results are confirmed by the 
relationships shown in ~·1gure 4. 

The preceding paragraphs discuss the various 
strategies followed by the casinos and their reli
ance on bus patrons. The importance of this trans
portation system is confirmed by the fact that all 
casinos operate a bus program. To indicate the eco
nomic impact of the casino buses, the number of 
patrons was converted to dollars spent. The casinos 
do not reveal market research data, but it is qen
erally cecuy11h,;,cl Lhat caeino bue patrona apcnd ,m 
average of $50 to $70 each visit. Based on ten mil
lion annual visitors, the casino bus transportation 
system generates tourist expenditures that exceed 
one-half billion dollars and could reach $700 mil
l ion. Clearly the casino bus transportation system 
plays a majoi- role in assurinq the economic viabil-
i ty of the casino inciusti,y anu 
region. 

GOVERNMENT ROLE 

• • - .. ... .. _ _ _.....! - ..-.J ...... 
l;Ut::: tt.l..l..ctlll..L\,; .._.-L'-:J. 

The casino buses are owned and operated by private 
firms that recover ,tl l r.osts from farebox revenue. 
For this reason no government funds, either operat
ing ;:1ccic:1-;::\n~~ or (!~pit:al fundsf are requiteU. This 
contrasts with urban transit systP.ms throughout the 
nation as well as intercity bus carriers to a cer
tain extent. Although government funding is not 
required, a regulatory role is mandated. The large 
volume of buses can produce traffic congestion and 
delays for residents. Also, the routing of buses 
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through and the storage of buses in residential 
areas can be disruptive. Recognizing these problem 
areas, the Atlantic County Transportation Authority 
(ACTA) has developed a management plan for routing 
and parK1ng casino ouses in Aciancic City. ~u a~~u•~ 
the implementation of the plan, ACTA has requested 
and received power to regulate the flow and movement 
of buses. In this way the economic and transporta
tion benefits of casino buses can be realized while 
the potential adverse consequences are limited. Such 
an approach is unusual for a local authority, but 
the unique conditions brought about by casino gam
bling called for such innovative solutions. 

CONCLUSIONS 

In this paper a brief overview of the casino bus 
transportation system has been provided. The casino 
bus system serves as an important transport mode to 
and fr-vm ~tlo.iitic City, ~~d it alsc- ha~ ~n~'.'..'1.!!'~'Jen 
the economic development envisioned with casino 
gambling. Of particular note is the evolution of 
this transportation system and its operation by the 
private sector. It is anticipated that the dimen
sions and importance of the casino bus system will 
grow and keep pace with the development of new casi
nos in Atlantic City in the future. Further, the 
casino buses will continue to constitute a signifi
cant approach to assuring the ~c.ono:rnic vitality of 
the tourist industry and the region. 

Publication of this paper sponsored by Committee on 
Intercity Bus Transportation. 

Optimizing the Use of a Containership Berth 

PAUL SCHONFELD and STEPHEN FRANK 

ABSTRACT 

Total system costs, including those of 
berths, cranes, storage yards, dock labor, 
ships, containers, and cargo, are minimized 
for single-berth containership terminals 
under various assumptions. The analytic 
model accounts for queueing delays to ships, 
mutual interference among cranes, minimum 
work shifts, and storage yard requirements. 
Results indicate that total system costs per 
ship or per ton of cargo can be signifi
cantly decreased by increasing the number of 
cranes per berth and berth use above current 

to labor costs and work rules. 

Containerization has been widely adopted in ocean 
shipping since the late 1950s because it offers some 
compelling advantages over break-bulk shipping. 'By 
handling the carqo in relatively large standardized 
intermor'lal containers, the time and cost of trans
ferring cargo in ports can be reduced substantially. 
The cost and weight of cranes required to handle 
containers Preclude their installation on modern 
specialized containerships. Thus, unlike older 
ships, most containerships have no self-loading or 
self-unloading capability. 

Given the high cost of containerships and termi
nal facilities, it is desirable to use both ships 
and terminals as efficiently as possible. However, 
some current plans for containerport development may 
,~~n to 1_1~~@r•.1~~ nf! ~nnt,-in~rpor-t capacity as well 
as suboptimal turnaround times for ships. Typically 
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such plans include the construction of large numbers 
of berths relative to the ship arrivals forecast. 
Some containerports seem to provide too many berths 
for the expected number of ships (e.q., 1.4 berth 
days per ship arrival is typical) and too few cranes 
(e.g., 1.43 cranes per berth at one modern facil
ity). The combination of too many berths and too few 
cranes may result in underused port capacity and 
needlessly long turnaround times for ships. The 
theory presented here is that, for a given rate of 
ship arrivals, fewer berths and more cranes per 
berth would provide a better solution by reducinq 
the capital cost of berths as well as reducing the 
total time each ship spends in port. To test that 
hypothesis, a mathematical model was developed to 
determine total system costs under a wide range of 
assumptions and circumstances, and to optimize the 
ratios of ships to berth and cranes to berth. In 
this paper the simplest version of the model and 
some initial results obtained with it are presented. 
The results presented here are limited to one-berth 
terminals. (The model has been extended to multi
berth terminals, for which results will be published 
soon.) Such results are useful because many small 
ports and many private companies in large ports 
operate one-berth terminals. 

L !TERATl!RF. RF.VIEW 

Several authors including Plumlee (_!), Nicolau Cll, 
and Wanhill Cl) have sought to optimize the number 
of general-cargo berths in a port by minimizing a 
sum of port costs and ship delays. Fratar, Goodman, 
and Brandt (4), Jones and Blunden (5), and Miller 
(6) have inv;stigated the applicability of various 
q-;;eueing models and statistical distributions for 
arrival and service rates. Oueueing theory has been 
applied by Wilson (7) to lock capacity analysis and 
by Freund (8) to barge fleeting operations. 

Boyer (1) discusses various aspects of container
ization including berth use and productivity. Boyer 
defines berth use as ship calls per week divided by 
7 days per week rather than occupied hours divided 
by total hours per week. He also suggests that four 
ship calls per week represent practical berth caoac
ity and that "scheduling beyond four days (i.e., 
four ships per week) means that ships will fre
quently be kept waiting for berths, and container
ship operators will not tolerate delays.• Further
more, he states that "one crane (i.e., per ship) 
operating on a single shift will handle this demand 
(i.e., four ships per week) with time to spare" 
(9,p.463). These two statements do not seem fully 
consistent. The results presented here indicate that 
with more cranes per berth more than four ships per 
week can be handled without unacceptable delay, 
especially if the savings in facilities costs can be 
passed to shipowners through reduced port charges. 

MODEL FORMULATION 

The optimization of containerport design and opera
tion requires trade-offs among several important 
elements, including berths, cranes, storage facil
ities, work crews, ships, containers, and cargo. 
Interaction, both competitive and cooperative, with 
surface transportation and other ports should also 
be considered in a complete analysis, although a 
relatively simple model can incorporate most of the 
important cost relations. The full capacity of a 
port and its components cannot be used without im
posing excessive delays on ships. Because ship ar
rival rates, container handling (or transfer) rates, 
and the number of containers transferred per ship 

57 

are all stochas tic variables, thet"e are inevitably 
times when ships must wait in queues for a berth to 
become available. To properly balance the costs of 
delays to ships and cargo versus the cost of facil
ities, a total system cost function can be formu
lated. This function can be used to summarize the 
total costs to the relevant parties (shipowners, 
shippers, and port operators). A subset of this 
total cost function may be used in conjunction with 
appropriate revenue functions to optimize the 
system from a narrower viewpoint, for example, that 
of a port authority. It should be noted that some 
companies own and operate both containerships and 
terminal facilities and hence would be concerned 
with the combined cost of ships and terminals. 

The total cost function consists of the following 
six components: 

where, in dollars per hour, 

C total system cost, 
Cb berth cost, 
Cr cost of cranes, 
Cy cost of storage yards, 
Ct labor cost for crane gangs, 
Cs cost of ships in port, and 
Cu cost of containers and their cargo. 

Using the definitions of variables 
Table 1, these cost components may be 
follows. 

C, = bnR 

Cy= zaY 

Cu= 1>.spU 

presented 
formulated 

(I) 

in 
as 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

The cost per berth hour B of Equation 2 is ob
tained by multipl ying the init ial berth cost Bi 
by the capital r ecovery factor to get the yearly 
cost, adding the annual maintenance cost Mb, and 
dividing the entire sum by 365 x 24 hours per year. 

B = (l B; [i (I + it] / [(I + it - 11 l + Mb (365 x 24)) /(365 x 24) (8) 

The cost per crane hour R in Equation 3 is simi
larly derived from the initial and operating costs 
of individual cranes, although the economic lifetime 
of cranes is usually shorter than that of berths. 

The required container capacity of the storage 
yard (z in Equation 4) is the product of ship ar
rival rate A, containers exchanged per ship x, 
average yard dwell timed, and a safety factor ds: 

z = AXdd, (9) 

The safety factor ds provides sufficient yard 
capacity for larger than average A, x, and/or a. 
Alternatively, for a given yard capacity z, the 
maximum allowable average dwe ll time dmax is ob
tained by lettinq ds = 1.0 and i!iv iding Equation q 

by AX: 

(10) 

The maximum A or x allowed by the yard storage 
capacity can be similarly determined from Equation 9. 
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Transfer (i.e., loading and unloading) time of a 
ship depends on the number of containers x exchanged 
per ship at that terminal: the container handling 
rate y, which is also called the crane cycle time: 
and the numtier of cranes n serv i cing t:.ne ship. if 
the cranes could operate without mutual interference 
and if the work load were equally distributed among 
then cranes, the transfer time would be 

t = xy/n (11) 

However, because interference may occur, especially 
truck mO\."ements under the cranes , and because the 
containers are unlikely to be evenly dh1trluutetl 111 
the ship, the following function is used in this 
model: 

t=xy/n 1 (12) 

in which the exponent F may be less than 1. 0 . I\ 

~:aJca: fl. ~ctl~~mi~ ~~!5 =~:~5 ot:a:n! c;:;::, c~~r!: 
cranes can do 3.85 2 2.54 times the work of one 
crane, and so on. Although the interference function 
may not be precisely known for large values of n , 
its possible implications can be examined through 
parametric analysis. An f value of 1.0 in Equation 
12 is equivalent to assuming no interference and 
reverting to Equation 11. 

The 1.aoor cos t Co iEGua i:.io i-1 5; 
either by the service time t or the 
duration imin• which is typically 4 
the labor time 9. ( in hours per ship) 
as 

Q = Max (t, Rmin) 

is determined 
minimum shift 
hours. Hence 
is expressed 

(I 3) 

In Equation 5 l is multiplied by the number of 
crane gangs per sh i p n, which is equal to the number 
of cranes per ship: by the cost per gang hour L: and 
by the ship arrival rate A to obtain the total 
labor cost per hour Ct• 

The total service time µ includes the container 
transfer time to as well as the maneuvering (i.e., 
docking and undocking) time m, during which the 
berth is inaccessible to other ships. The service 
rateµ is therefore 

µ=J /( t+ m) (14) 

The average time that a ship spends in port is 
the sum of the service time 1/µ and the queue wait 
time w. Queue wa i t time depends on arrival and ser
vice rates, on the number of berths, and on the 
distributions of arrival rates and service times. 
Simple functions for the queue wait time are avail
able for any service time distributions ( including 
arbitrary distributions the standard deviation of 
which is known) for single-server cases (10). For 
multiserver cases, a simple wait time function is 
available for exponential service times only (101, 
but several studies (4-6) confirm that exponential 
service times are applicable. Those studies also 
verify the applicability of Poisson arrival times. 
In the single-berth case analyzed here, Poisson 
arrivals and exponential service times mean that the 
queue wait time is 

w = [!/(µ - o.)J - !/µ (15) 

and that the average time in port is 

s = w + I/µ = l /(µ - o.) (16) 

Pnrt-. t:;m., " i" a factor in ship costs (Equation 
6) as well as shipper costs (Equation 7). For each 
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hour in port, a ship incurs depreciation, crew, 
auxiliary power, insurance, and other costs, total
ing S $/hr, which is multiplied by the time in port 
s to obtain the cost per ship. That in turn is 
mul~ip:i..ieci by che Iloucly tt i,i~ <1LL.ival LGL~ ~ t.. v 

obtain the hourly cost Cs for all ships idling in 
port (Equation 61. 

Similarly, to obtain the time cost Cu for all 
containers on board ships (Equation 7), multiply P, 
the average number of containers on board each ship 
(not the number exchanged) by the hourly cost (i.e., 
value of time) of containers U, the port time per 
sh i p s , and the ship arrival rate ), • The hourly 
eo!!t uf eu11Ldl11et s ls a weighted average of the 
capital recovery factors (Equation 8) for all car
goes and containers, including empty containers. A 
weighted average accounts for widely differing 
values for different types of cargo and for the 
relatively high time value of cargoes with short 
e conomic lifetimes (e.g., perishables and rapidly 
_,_ - - · - -- ..!-- .!,._ __ _ , 
UUbU.Lt:::'b\,; .1.llY .1. l..t::IUO, • 

The foregoing formulation provides a cost model 
more comprehensive than those of Plumlee ( 4 l , Ni
colau (5), and Wanhill (6). It would be desi~ble to 
model and optimize the s"torage element in more de
tail because a reduction in container dwell time 
would reduce (al the size and cost of the storage 
yard, (bl the time cost (depreciation and interest) 
for stored containers, and (cl the average length of. 

It should b e noted that the mode l i s simpi e 
enough that the cost for any combination of input 
variables can easily be c omp uted with a nonp.r oqram
mable calculator. A. per s o na l computer can be , and 
has been, programmed to run the model. 

PARAMETER VALIJES 

The baseline analysis used the parameter values 
given in Table 1. These values are based on informa
tion obtained from trade publications and port 
plans, discussions with port officials, and Maritime 
A.dministration data on ship costs. In very f.ew cases 
(e.g., for the life t imes of cargoes in containers) 
there was no reliabl e data and estimates were used. 
Although the baseline parameter values are typical, 
their precision is not critical in this paper be
cause the basic conclusions hol d for a wide range of 
values. For specific applications, model users 
should, of c our s e, i np u t the best available values 
and use sens it i v i t y ana lysis to check how changes in 
parameter values affect their decisions. 

The baseline values (Table ll for the berth costs 
(B = $350/hrl assume the initial berth cost is $28 
million, the interest rate is 12 percent, the eco
nomic life is 40 years, and the annual maintenance 
cost is about 10 percent of the initial cost. The 
same values, except for an initial cost of $200,000 
per acre, are used to obtain an initial cost of $12 
million and hourly cost of $150 for a 60-acre stor
age yard . At 1 2 percent i nteres t, li fetimes beyo nd 
30 yea rs have vP. r y l i t t le add i tional eff ect on 
hour l y cos ts. Rowever , the hourly cos ts of con
tai ners and cargoes a re sensi .t i ve to the s horter 
assumed weighted average lifetimes of 7 and 3 years, 
respectively. Containers are assumed to cost $5,000 
initially, and the average cargo value is assumed to 
be $30,000 pe r c ontainer. 

Rl':SULTS 

The model presented here was used mainly to examine 
t h e e ff~~t:R nf the number of cranes n, ship arrival 
rate >., and various exogenous parameters on total 
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system costs. Four cases were defined using the 
following assumptions. 

P.--No interference among cranes and no minimum 
labor shift, 

R--No interference among cranes and a 4-hr mini
mum shift, 

c--Mutual interference among cranes and no mini
mum labor shift, and 

o--Mutual interference among cranes and a 4-hr 
minimum shift. 

These cases represent assumptions that range from 
quite ideal (P.) to quite realistic (D). Case D of
fers the most useful baseline for practical results 
under currently prevailing conditions. Using the 
baseline parameter values from Table 1, Figure 1 
shows how the total system cost C varies with the 
number of cranes n in the four cases A, B, c, and o, 
and also in case D' that has a more extreme inter
ference parameter (f = 0.7 instead of 0.85 in cases 
C and D, and 1.00 in cases P. and Bl. The optimal 
(i.e., minimum total cost) number of cranes n is 
circled on the cost curves. As should be expected , 
case A has the lowest cost at any number of cranes 
n. It is notable that, without 4-hr minimum shifts 
in cases A and C, the costs are lowered by using 
more cranes during shorter transfer times. In cases 
Band D, with 4-hr minimum shifts, it is not cost
effective to seek transfer times below 4 hr, and the 
optimal number of cranes is whatever will brinq the 
transfer time t (Equation 12) close to 4 hr. As the 
minimum shift duration decreases, the optimal number 
of cranes increases and total cost dec reases. 

As expected, with mutua l interference a mong 
cranes in cases Cand o, costs are higher than in 
the corresponding cases P. and B without i nterfer-

TABLE 1 Variables 

Symbol Definition 
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ence. Cases B, D, and n' show t he increase i n costs 
as the interference exponent f qoes from 1 .0 /i.e., 
no interference) to O. 70 in o '. The increase in 
interference i ncreases the optima l number of cranes 
n* only e nough to bring the ti:-ansfer time down to 
about 4 hr, which is the minimum s hift in cases 13 , 
n, and o•. (All parameters other tha n f are a lso 
equal in those three cases.) 

Figures 2 and 3 show the effect of the number of 
cranes on the relative magnitude of the various cost 
components and the composition of the total cost in 
case D. In Figure 2 ship cost Cs and container 
user cost Cu decrease s ha rply as additional cranes 
reduce the tr a nsfer t ime in port. The crane cost 
Cr increases proportionally with n. The labor cost 
<;. also increases proportionally with the number 
of cranes when many cranes are used because each 
crane's labor gang is paid for 4 hr even though the 
transfer time decreases with n. P.t small values of n 
(1 and 2 cranes) the labor cost does not decrease 
proportionally with n because the small number of 
cranes requires shifts longer than 4 hr. The berth 
cost Cb and storage yard cost Cy do not vary at 
all with the number of c ranes usen . 

Figures 4 and 5 show for cases A and D, respec
tively, the sensitivity of the total costs C and of 
the optimal number of cranes n* to a 50 percent 
increas e in various parameters. Of interest here are 
the cost parameters for be r ths B, cranes R, ships s, 
containers and their cargo u, labor L, the average 
ship payload p, and the exchange vol ume x. As each 
of these parameters is increased by 50 percent, the 
total costs increase and the optimal number of 
cranes n* changes in the expected direction. Specif
ically, n* tends to increase as the ship cost S, 
container cost U, ship payload p, and exchange vol
ume x increase: and n* tends to decrease as crane 

Baseline Value 

a Number of acres of storage yard per container 0.0177 
b Number of berths in terminal 1 
B Hourly berth cost($) 350 
Bi Initial berth cost{$) 28,000,000 
C Total system cost ($/hr) 

c Average system cost {$/ship served) 
Cb Berth cost ($/hr) 
C2 Dock labor cost ($/hr) 
Cr Cost of cranes ($/hr) 
c, Cost of ships in port ($/hr) 
Cu Cost of containers and cargo 
Cy Cost of storage yards ($/hr) 
d Average yard dwell time (hr/container) 
dmax Allowable yard dwell time {hr/container) 
ct, Dwell margin 
f Crane interference exponent 0.85 

Interest rate 0.12 
Paid labor time (hr/gang/ship) 

l2min Minimum shift duration {hr) 4 
L Labor cost {$/gang hour) 600 
m Maneuver (docking and undoeking) time (hr/ship) 1.0 
Mb Annual maintenance cost per berl h 2,800,000 
n Number of cranes per berth 
n• Optimal number of cranes per berth 
N Economic lifetime (yr) 
p Average payload (containers/ship) 600 
R Crane cost ($/crane hr) 42 
s Average time in port {hr/ship) 
s Ship cost in port ($/ship hr) 700 
t Container transfer time (hr/ship) 
u Average cost o( container and its contents {$/container hr) 1.50 
w Average queueing time (hr/ship) 
X Excho.nge volume (containers transferred/ship) 180 
y Crane cycle time (hr/container) 0.045 
y Storage yard cost ($/acre hr) 2.5 
z Number of container slots per berth 
A Arrival rate (ships/hr) 0.1 
µ Service rate (ships/hr) 
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cost R and labor cost L increase, An increase in 
berth cost B (and/or yard cost Y) simply shifts the 
whole curve upward without shifting the optimal 
number of cranes n* at its minimum point (Figure 2), 

Figures 6-9 show the effects of ship arrival rate 
A on the optimal number of cranes n*, on total 
costs (Figures 6 and 8), and on the average cost per 

ship served C (Figures 7 and 9). The average cost is 
the total cost C divided by the arrival rate A: 

C =C/"A (17) 

Although total costs (Figures 6 and 8) always in
crease with A, the average cost (i.e., the total 
system cost per served ship) decreases with A up 
to higher values of A than are encountered in 
current port practice. Thus in case D (Figure 9) the 

cost per ship C continues to decrease up to arrival 
rates of approximately 0.1 ship per hour (= 2.4 ships 
per day= 72 ships per month). The most cost-effec
tive arrival rate per berth would be even higher in 
multiple-berth terminals. 

The assumption of exponential service times may 
also exaggerate somewhat the queueing delays and 
lead to a slight underestimate of the optimal ships 
to berth ratio. Figures 6 through 9 also show, as 
expected, that the optimal number of cranes n* in
creases as the arrival rate increases. For the real
istic case o, the optimal combination, in terms of 
total system cost per ship served, is approximately 
0.1 ship per hour (16.8 ships per week) and 4 cranes 
at the one-berth terminal. This represents more 
intensive berth use than the four ships per week 
limit suggested by Boyer <il and involves more 
cranes per berth than are currently provided at most 
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terminals. The assumption that container transfer 
operations can proceed 24 hours per day 365 days per 
year is implicit in the results obtained from 
Boyer's guidelines (,2), and much current practice 
Wl')l_~lf".1 ::1nro~,... mn,..n ,...,.,~~,-.."""~h1,.. .f.f: +-h...,+- .,.,..,..,,..,..p.&...f,.._ .... ,....,......., 

truly unrealistic. 

CONCL!TSIONS 

The results presented here indicate that the total 
system cost per ship (or per container, or per ton) 
served could be decreased by increasing the number 
of cranes pet ble!1Ll1 dllll ble!Llh use (e.y., by building 
fewer berths for a given ship arrival rate) con
siderably beyond present levels. These results are 
especially sensitive to institutional factors such 
as the minimum duration of labor shifts and the 
possibility of working around the clock. The effects 
of other parameters on the optimal number of cranes, 

-··-·-- ___ .,__ ---
01011..,;;;11t \.,,._,01..Q .... QII 

analyzed with the model developed here. 
With appropriate modifications, this model could 

also be used to examine multiple-berth terminals 
with variable-length berths, improved crane inter
ference functions and service time distributions, 
storage yard operation, and the possibility of 
having labor gangs work on more than one ship per 
shift. 
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