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Land Use Constraints in Locating lntermodal Terminals 

RICHARD A. STALEY 

lntermodal fre ight terminals aro land intensive, in that each requires a substan· 
tial dedicated land area, and they are usually sited within urban areas. Somo 
are locationally constrained due to m~o dominance (o.g., a container port 
must be located at watorsido) . For those reasons, developers and users of new 
intermodal freight terminals may find themselves limited in their choice of lo· 
cations. Existi ng facil ities may also have limited opportunities for redevelop· 
mentor expansion or both . In addition to natural locational constraints on 
intermodal freight terminal site selection, there can also be a number of social 
or environmental constraints. Noise and around-the-clock operation are but 
two examples. Existing lntermodol terminal facilities are often only tolerated 
in urban areas, and the lend may be rozoned to a higher use by those who ad· 
vocate urban redevelopment. Thus, due to ponlblo zoning restrictions based 
on env ironmental or other similar const raints, developers and users ol lntor· 
modal freight terminals moy find their locational and opnrat lonal options 
severely limited, or exercisable only al drastically reduced levels of efficiency. 
Special land use :toning or urban fand development under tho joint-use concept 
ls recommended In order to assure user viability of now or expanded lntermodal 
freight facilltloi to serve all forms of goods transport . Community education 
and involvement may also be roqu ired to prevent unworra ntod restraints. 

Applied to freight transport, the term intermodal 
may have become one of the most used--and mis
used--of terms. To a water carrier, intermodal 
means tra nsferr ing goods to o r from sh ips at dock
s ide . To t he rail r oads , i ntermodal nor mally con
notes piggybac k [tr ailer-on-flatcar (TOFCJJ, which 
i nvolves r ails a nd mot or t r ucks . 

The people who draft intermodal cargo container 
standards have adopted a broader definition of the 
te rm. They defi ne inter modal as " t he carriage o f 
goods by t wo o r more modes of transpor t " ( l ) . From 
t h i s, it would a ppear tha t i n t ermodal t ermi nals may 
be def i ned as l ocations where freigh t is transfer r ed 
between any t wo or mo ce freight modes, including 
airports, piggyback (TOFC) yards, pipeline termi
nals, a nd sea, l a ke , and river ports . The freight 
modes that use s uch facil ities would be a ny appro
p r i ate mi x of trucks , rail roads , s hips , barges, air
craft, or pipelines. 

In real-world operations, some intermodal trans
fer s are unl i ke l y (e . g ., pipeline to a ircraft) while 
othe rs a r e e nco un tered frequ ently (e . g., ships to 
trucks o r r a i l roads ). Boweve r, any t ransfer of 
fr e ight between t wo or more transport modes is in
termodal, and where s uch a transfer occurs is, in 
fact, an intermodal t ermi nal. 

INTERMODAL FREIGHT TERMINAL REQUIREMENTS 

The requ i rements f o r v iable i n termoda l f r eigh t ter
minals , in and of t hems e l ves , provide i ns i ght into 
why s uch f aci l i t ies may face locational or opera
tional constrain ts . There f ore , it is essen tial that 
these requirements be categorized and classified. 
Some intermodal terminals are basically mode domi
nant in that their location or function is deter
mined primarily by a single transport mode. Ports 
fall within this category because their location is 
dictated by the presence of navigable water. To a 
lesser degree, the same may be said of airports, 
where the primary cons ideration is unencumbered 
space to ac commodate aircraft ope r ations . Pipeline 
terminals, t oo, r epresent a marginal form of a mode
dominant facility. 

At the other extreme, trucking operations can ad
just to nearly any locational environment. There
fore, intermodal t ermi nals that involve truck i ng may 
be considered unconst r ained insofar as that mode is 
concerned. Occupying a middle ground, so to speak, 

are piggyback terminals operated by railroads. Al
though these must b·e adjacent to rail trackage , some 
latitude can be p rov ided by construct i ng s pur or 
feeder trac ks tha t conne c t the te r mi nal to main rail 
lines. 

Regardless of the modes involved, intermodal ter
minals, by their nature, are land intensive. This 
is to say that they require substantial dedicated 
land a r eas if t hey are to f unction efficiently . A 
1981 confere nce of t r anspor t ation s pec ial ists put 
t his succinctly i n noting t hat (~ , p . 48) " land 
ava ilabillty is a n i mpor t a nt prerequisite f o r the 
larger intermodal terminal complexes. Since land 
assembly can be difficult in large urban areas, it 
constitutes a major challenge in land use planning." 

Here, also, another vital aspect of intermodal 
freight terminals was brought into focus, which is 
that these fac ili t i es are nearly a l ways associated 
with an urban a r ea . This association can further 
complicate intermodal freight terminal require
ments. All urban-goods movements have long been the 
subject of intensive study and analysis simply due 
to the added costs and congestion inhe r e nt in moving 
freight with i n a reas of h i g h traff ic de nsities. 

Earlier on, urban freight movement research had 
concentrated on such micro land use problems as 
loading zones and off-street parking. Model solu
tions for these micro problems seem to now be well 
in hand (_~). In the process, the overall roles of 
the cities have likewise been examined and delin
eated, and both their strengths and weaknesses have 
been noted (4). 

Regarding- single-mode freight terminal require
ments, basically only those applicable to trucking 
have been addressed as they rela t e to locational 
needs within urban areas. However, the high level 
of trucking flexibil ity provi des considerable lati
tude i n si t i ng f ac ilities (5). Initial i nvestiga
tions have been attemp ted, whic h r elate trucki ng i n
dust r y requ.irements to t hose o f o ther t r a.nsport 
modes in terms of i nte r modal t e rminals (~ , pp . 
46-47; 6), bu t t o date such efforts have lacked spe
cific i nput f r om t he other f r eight modes . 

LOCATIONAL NEEDS AND PROBLEMS 

Empi rically , i n termodal f r eight t erminals may be 
characte r ized as (a ) requi ring relatively large 
t r ac ts of l and , a nd (b) being almost always located 
wi thin a n urban a r ea . Operating from t hese basic 
assumptions, the 1981 Engineering Foundation Confer
ence on Goods Transportation in Urban Areas (GTUA) 
raised five questions t hat the c onfe r ees considered 
germane to the problems of intermodal terminal loca
tion <1• pp. 43 - 44) : 

l. Does the quantity and quality of freight 
movement availability influence land use in urban 
areas? If so, can transportation planners help 
desired land use patterns? Are certain modes of 
goods movement preferred for special types of 
land use or site de velo pme n t? ooes lack of spe
cific quality of goods transpor tation inhibit ur
ban land use or economic development? 

2. Can effi cien t freight operations, especi
ally terminal ope r ations, be ca r ried on without 
significant adverse economic, environmental, or 
land use impacts ? Where such impact s exist, do 
they vary significantly between diffe rent modes 
of transportation? 
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3. What can be done with land now considered 
unproductive because of obsolete or underutilized 
freight transpor tation facilities? 

4. Are there certain transportation activi
ties which are potentially so harmful to the ur
ban environment or to society (e.g., hazardous 
material wastes, coal terminals) that they re
quire protected areas? 

5. How can goods movement requirements be in
corporated into an overall urban land use plan in 
both the long and the short range? 

These concer'ns vis a vis freight terminals and 
land use are by no means a new issue nor one unique 
onl.y to the 1981 GTUA conference. Eight years ear
l ier, in 1973, a similar conference produced a probe 
group report on the social, environmental, economic, 
land use, a·nd technical problems in this area (.!!>. 
Specific motor carrier terminals had been the sub
ject of a 1976 FHWA study concerned with ameliorat
ing neighborhood impacts and that also considered 
buffers (against) noise <!>· Nor were the more re
cent concerns merely a repetition of earlier tind
ings. Participants in the 1981 GTUA conference re
ceived status reports dealing with such probl·ems as 
the redeveJ.opment of 4, 000 acres of underused multi
modal terminal s ites in St. Louis . Fur ther, they 
received detailed information conce.rning communl ty 
disruptions being caused by new and expanded inter
modal coal ·terminals. Some specifics here included 
severance of community services, emergency vehicle 
delay, and lowered community growth and vitality 
(10). 

LAND USE CONSTRAINTS 

Clearly, a case was being made (at the 1981 GTUA 
conference) for recognizing the special and unique 
nature of intermodal freight terminals insofar as 
land use is concerned. Just as clearly, there was a 
realization by the attendees that this unique nature 
exposes such facilities to one or more land use con
straints. Such constraints can be categorized as 
locational, operational, and environmental. 

Locational Constraints 

Locational constraints may take the form of denied 
zoning or of restricted-use zoning that could limit 
intermodal facilities to specific areas or even to 
specific locations. Here, one would hope that en
lightened planning and unbiased appraisal would per
mit the placement of inte.rmodal terminals at loca
tions viable for both users and developer-owners. 
However, in real-world terms, this may be more than 
can be reasonably expected. Int e r modal freight ter
minals are land intensive, and there is competition 
for sizable land parcels in virtually all urban 
areas. 

As examples, major modern airports seldom occupy 
less than 1,000 acres of land, Seaports can easily 
use an equal amount of landside area, with container 
terminals being particularly land intensive in this 
regard. Rail piggyback terminals can require up to 
several hundred acres for full operational control 
and on-site vehicle storage. Even the single-mode 
motor carrier terminal--if it is a major break-bulk 
facility--may occupy 80 or more acres of land. In 
virtually all i ns tances, as noted earlier, these 
large land parcels are within or immediately adja
cent to an urban a.rea, where conventional wisdom in
dicates that land is at a premium. 

To return to a point made in the opening section 
of this paper, overall locational constraints may be 
dictated by the mode or modes of transport being 
served. That is to say, a seaport cannot be sepa
rated from water nor can an airport be reasonably 
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located on hilly terrain. Here t he l ine between lo
cational and operational constraints becomes, of 
necessity, blurred. 

An example of locational constraints may be found 
at the Potomac intermodal rail terminal in Arling
ton, Virginia, which is immedia.tely adjacent to 
Washington, o.c. This long- used site is literally 
locked in on all four sides by highways and recent 
commercial developments. Short of complete demoli
tion and reconstruction, improvements are virtually 
impossible; in any event, expansion is impossible. 
The site is also viewed as a prime candidate for 
high-type commercial redevelopment by local real es
tate agents and government land use planners. 

Operational Constraints 

Operational constraints may be characterized as 
those constraints on intermodal terminal facility 
sites that are dictated by the day-to-day require
ments for economic viability. Ease of access, eco
nomic siting, and proximity to markets are prime ex
cunples. A ~pecific exilmple could be the new inter
modal freight facil.ity at Long Beach, California 
(1:!). There, an integrated termi nal at portside 
will permit rapid intermodal freight transfer, which 
previously r equi red a n i ne£ficient bridging leg be
tween .Long Beach and Los Angeles. 

Accessibility can be one of the most serious op
erational constraints at many intermodal terminals 
(6). It is essential that goods moving intermodally 
be able to flow freely both into and out of a modal 
transfer area. Thus, a piggyback terminal located 
in a congested urban area provides less-than-optimum 
accommodation for the trucks that deliver and pick 
up trailers. Similarly, airports with restricted 
commercial vehicle access (which is not uncommon) 
cannot offer a land and air interface with minimum 
delays. 

In economic terms, siting an intermodal facility 
in an area of high land values, in a high tax loca
tion, or in an area subject to such adverse condi
tions as flooding or fog can impose operational con
straints of a different type. Because intermodal 
terminals are land intensive, developers and opera
tors want to minimize both acquisition and operating 
costs. Further, use of irregular terrain involves 
excessive site preparation costs or maintenance or 
both. It must also be recognized that limited ac
cessibility (as discussed above) will have an ad
verse economic impact on the operation of an inter
modal terminal in terms Of time, fuel consumption, 
and the like. 

Two current examples of operationally constrained 
intermodal facilities are the Delaware Avenue docks 
in Philadelphia and Dulles International Airport, 
which is some 20 miles outside of Washington, D.C., 
in Virginia. At the Philadelphia facility, trucks, 
railroads, and ships all vie for limited dockside 
space and even more limited access. Predictably, it 
has difficulty attracting business. At Washington's 
Dulles Airport , commercial vehicles are currently 
ba.rred from all direct access routes and literally 
must use back roads. Again, predictably, most air 
freight movements are being diverted to the more ac
cessible Baltimore-Washington International Airport 
some 60 miles to the east. 

Market proximity in an urban area is sometimes 
looked on as being relative over time. For example, 
there is an observable continual shift in business 
and commercial patterns within urban areas. Indus
tries move farther from city centers over time, 
while new satellite communities may develop in some
what unpredictable locat.ions. Redevelopment of 
older areas can sometimes arrest, or even reverse, 
these movements. 
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Again, conventional wisdom based on experience 
indicates that intermodal terminals be located so as 
to provide both proximity to current markets and a 
best estimate of future markets. In terms of high
way links, proximity based on minimum transit times, 
rather than minimum mileage, has been found to re
sult in the best overall facility siting. In this 
instance, advantage may be taken of major highway 
arteries. 

This approach is not necessarily applicable to 
all intermodal facilities, however, due to the loca
tional constraints noted earlier. Thus, a compro
mise may be required in which all factors are 
weighed, i.e. , mode-specific needs, land availabil
ity , access, costs, and market proximity. Although 
such an approach can never yield an ideal solution, 
if properly done it can provide for a best available 
location. 

Environmental Constraints 

Environmental constraints on intermodal freight ter
minals could take a number of forms . Elours of oper
ation might be specified, as may the maximum per
mitted noise levels. A major facility might be 
classified as a point source, which requires an en
vironmental impact analysis of the air pollution 
that would be generated. Because the very term en
vironmental impact carries such a wide range of con
notations, it is most difficult to predict or evalu
ate all of the aspects of an intermodal freight 
terminal operation that might be affected. 

However, it is apparent that any t ime-of-day or 
day-of-week constraints on the operations of such 
terminals would severely inhibit both efficiency and 
productivity. Today, many modal as well as inter
modal freight terminal facilities operate literally 
around-the-clock. Time restraints would result in 
unacceptable back-ups or an uneconomically large 
facility in order to provide required capacity based 
on limited operat ing hours. 

Already some major airports have limited their 
operating hours due to env ironmentally gene rated 
noise constraints (no night flights) • These air
ports can exhibit such (expected) problems as under
use and artificial volume peaks. National Airport 
in Washi ngton, D.C., is a prime example. This heav
ily used facility bans conunercial flights from 10: 30 
p.m. to 7:00 a.m.--the most preferred times for air 
freight. Flight patterns and noise-abatement proce
dures are also enforced, as are maximum noise levels. 

Environmental constraints based on noise or on 
visual intrusion from high-intensity yard lights 
could affect all types of intermodal freight termi
nals at one time or another. Trucks entering and 
exiting , aircraft, shift-side cranes, and rail oars 
being shunted are all phenomena that can and do oc
cur in intermodal operations. 

NEW TERMINALS VERSUS REJUVENATED FACILITIES 

All of the above requirements and constraints can 
come into play when a decision must be made regard
ing continued use of an existing intermodal freight 
terminal versus construction of a new facility. 
Questions to be addressed are, Can the present ter
minal be expanded, modernized, or otherwise made 
more efficient? and Is there a better intermodal 
terminal location available? 

Users have sometimes discovered that land devel
opers, community redevelopment groups, and even the 
general citizenry are eagerly awaiting the time when 
an existing facility becomes outmoded. Their goal 
is to rezone the land such a facility occupies to 
what is sometimes referred to as a higher use, but 
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which in reality may represent a device for removing 
what is cons idered to be a local eyesore. 

At the same time, terminal developers and users 
may find that their alternatives are severely lim
ited. Land parcels of sufficient size to support 
new, relocated, intermodal operations may be unac
ceptable from an operational standpoint, or the 
costs involved in purchasing and preparing the site 
may make the proposed location uneconomic. zoning 
restrictions, access limitations, and all of the 
other factors that must be considered when siting a 
new facility may militate against the establishment 
of a new intermodal terminal. Even the expansion of 
existing facilities could be affected by all or some 
of these constraints. 

SOLVING THE CONSTRAINT PROBLEMS 

The problems described above are neither new to the 
intermodal terminal planner nor are they necessarily 
insoluble. Transportation requirements and land use 
planning need not be an adversary procedure as, for 
example, has been demonstrated in Maryland (~. 

In addressing tile overall problem of freight ter
mi nals within generally urban areas--and , as noted, 
such terminals are primarily urban-area oriented-
the 1981 GTUA conference attempted to place the 
issue in perspective with a series of recommenda
tions. The conference report recommended •use (or 
reuse when currently deteriorated) of parcels of 
transportation-oriented land within the inner urban 
areas, in such a way as to improve u.rban goods 
flows, reduce overall transportation requirements, 
and generally enhance the economic viability of the 
region" (7, p. 44). 

The same conference went on to make other, more 
specific, recommendations. These included, "where 
necessary zoning ordinances should be modified to 
include freight terminals specifically as a pre
ferred land use in the most appropriate locations" 
12.r pp. 45 and 49), and that there should be a "mas
ter gu ide to terminal location and zoning" (13). 
Other groups, too, are examining the interrelations 
between land use and transportation. A recent re
port from TRB (14) explored the implications and op
portunities associated with joint development under 
the land use concepts. 

CONCLUSIONS AND RECOMMENDATIONS 

Developers and operators of intermodal freight ter
minals must be prepared to recognize that such fa
cilities are not uni var sally accepted as ideal land 
users. Communities and community groups may view 
these termin.als as being undesirable neighbors, with 
possible reactions ranging from tolerance all the 
way to militant opposition. 

As intermodal terminals are redeveloped, con
structed, or expanded, it is probably inevitable 
that the developers and users will encounter con
straints that may render their operations less-than
optimally efficient. Such constraints could, con
ceivably , liter·ally result in evicting an intermodal 
terminal from its existing site. More probable 
would be environmental restrictions on operations 
that could at least pat"tly incapacitate a terminal 
by limiting hours of use, access, on-site storage, 
and so on. Presence of hazardous cargoes at an in
termodal terminal could only exacerbate possible 
constraint scenarios . 

Following recommendations that emerged from the 
deliberations of the l98l GTOA conference , inter
modal freight terminal designers shou ld be prepared 
to present convincing arguments in favor of special
use zoning that would recognize the requirements of 
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such facilities, and the limited viable available 
alternatives. 

Further, they must be prepare~ to justify such 
zoning through any available appeal processes, such 
as rnobilizing, when necessary, business, industry, 
and civic leaders in order that the community as a 
whole may be made aware of the need for intermodal 
facilities. Emphasis should focus on teduced over
all transport costs, energy conservation, reduced 
congestion, increased employment, and, most impor
tant, a more efficient and less publicly intrusive 
transport network. 
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PHILLIP RADZIKOWSKI 

A discussion of how tho growth of brldgo traffic end today" compotitive indus
trial onvlronmont have forced chongu In marine lntormodal terminal design 
tre·nds is presented. The objectlvo of the changes Is to improve productivity of 
both the torminnl operation end tho transportation system In which the terminal 
particlpnte1. Specific examples and case studio$ of productivity improvements 
in tormlnnls end in transferring container! to and from the marine termlhal and 
the railroad are piesantad. 

The marine terminal is an increasingly important 
partner in a more complex, competitive, and inte
grated world transportation network. Competition 
among terminals for local traffic has spurred design 
changes to improve productivity and lower the costs 
of container mol.'es. Also significant are design 
changes in response to the requirements for termi
nals to interact more efficiently with railroads; 
therefore, the overall productivity of intermodal 
transportation networks is raised. This requirement 
results from the growth of bridging, which is a rel
ativeJ.y new segment of the transportation industry. 
Bridging involv·es the use of both rail and ship for 
transporting containers moving under a combined bill 
of lading. 

There are different types of bridges. A land 
bridge involves moving containers from port to port 
by rail. For example, a shipment from Japan to 
France would be off-loaded at a U.S. west C!oast 
port, shipped by train to the East Coast, a.nd then 

loaded onto a vessel to complete the journey to Eu
rope aero s the Atlantic Ocean. Also, combined 
bills of lading are used increasingly to ship con
tainers from a port by rail to inland destina
tions--a microbr idge. A minibridge is for when a 
container is unloaded at one port, shipped by rail 
over a high-volume route to another port, and then 
shipped from this second port by rail (Or truck} to 
its final destination. 

Si nee 1972, bridging has been one of the fast
est-growing segments of the transportation indus
try. It was made possible by the ma tu ring of the 
marine container freight transportation system that 
began about the same time. Figure l shows that the 
level of U.S. import minibridge traffic has grown 
from approximately 0.7 million long tons per year in 
1976 to 1.1 million long tons per year in 19Sl. 
(Note: Traffic data in this paper are based on im
port minibridge movements because of data availabil
ity. Although indicative of trends, actual growth 
rates Of total bridge traffic may vary.) This 
growth rate of approximately 10 percent/year is sub
stantially higher than the annual growth rates of 5 
percent or less for all waterborne and rail traffic 
during the same period. 

The growth in bridge traffic is due to the rela
tive economic advantage of using railroads to trans
port containers from the first landfall port to in
land points rather than using all water routes. 
'rhis i<> true even when the hin er1 an rl destinat ·on is 
another port on the other side of the North American 




