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ARSTRATT

iraditional locetion thecry, a relatively recent branch of economics, has

b

ocused prirarily on locating organizations which manufacture material commodities.
The present paper extends this work into the domzin of information processing
tirms by attempting to optimally locate a research and development agency

aucording to its information processing fumctions.

The techaique used to conduct the study consisted of identifying possible

fourd
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[

‘Tnative research location areas within the continental United States,

s

-

the costs ci performing the research functions at each location, and
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sing linear optimization to select that location which minimizes such costs.
Locations were determined by imposing a fifty-by-fifty-mile gfid on a map of

the U.S. Electrical power costs for each location were célculated as were the
costs assoclated with transporting a representative sample of material inputs
from their present sources to each of one.thousand three hundred twenty-five
potential locations. A function was formulated to account for the acquisition,
use, and transfer of infermation. This information function was operationalized
as the cost of travel to and from universities, industries, government installa-
tions, and conferences. . Invircnmental requirements (i.e., weather and altitude),
were also imposed to identify those sites which meet performance criteria.

Two separate analyses were undertaken. The first analysis examined
currently existing information sources; the second postulated an ideal infor-
mation supply surface and attempted to maximize information input from that
1deal source. The results indicated that the federal research and development
agency was optimally located within organizational constraints. The utility of
the procedur2s for locating information processing organizations was also

demonstrated.

Q §
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, . . Location

I. INTRODUCTION AND STATEMENT OF PROBLEM

One of the major problems facing both well-established and new organizations
is the selection of optimal locations for facilities. Ivs significance lies in
the fact that site location will have major effects on both productivity and
efficiency. The problem is basically ‘that of defining an organizations' relevant
environment, those aspects of the physical and economic worlds with which an
organizatibn seeks to maximize contact. There are, of course, numerous dimensions
to the problem, but the search for solutions always rests on the belief that
maximizing this releva.it environment will maximize productivity and efficiency.

Prior to the early 1960's, the location of most organizations was pretty
ruch an historical accident. During the early 1960's several methods were

develioped ‘or locating manufacturing organizations according to optimal criteria.

Typical constraints in these early location analyses were such factors as
proximity to raw inputs, proximity to the marketplace, transportation costs,
availability of labor and so forth. Unfortunately, these early models of
manufacturing firms are of little use when it comes to organizations which
primarily produce information rather than physical commodities and goods, i.e.,
to résearchband development organizations. The relevant environment for

manufacturing organizations is quite different from that of organizations
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rohlen Jderines the fecus of this paper: We shall attempt to extend
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traditicnal lecaticral nnzlvses to the

sroblem of locating an information

rather than omredities processing organization. A federal agency, whose primary

\

mission is rescarch and development, will he used a5 an exemplar of an informatiol
processing organizaticn. To accarpliish the locatlon task two separate analyses

will be undertaken. Analvsis I will attempt to determine where the research
and develepment functions performed by the Agency should be located based upon
current information and material scurces so as to maximize research efficiency
and minimize cost. Analvsis 71 wiil use the same locational procedure with
the exception that optimal potential information sources will be substituted
for current ones. These sources consist of the highest rated universities

and industries throughout the continental United States that can meet the
research and development needs of the Agency. Both analyses are based upon
the branch of economics known as location theory and will locate the rescarch
complex via mathematical programming techniques applied simultaneously to its

material and information inputs.

II. THE ROLE OF INFORMATION IN LOCATING THLORY

Traditional lecation theery has concentrated on conditions to be satisfied
ir the placing of fivms, industries, and orpanizations that produce predominantly
phyvsical comnodities rather than information. This theory has a long history
in the economic literature and beean as part of general equilibrium thecry in
the works of von Thunen (1846), Weber (1929), lLaunha:Jt . (1882), and Losch (1954),

and has resulted in the more contemporary theeries of Hoover (1948), Isard (1950),

Torngvist (1968, 1671), ond others.

O
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Weber's classical studies concentrated on different aspects of the problems
of locating single factories and problems connected with the creation of
agglomerations. There are a number of assumptions common to all so-calied
Weber models. They deal with.single products. Any products of differing
quality, though of similar type, are treated as different products. All input
sources are assumed to be known. Similarly, all output destinations are assumed
to be known. It is assumed that there exists a number of fixed places where
labor, at fixed known wages is availsble in umlimited quantities and, finally,
transportation costs are a function of distance and weight.

In looking at the problem of locating a single factory, Weber admitted
the possibility that several alternative locations may supply any factory with
a given input, He did not provide any satisfactory discussion of the implication
of such a situation for the form of a profit function which includes transport
cost and the location of a factory. Usually, in Weberian'models, it is thus
assumed that trade partners of any factory and their locations are given.

Von Thunen and Weber both attempted to create sbstract lccation theories
which were consistent with general cquilibrium solutions. Von Thumen concen-
trated on developing laws which determine production best carried out at any
given place, restricting his analysis to agrizultural production and land rent
as influenced by distance from the marketplace. The majority of such location
theory, consonant with general equilibvium analysis while nicely illuminating
a number of theoretical problems has proven comparatively useless for the
analysis of real world location situations.

Recent research in industrial location theory, while only ﬁeripheraliy
concerned with formulation of general theory, has still concentrated mainly on
industrial and organizational units which produce physical commodities rather

than information. With few exceptions, the majority of research has followed

7
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& parrial equilibrium epproach which holds fived the lecaticns and costs of

all resources.

N

shstitution principle is the mest common procedure used to relax such

mn

The

assurpticns. 17, for example, one is given differences in transportation costs

~

as a funcrion of distance, ons can then determine an equilibrium site for a
plant or organization manufacturing physical cormodities, which minimizes total
transportation costs of input and output distance. The initial site costs then

-gvaluated via the introduction of another geographic factor variation,

oyt

D

~

N
s

can
say lzbor. lahor cost savings at site two may compensate for additional trans-
rortation coste entailed by locating at the second site.

Tsard {1G36) is the foremost advocate of the use of the substitution
vrinciple for developing location theory. He asserts that it is only because
of constant variations of prices and costs over space that location theory makes

sense at all

, and further, that such variations are constant only because trans-
port cost is a function of distance. 'The problem of production becomes a
problem af choosing the right combination of the various types of capital, labor,
land, and the transport inputs' (p. 28). hbst of Isard's location work is based
on the concept bf the transport input as a representation of any economy's
spatial relations, where such an input is understood simply as the movement of

a unit of weight over a distance.

Now, although the substitution principle compactly shows how spatial trade-
offs onter economic theory, real problems develop when we attempt to apply such
an analysis to cmpirical observations. First, location criteria must not be
mere]f a tradeof{ of one factor against another, but involves the mutual inter-
dependence of all factors simultaneously. For another, even when transportation
Casts are inciuded in a profit function, such costs, per se, in most production

Jocation decisionz, have come to be recognized empirically as a comparatively

O
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wnimportant factor. Xaraska and Eramhall (19€8, p. 7) emphasize this point:

+

“In only a few industries--heavy manufacturing and bulk processing 1like iron
and steel and petroleum refining--is the transport likely to be a determining
factor.' However, they continue, '"This is nct to conclude that the transport.

is regligible or unimportant, but rather that it needs to be re-examined and

redefined in terms of the cbserved commmnication patterns and face-to-face contacts
(our emphasis).”

In the present study, these factors are explicity incorporated. This
situation is consonant with the general trend in the U.S. economy as discussed
by Arrow (1974), Machlup (1962), Wills (1974) and others. In 1959, Machlup
estimated that approximately 29% of the U.S. economy was devoted to the production,
distribution, and reproduction of information. Recently, Porat (1975) has
undertaken a reaggregation of the "information sector" (He includes all machines,
workers and services devoted to the production, reproduction, and distribution
of inform:tion) and found that approximately 50 percent of the U.S. economy was
now devoted to this information sector rather than to the production of material

goods. Porat's sector breakdown of the U.S. economy is shown in Figure 1.

Insert Figure 1 about here

The most prevalent form of analysis being used currently in location theory
is that of linear programming. Such techniques and models have been extensively
applied to problems in location theory since the late fifties. Works by Isard
(1958), Lefeber (1958), Samuelson (1952), and others, used linear programming
techniques to model processes of trade, price relationships in multi-location

economics, and distributicn patterns for particular commodities.

9
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0F zore inmedizte intevest Is the lioear mrogramming and heuristic mocels
5F the Swedish geograrnic lecatlun thecrists (see especially Tornqvist, 1968,
1970, 19713, In the to solve the general
lecztion-allecation probiwve, thoat is, kow to situate a maber of facilities to

serve an wneverly distributed population. Torngvist devised an algorithm which

ailowed the racilities to search cver the population surface to find locations

K

hich minimize cost or time to 2et to the facilities. Since location and

facility capucity cen vary in this alcorithm, lower accessibility costs of

creating more fecilities with smaller capacity by running the algorithm several
ires with different numbers of faciiities.

Information was first collected from all organizations. This included
locations of suppliers cf any inputs to the organization, total quantities used
in one year's production, exact destinaticns and total amounts of finished
products, individual amounts of any raw materials and finished products, trans-
portation means, current product traffic, and terminal transportation charges
for loading and unloading goods and raw materials. Materials required for a
year's production were assigned locations according to the position of the
supplies, and finiched products according to their buyers.

The sctual algorithm to complete transportation costs consists of a simula-
ticn in which any product unit is moved through hypothetical locations which
correspend to Sweden's surface. The actual transportation costs for each
location {the swn of transporting raw materials to the factory and transporting

finished products from factory to market) is calculated according to the equation

_— g
1Ci z pjﬁij
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where TC. 1s the total cost of transporting raw materials to location i, or total

cost of transporting finished products from i, p. is the weight of raw material
J

weight of finished product, and dij is the transportation cost per unit weight

o
i

0
t-ty

material (Torngvist, 1971, ©. 19).

This algorithm was then epplied not merely to material flcw but to the
pertinent information flows of organizations which required direct face-to-face
coﬁtact among spatial distant employees. Tornqvist examined differing organiza-

ticnal units {mzin offices end adninistrative boards) of which the actual contact

g

atteins were known. All such contacts for a given organization were assigned
grid coordinates on a map of Sweden, and units being studied were then moved

about to each of the coordinates in the calculations. At each place, the

employees in the area being studied would carry out a series of 'contact programs,"
that is, they would contact the contracting virties in the rest of the contact
system. Time expenditure and costs to carry out these programs at different
places were measured and compared in a manner similar to the material goods case
discussed above. The computer algorichm, NORLOC, which determines the optimal
positions for a number of facilities with respect to total transportation cost

is discussed in detail in Tornqvist (1971).

In our work on the current problem, we have followed the lead of Tornqvist
and done essentially what Karaska and Bramhall have suggested, that is, we have
defined a transport input for information in terms of the observed or reported
commmication patterns and face-to-face contacts. We have then examined a
transport cost function simultaneously for material and information inputs.

Finally, we have repeated the process using potential sources of information.

il
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By way of overvisw, the technigues used t o conduct tnls study consist of
M N T R L EaD B T e R R T ERA o +} ~ 3 b i
JCERULITVING LOS3iDie 21TUInELIVE TER28ICH JLLaVLUTE +ithin the continental United

Srates, svanining the costs of performing the research functions of a federal

fgency =% each locaticon, and using linear cptimization to select that locztion

which ninimives suth cests. lezations are cetarmined by impesing e fifty-by
Sty mile grid on 2 wap of the U.S. Flectrical power costs for each location

aTe cal-ulated as are the costs associated with transporting a representative

“Nree Pundred twenty-five potential locetions.

The cost of the acquisition of infommation is operztionmalized as the cost
of travel to ancd from universities, industries, government installations and
~onforences. Environmental requirements (e.g., weather and altitude), are also

imposed to identify those sites which meet the Agency's minimal research

- /

TequiTernents.

slection is then made as to the cptimal locations for performing the

4
o
2]

search activities. Tinally, major already established alternative
locations are compared to determire the relative cost of conducting the Agency's
o functions at these currently established locetions.

5.  Tne Map and Distance Caiculations

A S0 X 50 mile grid coordinate system was constrﬁcted and superimposed
on a map of the continental United States. Each cell Qas defined by its lower
southeast corner, numbered positively in the x and y directions starting from
the upper left hand cell. This procedure yielded a 36 X 58 matrix with a total

of 1303 cells required to cn:iirely cover the land mass those cells without an
q )

\
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land surface, i.e., oceans and lakes, were omitted from further analysis). This
map provided the basis for locating material and information sources.

i one cell to another was calculated by the great-circle
met _ wues method of calculation, =~ . possible to compensaté for
the fact that north-south boundaries of each cel: .re not perfectly parallel.

The latitude (lat.) and Llongitude (long.), in radians, of the southeast
corner of a cell in row X and column Y are given by thé foilowing formulas,

'Lat.

85521 - .0116355X, and

Long. 2.18166 - .0174533Y.

The angle between any two vectors from the origin of‘é spherical éoordinate
system from Cell 1 (Lat. 1, Long. 1) to Cell 2 (Lat. 2, Long. 2) on the surface
of the sphere, isrgiVen by _ |

Angle = cos"1 [(Lat.;l)cos(Lat.'2)cos(Long. 2 - Long. 1)

_+ sin(Lat. 1)sin(lat. 2)]

' case of the earth), yields the distance between the two points.”
C.  Power

The first criterion examined was availabiiity and cost- of electrical energy.
The power cost ét the Agency is considerable, amounting to a yearly average of
approximately two and one-half million dollars. The total electrical energy
consumed in FY1974 was 267,521,376 kWwh with an average off-peak monthly half
hour demand of 126,630 KW. | |

Power costs, incorporating both energy and demand changes for each 50 X 50

mile cell were acquired from the 1974 Typical Electric Bills booklet published

By the Federal Power Commission. This publication prpvided power data for
approximately 30% of the 1303 cell locations on the map. The power figure used

- in computing the cost for each cell was the lowest industrial rate available

i3

—

This angle, when multiplied by the radius of the sphere (3960 miles -in the N
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for the cities listed based upon an energy consumption of 400,000kih and a
demand of 40,000kW. To compute the power costs for those cells in which a
power rate was not directly obtainable, a process of extrapolation was used.
This was doi vy v . as many'cells in which power was directly obtainable

from the Typical i. ¢ Bills booklet and placing that figure into those cells

that were directly adjacent to the cells from which the average was obtained.
This allowed the power rate for each unknown cell to become a diréct function
of those rates that were known. The power data for each 50 X 50 mile cell were
claculated by this method with extrapolation taking place only within each
state and not across state boundaries.

D. Material Inmput

Another major cost factor in the location probfem,is the transportation of
material inputs. A total of 300 material inputs to the research complex were
systematically selectad from the agency's receiving station. The sample was
obtained by selecting the five heaviest shipments that arrived EEEE_QEX.OVéT a
four-month period (January-April 1975). The five heaviest shipments, rather
than Q randem sample of fivetahibments per day, were selected in order to maxi-
mize the cost of transportation relative to the cost of péwer. These 300 itéms
represented 685 of the total input weight to the Agency. Each item was.assigned
a set of grid coordinates which identified its source of origin (i.e., the
place from whith it was shipped). Weight of each item and mode of transportation
(i.e., rail, truck, ajr) were.also recorded. Eighty-five percent (BS%j of‘the -
material was delivered by truck, 14% wa:, shipped by air, and 1% was transportad
by rail.

Truck transportation rates per pound per mile were obtained by averaging

the estimated costs given by three trucking companies which shi ed materials '
g Y g Comp PP 4

throughout the United States similar in weight to those samples in this study.

i
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Plane transportation rates per pound per mile for general commodities were

obtained through the Civil Aeronautics Board Tariff Book #169. Rail rates were

obtained through Southern Pacific Railways. Since Southern Pacific was the
sble:shipper in the materials selected for the sample, no other shippers were
-nlted:h
ince the cost of transportation varies as a function of distance, it “ s
necessary to provide incremental costs for the modes as indicated in Table 1.
The shipping routes used by trains and trucks are not as direct as %those of
ﬁlanes. To correct for this, shipping“distances of'leéé thaﬁ SOO mi1e§ were

multiplied by a factor of 1.3. Distances greater than 500 miles were multiplied

by a factor of 1.35 (See Torngvist, 1971).

Insert Table 1 about here

These data were analyzed in the linear program to compute th> cost of
transporting the 300 material inputs from their ofiginal cell locations to each

of the 1303 cells. Since the sample consisted of 68% of the total shipping

_weight, this cost value was multiplied by a faetor of 1.47 to create an estimate

of the total cost of shipping incurred by the Agency.

E. Environmental Criteria

After cell locations were examined for comparative power, material transport
costs, and information input costs (to bg discussed shortly), wc ther and
altitude criteria were applied to éachvcell. These criteria inclulad temperature,
wind velocity and mumber of clear days. A review of available information
revealed thét all locations met the weather requirements specified by the Agency.

Altitude remained an impértant environmental criterion. Cell locations with

mean altitudes greater than 3,000 feet were eliminated as possible location sites.

1D
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F.  Current Bcurces of Information (Analysis T)

As indicated earlier, the cost of acquiring information is béing operation-
alized as the travel to and from sources from which information can be gathered
that will be useful for ongoing and further research and development within the
‘wency. A review of o ‘vency's university travel records indicated that a
cotal of 321 trips we < made to umiversities during FY1975S by Agency persormnel.
For comparison with the potential sources of information in Analysis II, it was

'Aecessary to restrict the sample to those travel vouchers which included contract
and/or grant numbers; in order to jdentify the area of contract specialization
under which the trip was made (See Section G).

: Tﬁe Jocation of each university visited and the muber of trips to that

university were recorde iclding = total of 66 trip:  Thesc 66 trips are 20%

" the total t-avel to iversities. Miultiplyirg the cost of travel calculated

s -=s5e 66 trips by cor of 5 provides an est zte of the tetal cost of
‘rn ol zeo universities . ncy personicli.
The pay and travel i .ach of the Agency retains z 3 7:cords of travel to

other 1ocat§ons by Agency personnel. A random sampie 10%; was drawn from the

travel records of FY1975. These travel dat. were coded intc three categories.

The first category was trave. to indust;y for the purrose of setting up contracts
©or “eviewlng ccntracts o Téaly in pregress. 183 trips were recorded with

fef —znce to travel to 'nlustry. .

The second category -as travei to govermment installations (e.g., NASA
insrallations; Army, Navy, and Air Force bases). Within this category there
were 212 trips. The third category Wasitravel to conferences and/or convemtions.
In all, 62 trips to conferences and/or conventions were identified.

The destination for each trip was recorded. When multiple stops were

included within one trip, the location that was farthest in distance from the

10
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agency was selected. The appropriate grid location for each destination and

the nunber of trips made to that cell location were then coded. Since the
sample was 10% of the total travel, the cost of travel to industries, government
installatiohs, and conferences and/or conventions were multiplied by a factor
ofvlo to provide an estimate of the total cost of travel to these facilities.

Potential Sources of Information (Analysis II)

In order to undertake the examination of potential rather than actual sources
of information, it was.necessary to ascertain where the infprmation most likely
to be useful to the Agency could be obtained. Analysis of the Agency's research
and C%vfIOpment functions and discussicns with Agency persomnel suggésted three
primaT- sourcé;: universi;ies, induétry, and conferences/conventions.

g

1. Universities. During the mont of November, 1975, a complete review

of the agency's trave. records for Fiscal Year 1975 was conducted. The travel
reccrds of each branch were used to identify all travel by Agency personnel to
universities and colleges -for the purpose of monitoring contracts and/or grants.
The Agency codes each contract and/or grant with a university by the area of
contract specialization. For éach trip identified, the area o%-contracf
sbecialization was - -ovded. As indicated in the previocus section this process
yielded 65 trips for _2e purposé of mor.itering specifie contfacts and/or grants .
These contracts.ahdfo: srants fell into 11 separate areas -of contract
specialization.

Using A Rhting of Gfaduate Programs (Roose and Anderson, 1970), the top

ten universities in each area of depértmsntal specialization were identified.
The departmental specializations identified by Roose and Anderson (1970) were
not identical with the areas d% contract specialization-uséd by thevAgency.

In scme cases, several areas of departmental specialization were subsumed within

one area of contract specialization. In other i-istances, several areas of contract

ERIC '
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spezialization weve subsimed within ene wrea of departmental  specialization.
Throwsh this process, the eieven original areas of confract specialization were
transformed into 8 arcas of departwmental specializaticn. For each area of
departmental specialization, the following information was coded: the number
ot trips made by Agency PLlSGnnel to monitor contracts und/or grants in this
area of specialization during FY1978 und the ceil COOlendt >5 of the top 10
wiiversities within that specialization.

As indicated eavlier, the cost of travel to these universities was

milziplied by a factor of 5 to yield an estimate of the total cost of travel

-
s A

sooaniversities.

Industry. The 1974/75 Aerospace Facts and Figures pr0V1deL a listing

o7 rthe maior industrial contractors with federal agencies as of 1973. This

listing is based upon the net value oi prime contracts awarded durir: FY1973.
For each industry, the-major facilities used in research and development for

covernment agencies were identified. The cell coordinates for each racility
were coded.
The 180 trips made to industries by Agency personnel were distributed
qddx 'y across all potential industri-s. Since the 180 trips were based on a
iy sample; the cost of travel to the potential industries was-multiplied by
Factor of 10 to create an estimate of the,tota] cost of travel to the potential

o D S

LIS Ll LC o,

.. Conferences and/or Conventicis. Rather than proposing a list of

potential government installations or .onference and/or conventibn sites, the
date collected on the actual information scurces for these two categories were
used. This, in cffe,v, holds these two categoriés of travel constant, thereby
permitting @ comparison between the current travel costs to universities and

industries with the cost of trt =l to potential university and industrial sites

i3
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H. Computational Algorithm. The cost algorithm essentially consists of

similation in which each of the material inputs and information sources are
first "transported" to the first grid location and a cost value is calculated
for that cell. This cost is added to the power cost for that cell, following
which the material and information input v~ =37 = = " ¢ e :
location and associated costs are added to that ce:l's power cost, and so forth.
Tﬁe following formula swmmarizes the computaticnal algorithm:

Zj ) kj ¥ ii{rm(dgn) (Ewim)] = i[(djnajn)(un * in eyt Cn)j
where: _

Z. is the total cost for cell if. =1, 2, . . . , 1303),

k; is the lowést-power cost in the . jth cell for the amount of power
consxm;ai at the Agency,

T is the aVer;ée transportation rate which is mode-specific, i.e., has
di<ferinz series of values for m = 1, 2, 3 depending on whether the input :s
shipped-by rail, truck, or plane, and {urther values depending on what distance-
range or. the specific rate schedu e under which input distance ralls,

‘wim is the weight of :he ith input travelling by mode m,

djn is the distance from the jth input cell to the nth input cell,
according to the great-circle method formula:

| ﬁjn = Angle (39€0 miles)

Angle = cos.1 [ zos(Lat. 1icos(Lat. 2)cos(Long. 2 - long. 1) +

Long. 1) + sin(Lat. 1)sin(lat.2)]

where:
Lat. 1 = patitude of Cell 1,
Lat. 2 = Latitude of Cell 2,
Long. 1 = Longitude of Cellll, ’

Long. 2 = [ongit : of Tell 2,

D
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o, iz the onc-way rate of cersonal air teaved over distance di”’
ia the rumber of trips (o wniversities within the nth cell.

|

o ustiies b e

i is the nuher o

v is the number of irips o geverrment facilities within the nth cell,

¢ i tne number of trips to conferences and/or conventions within the
il owells
¢ these constraints:

.
i
\

k. > 18,417,351 KWh/month, i.e., the existing value of the Agency, and a’

t

v ables in the cost functions C.-

1
~

JIn other words, the expression Zj\provides the comparative coot of suppl ing
ith location (i.e., cell) with an amount of power greate~ than or equal
e amount currently utilized byithe Agency per menth @i accomts for a large
'9;“:sent§tive sanple of méterial and information input to 72t square. Cells

o~

wh ¢ eatisficd the altitude and weather criteric were then rank ordered. L

IV. RESULTS .
Throughout this Study, twe separate approaches to the t-oblem cf facilities
laca*ion have been emphasized. Analysis I solves the location problem with
respect to the current sources of material and informational inpﬁt. Analy -is II
foctises on the use of potential information sources as the locational crit ria,
.e., those universities with the most highly rated graduate schools and trose

noustries that receive the greatest prime contracts from the Agency. The

ri o ults are presented separately for the two types of analyses.

p.  Ana.vsis I: Current Sources of In{formation
_tc-:  of thirteen “undr:d three (1303) cell locations were tested for

~—bined o1 trical wovr material, and information costs. The obtained figur-~s

yA

O

ERIC

Aruitoxt provided by Eic:



Location

17
for these “xyronses ranged 1 high it month for « .11 13,52 in
g Wwooh. ok, wooa i ol $o5-. o, wenth for <211 5,3 which is in
southwestern Washin 'ton. The crst ai the Agency was $3.0,602.
By imposing tl: combined imput cost for the Agency as the minimal reference
cfit-:iun‘ ejeven : ndred eighty-cight (1188) cells were identified as being in

excess of the minimal amount; these cells were discarded from further analysis.
Tﬁe -emaining cne -undred fifteen {115) cells ali had total costs less than that
of the Agency.

These one hundred fifteen cells were then examined on the altitude criterion
of a maximm of 3,000 feet elevation. This procedure eliminated an additional
firty-eight cells, most of whicl. were located in‘the Rocky:Mountain'states.

Of the remaining fifty-seven cells, fifty-five of them clustered in the
Pacific Northwes= region of Washington and Cregon. Of the other two cell °
socations which had lower total :oﬁt than the ‘gency and meet the altitude
criterioi, ore was in the sSacramento Valley region of Central California, and
one was located on the state border between Ckiahoma and Texas.

A computef-generafed map which displays,theée findings is provided in
Figure 2. The cell which contains the Agency is indicated by an 'N'" at

" coordinates 18,3 on the map. The 1188 cells which exceeded the cost at the
Agency are indicated by the symbols 4 through 9, plus an asterisk. Each
successive symbel from 4 v ° re  “esents a 10% increase im total cost. AThus, .
the ¢ =0l "< -epresents i00-1: % of the cost of the Agency. The symbql g
repvisznts a cost of 140-120% ovir that of the Agency. "9" iﬁdicates a cost
o7 13°-170%, and "' repres 1ts = cost greater than 170%; Those cells which
had I:wer —ombined cost thz the Agency but did géﬁ_meet the aititudé criterion
(i.e. they were locatec : grea~er iian 3000 feet éléﬁation))are marked with

e~ "A". Those cells with total combi~od cost less than that of the Agency

21
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Wil Jid meet the altitude oriterion oo jdentiticd by the symbols §, 0, 1,
and 3.3 ipdicates a cost of less than S0 of the Agency's cost. Q"
threugh 8" represent 5% increments from 80% to 100%. The least cost cell is

indicated by an "L:' the hiches: celd 35 indicated with an "H."
J b4 o

Insert Pigure 2 about here

fhe analysis just described examined all of the potential 1ocati§ns within
the continental United States. The alternative of moving the current Agency
recearch and development functions to one of these new locations isvhighly
uniikely because of the very high capital investment in present facilities.
wnat is more realistic is that an already existing government location would N
be assigned the Agency's current [unctions so s fd utilize already existing
facilities. To examine this possibility, all of the present related federal
installations were compared. The resulis of this analysis are provided in
Table 2. A}l sixteen facilities are listed by their respective cell coordinates.
ihe'locations are rank ordered by increasing total cost. For each location,
the woral cost is given’a; we'l) as the individual costs for power, shipping,

. zravel. The altitude, tounded to the nearest 50 feet, is also provided.

=

nsert Table 2 about here

bt

As can be seen from this t:-ie, the Agency was ranked number 1 and had
the least cost (3300,602/month) zssociated with performing its functions.
were these Tmc-ions to be moved to any other present federal‘location, it.
would cost nore to ~erform them than‘az the present Agency location. The

lowest (16th) rank=d locaticn --11 15,49) had a total cost close to twice

Zi
i
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that of the Agency (4580,43%/monch).  ‘The middle ranked (ninth) location, had

a total cost of $473,53¢/month andd would require a monthly expenditure approxi-
mately half again as yreat as the current cost of the Agency.

B. Analvsis II: Potential Sources of Information

Analysis II examined the potential rather than the actual information
inputs. Again, thirteen hwidred three cell locations were tested for combined
power, material input, and potential information input costs. The obtained
figures ranged frem a high of $957,048/month for cell 13,52 in Long Island,
New York, to a low of $235,670 for cell 5,3 in southwestern Washington. The
‘tbtal combined cost for the Agency, utilizing its potential informatidn sources,
was $285,612.

Comparing each of thirteen hqndred two cells with the criterion cost of
the Agency, twelve hundred six (1506) were found which exceeded this value;
they are indicated on the map by cost increment but were deleted from further
analysis. ‘The remaining ninety-seven (97) cells had total costs less than the
Agcnc}. H

As was done in Analysis I, these ninety-seven cells were examined as to
whether they exceeded the maXinum altitude of 3,000 feet. After this examinétion,
forty (40) more celis were eliminated from further analyéis. This left fifty- K
seven (57) cells which met the altitude criteria and had less total cost than
did the Agency.

With the éxception of cne cell located in the Sacramento Valley region
of, Califd;nia, all remaining cells which met the criteria were ldégted in the

\ R

Pacific Northwest region of Washingtbn and Oregon. Figure 3 preseﬁts a computer- .

generated map which summarized these data. . * "\

Z3
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Insert Figure 3 about here

As was done in Analysis I, the alternative federal locations were ranked
in *erms of increasing total cost. Table 4 shows that the present Agency
location was again ranked first as the least cost location (3285,612/month) .
Cell 15,46 was again ranked last as the most expensive location ($539,986/month).
Cell 18,49 moved froﬁ ninth to fifth rank with a total monthly,coéf of $393,615.
The new middle ranked (ninth) location (CellA23,07, previously ranked“sixth)
had a cost of $403,289/month.

Insert Table 3 about here

By comparing Tables 2 and 3 it can be seen that every location had a lower
-ost in the potential information analysis than it had in the actual information:
analysis. 1he cost dlfferentlal between the two analyses differed considerably
uepcndlng upon specific location. For example, Cell 18 49 saved $40,000/month,
hecause Cell 26,19 was already more optimally 1ocated than Ce11 18,49 (with the
exception of altitude).

C. Validation of the Location Model

The computer algorlthm created to undertake the present model is a form
cf simulation modeling. As such, the resuits are only as good as the data Wthh ,
are provided as inpﬁt to the program. Yet it should be pointed out that unlike
maﬁy simulations, the present model uses a cdmparative, rather than an absolute,
techn’ jue; that is, the same data are applied to g}l_loeations in order to draw
Comparati#e rather than absolute conclusions. Even if the data do not perfectly

reflect the actual costs at the present Agency location, they do reflect

'
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comparative differences between the Agency and all other locations. Hence,
inaccuracies in the data do net intreduce serious bias in favor of any one
location.

It is, nevertheless, useful to know how accurate the data utilized in tlie
preseﬁt analysis are. To undertake this assessment, the computer results were
gampared with budgetary data {rom ¥Y1975. What follows describes that comparison.

The power cost for the Agcnéy generated by the computer simulation was
$189,883/month. The total power cost per month at the Agency‘was $218,888,

a difference of $29,005. The explanation for the discrepancy lies in the fact that -
the powér figures used in the simulsation were based upon electric costs only |

and did not include natd}al gas costs. Records of monthly gas costs provided

by Agency personnél range from $25,000 to $30;000 per month. When thic amount

for gas power is added to the electrical power costs, the computer estimate |
appeérs quite accurate.

The only budgetary data available indicated that the Agency allocated
$3,083/month for shipping expense. The shipﬁing~costs'éalculated in the computer
analysis amounted to $29,038/month. The difference of $25,955/month is con-
siderable. It must be noted, however, that the figure of $3,083/month does
not include items that are shipped FOB nor does is include the cost of shipping
items purchaséd under contracts and/or grants. Because it is based on a large
sample of the items actually shipped to and received at the Agency, the figure-
of $29,038 genefated by'the computer is believed to be an accuréte estimate of
the total cost for shipping all items tonthe Agency.

The Agency budgeted $82,583/month foruthe purpose of travel. The calcula-
tions obtained from Analysis I estimated a cost of $81,681/month, a difference

of $902/menth. This estimate is well within acceptable limits.

25
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Since the costs calculated (or thie Agency by the computer algorithm
\
approximate the actual budget expenditures at the research center, the methods
used in this study are assumed to have provided adequate information {or

comparison among all potential locations.

V. DISCUSSION

In\this study the attempt has been made to extend one of the traditional
specializations of etonomics,‘location theory, by explicitly including the cost
of acquiring information in the fﬁnctional equations. The results obtained
demenstrate the importance and utility of including information a$ a part of I
the optimizing function. From a theoretical point of view, however, there are
several qualifications which seem-appropriafe‘

First, traditional location theory attempts to minimize the costs of
simulténeously obtaining raw materials and distributing finished proddéts;

While the function in the present model included travel costs both,to and from
the Agency (as in traditiénal'locatidn theory), those costs were primarily for
the purbose,of acquiring information and only minimally for thecosts of dis-
‘seminating the information.(specifically, the travel to conventions for present-
_ifg papers). In this sense the model utilized.in the present research departs
somewhat from its traditional form; future efforts should prbbably attempt to
include the full range of dissemination costs as well.as acquisition costs.

Second, the study was based upon the assumption that direct face-tosface
commmication between the Agency's research staff and its external séurces of
information was essential in order for the Agency to fulfill its tasks.
Certainly; other forms of commmication, such as letter and telephone, are
also important, though they were not included in the present research. Further-

A

more, in an era in which teleconferencing and other significant technological -

!
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locaticnr in.both the actual and potential infeormation analyses, but it also
had the lowest total cost valuw cof ull present alternative Feder .. “nstallations.

It should be mentioned that the techniques used in the loziticn simulation
did not bias the results in favor of the Agency's prer v locazion. Whil:s it
is true that the current functions of the Agency were :itilizec for the param-
zters of the system, it was entirely possible that those functions could have
Eeen - ve cost-effectively met at many other locations. In fzct, such was the
cdase, ince approximately 4% of the celis were identified as being less expensive
than the present Agency location. None of these cells, however, contained
other federal facilities, and hence, did not constitute very viable alternatives.

A healthy word of caution does seem in order, however., As with any

I

similatien, the findings should be interpreted with care. Every simulation is
an abstraction which select;.certain aspects‘of a4 process and caits others.

The elements selected for inclusion in the present analysis were considered
most important in terms of cost. Yet other apsects might also be included.

For exampie, the cost of labor differs considerably by geographic region. While
the majority of the Agency's personnel are classified as "govermment service"
and hence would be paid the same amount wherever they were located, there still
remains 4 sizeable number of employees who do not have C.S. ratings and would
therefore receive wages in accordance with the locai labor market. . Yet low
wages tend to be associated with those geographic areas that possess.few
skilled workers. When this is combined with the fact that the Agency requires
a fairly skilled staff of support workers,. it becomes apparent that locating

the Agency in a region where the lsbor force is unskilled though cheap is

¢ or variables, such as econdamic impact on surround’iag commmity, air

pollution, effect on natural resources, etc., could, of course, be mentioned.



O

ERIC

Aruitoxt provided by Eic:

iut enough has been suid to Liln oLl oL Tin rion the attempl
rade in the present simwlatior u
c0 be the most important from o co-0 o0t Tyonese ctAanGpoint

f ~ther variar os mist

Finally, and beycn
¢k as Arrow (1974) have indicensd thet the '
heory i's an important coririlaicicn.  Likewise, commmaication sc
'111s, 1674) have indizated awvr e _'1(.?2;-1:5..7'1';2 ol

-oncepts to the mere advancad Theoretis Tommulations of econom s

implications for *he developmer © oF corwun-ontinn theor . It =¢ -

areas of overlap tetwesn the v izcip lires provide a importiT

future research, one which, ii  lurcg §ooon the!

w211 be beneficial to beih the sl of comprmnics . oon ard-the

infecrmation and oo

respective - o -

‘Location

T 2 nomis

- 2CconcT i C

sTea Ior
“2ctives,

{ of economizs.



1

st g AS i o7 RIS ze Facts and
S A S P nne e R > McUraw Hili,

Lonrow i 5.t aerican Economic

“tal 0 sotrvic (l1s Fede i1 Power Commission,

GLLROmIc wCnivity, New Yoo o McGraw-Hill, 1948.

ucny,  ow rerx: MIT O ess oand Wiley, 1956.

nterreygional Sl dng- A Eler. tary I ~2sentation
e del, 7ut;AL ol Aigl .. “ciences 1958,

Reveocka, 0. 1 Bramhall - snal-sis for Marufacturing,”

i Stin . Combridgz, MA:  The MIT Press, 1669.
cavear oW, Do PBesta oo linassigsten, standortes einge.
‘nlichen Ay lage, des Vereins deutshcer Ingenieure,

i. . No. 3, Beslin T oo

fedcher L0 AMdocation i Preduction, Transport and Industrial Location
-2 L ’

Moo crdam, Netrerlancs o wWors] Hollend Publishing Company, 1958.

Lasck, i 'ﬁye Econcmics i .cation, translated by William II. Woglom, New
' Yale Universiz. “Tess, 1654,

up, * . The Producciser nd Distribution of Fnowledge in the United States,
Srinceton:  PYrincetor  Civersity Pross, 1962,

Povs “The Informati norn,’ Unpublished paper. StanfoAv, California.
¥ Jte Fur Corpenic oo Eosearch, Standor JniverSIt}, 1975.

Touse, o L, and Apdel an, . 7. A Rating of Graduate Programs, Amsrican
Ceroo Ploom RBducatioon, Yasnington, . Co, 1870,

L

Samuclisor, Po AL "'Opaiial Price Toolliinrium and Linear Programming,' Amerlcan
Ecor mic Re"1cw 27 19582,

Torngy. s . Go Flows of Tniormwsion :nd the trion of Economic Activities,

¢ong Studies In C oooranh,, B30, Lund,

Torngvz:7 G, Contac:t 7~ -stems and Regional Development, Lund Studies in

-phy, B35, 1 71870,

Torngy ' - catlln Analysis, Lund Studies in Geography, Series
C « T a2~ Re:iopal Geogrertv, No. 2, Lund, 1971,

O

ERIC N

Aruitoxt provided by Eic:



o

ERIC

Aruitoxt provided by Eic:

P I A - Y T
&1 OT:T 11
el e e Y
CLET, LReT
— -
- o

"Conicent

Location

27

N, {i. -lish
REREP .o...ee ih
e aoc Ao csie

of Chicago

A A 25 ef Jmrublished
zoow= Sganferd 0 s e o == -0 Research,
St ord Univers -

Sy oy =~ schaft und

ce



Location -

28

- ,i.v C -
~Tl- r g a ey e -~ - 1. R — e s
T 1nicTmaticn &n DU leorithm end progra JLTact:

o , ‘ .
ERIC 3

Aruitex: provided by Eric



i . Lam
" e
: .
t
: R At dind 1t .
< TCULTRC :
! -o mmTA -
- oo wldl
TIPS
JICHS
'T:'H Ty
LN ; p
[ )
Xy
P
"l
. B
I
|
j. >
I
i
!
l‘ -
O\ 7
- ~
. 5
O

g
o

ERIC

. '
B A 1 7ex: Providd by ERIC

14 AN
s .
4
e
”
4
\
N
\
-
N
-~
Le
7
ad
&
¢
9
i e el am
- m- B

S UOTI}YueDo Y



R W
AW T

e e S i s

" OPRNSIVE LCoaTION

RTEY TN
Lwab BV

”3132,
TSR NN

PENSTVE LCCATION
UDED BY

S O P

- 148,31

ESE T ATENCY L0CATION

T L 2006020

rprs

T AP TR ASALYSS I fasse

U316 PRESTHT INFIRMATCON STURCESS

T
PR

~o

™~

W

tat

[
e N e - e £ b e e o AP - e o+ O3 e e V4 e
Y

v IWIEX

po g e t0eb e See 10 ER L0 e 200 2R et 30 A e 30H R RAG H e 450 H0 45 Ba bbby

&

-

-

>

v‘..c«~¢¢~4500+1Q+«4{5+¢+20*+o250¢o30000350}$k0o+9§5f;4500o+55¢o060+o¢oo

L L T T S S
200 LAk AN 55555556678888999

2200 L OARAARRARALASEBG 605 T BIEIQGR

ML IS ARAARRRAADS 565 6656T85309% 99 bre
L2 i ARARRAR A SEEEES 55455885599 99995 by
JLALI2ZAARKALRAASE SAAR A655585782854599999 febe
JZALLLIARA4RRAAR45 5576 E889997722869S9 §9¢ guke
2051LLLAAARARRAARARARAEB9RATEEETROSHG 653 Lk AL LR
QVULARAAARRARAA G LAY 17930454 5799939992 6938359

JUACABAAZAAALALRAARARLTTTO3E35E9858 56998  T#7829593

-

LI AABARARARARARARAAREARAS555688878T8G999499 3769838830
SOTAPAALAARARRAAAARAAAA RSG5 SSEB3EREEERIGGS 90 GF03Geen
ERCARARLARRAARAAAALLARRAS5555BB3E8T EETTHIGB8ES59GTunun
DrEIAMALARAARAARAR AL FECE55T8E890857T65959C058CnH
SRS IMAMCARAARCARAEBERRAEES555847RI9CTETTE 8655069 s
EEQAMLARRLAWRRARABRBAASOG65 55T 099 3TTTEETTT T mmse
SEIAALAALARIAAALRALAL RSG5 EETHTIRBOEITTRTISTTTRE s
EESERAAARRALRAAZIRZAALEG556661TBEEE0T08ATTTT3488
LIDALAARARAAKAARABEAA 5555 606E€752TT795888T5TT¢LR
SSou 0D IRAAR AL A544445678LTESIB8BTETTRRS
Stohanabduanan 1A0BALGL44444TTERSEEESS5C4L74TT7
Tz aABANAARALAREAR QR HOAATTTOSEE555L6ETTITT
CCTTITTARRARARARRAR ALGG444TTTTRIRTSTREE3EET
BTOTTTTTARAAMARMARALY4344TTTBEEE0BESES7E 28
BT13TT7ARARA ARAA445644447770860877T6598
YTTBETIAAAARLRRAAGEG4444 7778 98685909998
GYIARAAALELL455554447778878379999
AL ARAS4455544451778 778879548
bA4%5565555868877689392
RA55555665 16888  gier

AA5E556555688888 bh
4556 999
6117 998
m 599
18 539

8 59

99

L N L

L S = R

L4

4

UOTIED0T]

.



Figuze 3
5938 (05T MAP FOR ANALYSIS 1D 4ssde
(L3045 CLOSEST JNIYERSITY &ND [NJUSTRY COMTACTS)

Y INCEX

+0¢0++}++++5+9019+r+15vf42004+25++$3300+350+0@Dtoté§+0050+f055+)»Sﬂrrrri
i v e O S T T
§ +
£ t 0
4 .Li1Ll‘lLﬁAA-\nn~h,55“5"bsf385?3 ¢
AR IR v ¢ L1 E22ARAEARAAREA 5546£66T05 995518 }
L 10012 sb AL akARASSESLE(EELTREGGST 53 s +
TURTERTEGL TR ‘ DORN L ARARNALAASSESEEATE439 85545075993 Tkl 5
M IR S T) . S 2GANALALAAGSSAMAACEE5850E59952505¢ES (LA
e S anniaeite ‘ 221NN AR SLLAAAGSLOBEERIIOITTEEISIGY 55 Gase: *
L1211 L4ARARAAA SARAAALES33GTEE3TREGYS 939 53535 ke i

: Ui A b dnnha ks At RELTE838E35557C9665939 AL EEE
4 - A3 - VLALAARLIAARAAAAALLELATTEIEE3396280£5G955¢ TeTT78897 .
n 50 L 10 T7AAARAALALAARLARRAARARALESLENTEEYTERSG%E9T TEOEETTAR ]
] B Y -5«~AL:a:AAAAAALAA*£L‘L&“665568‘”938699?99 GETEECTGREY ¥
i S BSIAbA: AuAAEAAAAAAllluﬁﬂ“‘éﬁﬁﬂﬁ 35E877399588735951#840 )
i EMARE A BE55 LAl AR ARAARAAL AARARA S E05FB83599337 104783596556 ‘
4 AR ¢ CA5S AL R AARAAAA AR AR £55E555HBRITCTRTTRTHISE DT ¢
' Ut e CoL S AAAARARLAAAL AR ALOEELTEETERCETTTEAITTTT 41 " 5
¢ 150 et t S A AMAL AL AAA AL AR AESS 66T H900RATIEEELTTTENS .
! Vg - el g étSaAALAAAAALAAAAthAA665655777588&55?887776777?7 ¢
p pef = 103 + DA AAMRASAASA £ BRALOLOBET6ETBRETTSSRETESTTIN .
§ PRI N H £5 L AbOSAGARAALALARAESSS5ERETESETERRRIBTLENTTT t
¢ RTEA 20¢ LEAATYBEARALAALALAE 4555558TT55653555556 868586 177
: EE157TaBaARRLA N A2AR5555455887655555554¢4Lh6650 :
. i dyelTTIAAMARALABRBARGS5595898T3B8757546T1¢b ¢
g ALTITEEE » 279 HLET . CET1TTbEAALASALARAAG5445538T86806335567839 t
. T 7oA AnALA FEAAAD554444EEBEEPGETTTRGE8 .
FooORCED Bxory§tyg LTTATION 25+ 5779599aAAAM BRAAASA54454TTT3889859C958¢E 15
B3 PXCLUREDY BY ¢ JLEAANRAATTAEEES5455TTT8RT6R59719 ¢
ALTITLRD: €12,50) + wedd AMASASS4TSSEERBREETRRTGSSS ¢
(C5T = ¢ 957,047.54 + AR5 5666665633336758995% !
¢ ARSESLATESTB888E  gues +
L LEAST Expruslvg LOCATICH 30+ 2A555546646488888 L3 +30
NCT EXCLLDTD EY : ¢ 6666 999 +
ALTITUCE: [ %y 3) + n 899 +
COET = ¢ 235,670, 44 + 748 999 +
, 4 88 999 ¢
x  PRESENT AGENCY LOCATION: 1 8 9 +5
(16 3) + 99 ¢
(CST « 5 235,611.51 + +
+ Y +
o ‘ ‘ P S T R T T N N
'E§l3ﬁl(; 0#%4400#0005#0010»0#150002000*2500*3000+35+++§004045004500005540060!tttt

UOTIEDO]



Location ;

Cost Per Pound Per Mile i
b clres lodes of Treancporitotion
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WAIL R G YN e SAPA ST LUOCO21IS 1b. /mi. $#.C000756/1b./21.
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TABLE 7

- ANALYSIS T: RAXK ORDER OF SELECTED FEDERAL R & D INSTALLATIONS BY TOTAL 00T

b}

Cell Total  Power Shipping Univ, Ind,  Gov't, Conf/Conv Altitude
Rank  Location SYELOI Cos ¢ Cost Cost  Travel Travel Travel Travel

1, (18,03) A $300,602 $169,863 §29,038  $4,5%2- 836,000 §37,752  $3,387 500 ft,

L (@33 5 8,506 023,208 36,30 §4,060 $31,747_§25,661 _§6,160 100 ft,

S 0809 NS4 03 Q60,04 934,158 §3,664 $26,090 §31,054  $4,391 3,000 ft,

— e gib), /
G CBIY) A mbaer siodld SMD06 AT ST @R §5,000 30
EX L) SRS LIPS [N ,;“4,005.,_%065 ORI LI P 13
0. LEN T RIS §0,056 §35,48 k04 §I,88E §33,15% 34,_031 L
i .
LRI e e suhgtn G345 809,340 §5,49 44,683 1w B
FoOIBAR T s s e g0 56060 S 600 §45556 $24)10  $11,3% 1,000t
G Q88 6 sy v 296,085 60,036 45,960 $60,591 §20,%46 614018 Jiig

S0 (e 8 S613,93 056,185 §65.0%  §5,560 £62,501 §26.946 S14,01¢ 100 {1,

L3 8 e L 48,243 3,400 S16.000 S26,00 930 1,000 ft

L (3% 8 $436,580 $305,866 $50,250 §4,718 839,550 §25,514 810,626 100 ft,

15, (28,%) & $440,310 $305,800 §51,862 §4,813 $41,230 25,617 §10,948 100 fi,

N, (124 8 §448,354 8295320 $58,869  §4,549 §52,573 §25,037 $12,004 1,000 f,

15, (3LA5) 9 5497,039 $316,485 $67,668  $6,109 $59,806 §30,216 §13,946 100 fr.

16, (549 ° 450,480 $404,583 §67,367  $5,400 $62,473 $26,780 $13,873 00 ft,

i
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TABLE 3

JNALYSIS 11: RANK ORDER OF SELECTED FFDERAL R § D INSTALLATIONS BY TOTAL COST

Cell Total  Power Shipping Univ, Ind,  Gov't, Conf/Conv Alti-ude
Renk  location Symbol  Cost Cost  Cost  Trevel Travel Travel  Travel
1 (18,03 N $265,612 $189,883 $29,038 § 26 $23,522 §31,150 $ 5381 5 ft.
Lo (1930 5 $BLUGT §N3,018 §46,30 $2,862 $26,000 §25,801 § 9,180 109 fe.
(1909 A 435,808 §263,874 $3411528 § 162 $20,568 $32,0% $ 4,39 3,000 f‘t.
4, [26;19) A $TL9 ShI606 842,469 $2,268 §22.461 $27,91) 5,905 5,000 ft.
S, (1849) 7 833,615 $256185 $58,036 S, $27,186 $26.046 §14.019 0 :r,
6. (1843) 7 $393,615 $256,185 68,036 SL,253 §27,186 $26.966 14019 1 -
. (B340) §401J52; §260,890 $56,460  §1,539 §24,982 §24120 $11,53% 100 Gt
B (0,07) 8 sh0,169 §309,688 $34,407 § 185 §00,550 33,116 $4,163 L5
0, (23,07) B 403,289 $310,056 $35,485 § 40 $20,430 $33,19% $4.08L 230 i,
10 (20,05 8 $412,133 $316,042 $33,664 ‘.s 436 $21,909 $35,437 § 4,6h3 1,500 ft.
0. (1243 8 "gale,m $295,322 858,869 § 486 $24,e9sv.$25,037 $12,006 1,000 £t
12 (12,33) 8 s41,95 $3ILBS2 48,243 § 761 $23,685 $26,002 § 9,382 1,000 ft.
13, (29,35) B $426,63 305,866 $50,050 2,542 $26,833 $5,5U $10,626 100 ft.
M (1,3%) 8 $423,751 $305,800 . $51,880  $2,504 $26,980° 825,617 $10,%48 100 fr, |
15, (3LAS) 0 s4e,900 $319,485 $67,668 $0,889 $30,667 30,216 13,06 100 ft, g
16, - (1548 % 4530986 $404,583 $67,367 €62 $26,521 $26,780 13,873 100 fr. g
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