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SUMMARY

The present report comprises the fourth volume of a Proposal
for a Very Large Array (VLA) for Radio Astronomy. It describes the
history, procedures, and results of the work done to locate a suit-
able site for the instrument. Of the 34 sites which were considered,
the following 7 were found to meet the general requirements of the

array.

Y15 Plains of San Augustin New Mexico
Y16 Black Rock Desert Utah

Y17 Monitor Valley Nevada

Y22 Separ New Mexico
Y23 Aguirre Valley Arizona
Y27 Lobo Valley Texas

Y33 Steptoe Valley Nevada

One of the sites, Y15, the Plains of San Augustin in New Mexico,

is scientifically and technically superior to all other sites considered.

iii



Chapter 1

INTRODUCTION



1-1

Chapter 1

INTRODUCTION

A. Introduction

A proposal for a Very Large Array Radio Telescope (VLA) was is-
sued by the National Radio Astronomy Observatory (NRAO) in January 1967.
It comprised two parts: Volume I, The VLA Concept; and Volume II, The
System Design. Two years later, in January 1969, the proposal was fur-
ther developed and refined in Volume III. The present volume is the
fourth of the series. It is concerned with the site for the instrument--
the considerations which guided the search for a suitable location, a
description of all of the sites which were considered at any time, and
a detailed discussion of the seven sites which proved to be suitable
for the needs of the array. The basic philosophy of the site search
was considered briefly in Chapter 8 of Volume I, and some specific site
problems were discussed in Chapter 4 of Volume III, but detailed dis-
cussions were deferred to the present volume.

The large physical dimensions of the proposed instrument, the
shape and orientation of its configuration on the ground, the antenna
element mobility needed to make the array adaptable to a wide variety
of astronomical tasks, and the environmental requirements place severe
demands on the nature of the array site. The geometrical aspects of
the array design alone impose drastic conditions on the topography of
an acceptable site. Furthermore, the attainable performance of the
instrument is subject to limitations which ultimately are set by its
environment. Atmospheric instabilities, analogous to those which cause
the stars to twinkle when viewed by eye, have a blurring effect on the
radio picture synthesized by the array. The atmosphere is more favor-
able in some parts of the country than elsewhere. Electrical inter-
ference can mask or distort the very faint signals which the array is
meant to study. For this reason, the facility must be built in an area

where interference levels are low. Insofar as they govern the precise



placement of the antenna elements, the features of the terrain at the
site influence the capabilities of the system. Indeed, the character-
istics of the site are so intimately tied to the performance of the
VLA that it is reasonable to regard the site as being, in a sense, a

part of the instrument.

B. The Organization of the Present Volume

Chapter 2 sets forth the primary criteria which guided the site
search. These are largely topographic and geographic in nature, and com-
prise the basic requirements of the array location.

The secondary selection criteria are discussed in Chapter 3. These
are the considerations which guided the assessment of the relative
merits of the sites which satisfied the primary criteria. They are gen-
erally not so absolute as the primary criteria, tending to be more quali-
tative in nature.

Chapter 4 contains a description of the procedures used in finding
and evaluating the potential array sites. It also lists all of the
sites which were considered, together with certain basic geographic data
for each.

Of the 34 potential array sites, 7 satisfied the site criteria
well enough to merit detailed evaluation. These seven sites are con-
sidered in depth in Chapter 5. All are acceptable candidates for the
VLA site. )

Finally, in Chapter 6, the remaining 27 sites are discussed indi-
vidually, with particular attention to the reasons for their exclusion

from the final 1list of acceptable sites.

C. A Brief History of the Search for a VLA Site

The serious effort to find a site began in the fall of 1965 when
the basic scientific goals of the array were clearly taking form. It
was evident at this time that the very high angular resolving power en-
visioned for the array, with a synthesized half-power beamwidth of 1

second of arc at a wavelength of 11 cm, would demand a site with overall
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dimensions of approximately 30 miles. The planned versatility of the
array, with the option of rearranging the elements in ways appropriate
to the needs of observing programs of different kinds, also meant that
the terrain along the array branches had to be smooth and level. It

had been established that the most efficient configuration for the array
would be an equiangular Wye, with three arms of equal length at inter-
vals of 120° in azimuth. Finally, the site would have to be in an area
where land is cheap, and where there are few human activities which could
adversely affect the operation of the array or the quality of its en-
vironment. This is one of the reasons why it was decided quite early
that the search should be confined to the southwestern quarter of the
continental United States. This decision was also influenced by the
aridity and generally high ground elevations of the Southwest, which
were attractive from the standpoint of atmospheric stability.

At this stage, it was by no means certain that a suitable site could
in fact be found in the United States. Accordingly, a quick examination
of the available topographic maps of the Southwest was made (September
1965), and 15 possible sites were noted. In November 1965, members of
the NRAO staff visited three of the possible sites in New Mexico. Only
one of these looked like a viable site upon actual inspection; the
other two had serious deficiencies which were not evident on the exist-
ing maps. This ratio proved to be representative of the results of sub-
sequent trips to other localities.

By December 1965, computer studies of the performance of the Wye
configuration had shown that the orientation of the array on the ground
was critical for its performance at low declinations. This point had
not been appreciated earlier; as a result, several of the sites in the
original list of 15 were dropped from further consideration because the
terrain surrounding them prevented a suitable orientation of the array
branches.

The basic topographic demand now took a form which was to remain

unaltered until 1969: The site must permit placement of an equiangular



Wye on level ground with each of the three arms 24 km (15 miles) in
length, and with one arm on an azimuth differing from a true north-south
line by between 4 and 10 degrees. The very narrow tolerance in the per-
missible orientation of the arms placed yet another highly restrictive
condition on the terrain at a site.

With a firm set of topographic criteria established, a careful,
systematic search of the topographic maps of the Southwest was made in
early January 1966. Fourteen new possibilities were added to the list,
giving a total of 29 sites in 6 states (California, Nevada, New Mexico,
Arizona, Texas, and Utah). (As mentioned above, some of the original 15
were no longer active candidates because they failed to satisfy the basic
criteria as finally specified.) Two additional sites were added to the
list in 1967.

At this time it was believed that it was desirable to build the
array as far south as possible in order to maximize the sky coverage.
Later this consideration was given less weight. The field work in 1966,
however, concentrated on the sites south of latitude 36° N, with the
idea of going farther north only if it proved to be impossible to find a
good site in the south. During the first three months of 1966, the 16
sites south of 36° N were assessed as well as possible from published
topographic information and the 7 which seemed most promising were
visited by members of the VLA design group. Four of these were judged
to be feasible for array construction; and 3 of these 4 were particularly
attractive for various reasons. One was in southern Arizona, about 40
miles west of Tucson; another was in western New Mexico, about 90 miles
southwest of Albuquerque; and one was in western Texas, about 155 air
miles southeast of El Paso. These sites were designated Y23, Y15, and
Y27, respectively.

In May 1966, Limbaugh Engineers, Inc., an Albuquerque firm, was
given a contract to study these 3 sites in depth. 1In addition to provid-
ing highiy detailed information on the actual characteristics of the 3

areas, the study gave a solid assessment of the practical problems and



cost factors of site development. The study included preliminary engi-
neering work on laying out the roadways along the array branches, the work
needed to provide the necessary electric power and access roads, the
preliminary design of the central building complex with its supporting
facilities, and the status of land ownership and the means and probable
cost of site acquisition. An Interim Report was submitted to NRAO in
August 1966, and the more detailed Final Report was received in November
1966. These documents provided the VLA design staff with a wealth of
valuable practical information on site development problems and costs.

By 1969 the continuing studies of the array configuration had shown
that it was possible to achieve a 1" ! synthetic beam at 11 cm wavelength
with array arms only 21 km (13 miles) long instead of 24 km (15 miles).
This meant that on several of the sites the array layout could be re-
aligned onto rather better terrain. At the same time it was decided to
examine sites north of 36° N, and the northern latitude limit was extended
to 42° N. The higher latitudes were less attractive because of the more
limited sky coverage, but if otherwise excellent sites could be found,

a compromise might be considered.

The extension of the search to 42° N permitted the addition of 3
more sites to the list, for a total of 34. The 9 most promising sites
north of 36° N were inspected during May and October 1969. Three of
these were worthy of further consideration. One is in Utah and 2 are
in Nevada.

Thus, out of a total of 34 candidates, 7 sites seemed acceptable.

In order to obtain a broader background of relevant information regard-
ing them, Limbaugh Engineers was given a new study contract in October

1969. Three of the sites had been studied by them in 1966, and the in-
formation for these was revised and updated where appropriate. Much of
their final report, dated 1 January 1970, is incorporated bodily in

Chapter 5 of the present volume.

n

! In this volume, the notation means seconds of arc.
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Chapter 2

THE PRIMARY SITE SELECTION CRITERIA

A. Absolute and Relative Requirements

Many factors must be considered in the selection of a suitable place
to build the array. Some of these are absolute ('primary criteria"),
since they have a direct influence on the astronomical capabilities of
the instrument; an example is the physical extent demanded by the angular
resolution requirement. Others are relative ('"secondary criteria'),
although important, and they leave some room for compromise. In the pre-
sent chapter, we deal with the "primary criteria' which must be satis-
fied absolutely by an acceptable site. They reflect the scientific

characteristics of the VLA concept.

B. The Site Topography

Much of the power of the VLA concept lies in three of its features
which together effectively define the kind of topography the site must
have. These are the following:

(1) High Angular Resolving Power with Low Sidelobe Levels. One

of the chief aims of the VLA is to provide a synthesized half-power
beamwidth of 1" at a wavelength of 11 cm. This demands that the overall
physical extent of the array be approximately 330,000 wavelengths (about
36.5 km, or 22.7 statute miles) if the sidelobes of the synthesized re-
ception pattern are to be at an acceptably low level. Each arm of the
proposed array configuration, an equiangular Wye, will be 21 km (13
statute miles). Thus the site as a whole must be at least 42 km (26
statute miles) in diameter, although the antenna elements actually oc-
cupy only three narrow radial strips, about 200 yards wide.

(2) Good Synthesized Radiation Pattern at Low Declinations. An

inherent feature of the VLA concept is that it makes use of the rotation
of the earth in order to sample a large number of Fourier components

of a source brightness distribution with a relatively small number of
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antennas. Because of the geometrical projection relationships involved
in this process, the efficiency with which the array exploits the ro-
tation of the earth varies sharply as a function of source declination,
regardless of the actual configuration of the array elements. Almost
any reasonable configuration gives good sampling at high declinations,
near the elevated celestial pole. The performance attainable with any
configuration deteriorates with decreasing declination, reaching its
lowest efficiency at the celestial equator. Careful attention to the
actual placement of the array elements, however, permits adequate sampling
to be maintained over the entire declination range accessible to the
instrument. This involves both the locations of the individual antennas
on the branches of the array and the orientations of the branches on

the ground. Computer studies of the low-declination performance have
shown that good synthesis can be achieved with the equiangular Wye only
if one branch lies between 4° and 10° off of a true north-south line.
Therefore, there is a very narrow tolerance in the range of admissible
array orientations on the ground.

(3) Ability to Alter the Geometry of the Array. An important

feature of the proposed array is the flexibility afforded by the capa-
bility of altering the antenna configuration along the branches of the
Wye. This permits optimization of the instrumental parameters to suit
a wide range of astronomical problems. The required roadways will be
prohibitively expensive, however, unless the terrain along the array
branches is smooth enough that only minor cutting and filling is needed.
It is also desirable that the finished grades along the branches be

limited to about 2 percentl.

b1t certainly is feasible to lay railroad tracks for the transportation
of the antenna elements along the arms of the Wye in quite rough ter-
rain; it will, however, be very expensive. Therefore, a reasonably
flat area which requires a minimum of earth moving and permits a
maximum finished grade of the track of less than 2 percent is highly
desirable. Although this requirement does not affect the scientific
performance of the array, it is judged important enough to be in-
cluded as a "'primary criterion'.
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These three aspects of the proposed array place very severe re-
strictions on the site topography. They lead directly to the first and

most fundamental of the primary site selection criteria:

The topography of the array site must permit three
lines, radiating from a common point at intervals
of 120° in azimuth, to be laid out such that one of
them lies between 4° and 10° off a true north-south
line. The maximum finished grade of any of these
lines must not exceed 2 percent at any point within
21 km (13 miles) of the point of intersection. The
original ground surface along each branch must be
smooth enough to permit construction of the antenna

roadway with only minimal earth moving.

C. Sky Coverage

The farther the instrument is from the equator, the smaller the
declination range within which it can work effectively. Foreshortening
effects and the limited accessible hour angle range seriously restrict
the quality of the mapping that can be done for sources which transit
at zenith distances greater than 60°. Synthesis mapping is of little
value when the zenith distance at transit is over 70°. It is desirable
that the VLA be useful as far south as the galactic center, which is at
a declination of approximately -30°. For this reason, the latitude of
the site preferably should not be higher than 40° N. A latitude higher

than 42° N is not acceptable. Thus there is a second primary criterion:

The site must be south of latitude 42° N and it
preferably should be south of 40° N.

D. EFElevation and Atmospheric Water Vapor Content

The presence of the earth's atmosphere, particularly its water

vapor, will have a disturbing effect on the operation of the array. Its
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effect is to blur the synthesized maps. It is in many respects analogous
to the '"seeing'" conditions in optical astronomy. The conditions improve

1

with higher elevation®, and relative elevation was a factor in comparing

sites of otherwise similar quality.

Preference should be given to sites at high

elevations above sea level.

E. The Availability of the Site

It is not enough that a site be topographically adequate. It must
also be obtainable without undue cost, and there must be no activity on
it, or close to it, which might conflict with the operation of the ar-
ray or which might affect its environment adversely. This is possible
only in areas of very low population density. Human habitation and
economic activity in the modern world inevitably imply electrical inter-
ference, and even low-density activity of certain types would have a
deleterious effect on the environment of the instrument. Intensive culti-
vation, mining, oil or gas drilling, and defense activities in the im-
mediate vicinity would all be inimical to the kind of environment that
is needed. It is important that the human activity near the site be
low-key in nature; grazing, for example. Thus the third primary criterion

can be stated as:

The site, and the country surrounding it for
some miles, must not be used to any important
extent for cultivation, manufacturing industries,
mineral exploitation, or defense purposes. The

population density in the area should be low.

1 Measurements of the water-vapor content were made for a period of about
two years at three of the acceptable sites. The measurements, which
are described in Chapter 4, Volume III of the VLA proposal, show that
the sites are acceptable also from this point of view. _—



F. The Search Area

The second and third criteria above restrict the search for a site
to the southwestern part of the United States, since the high population
density and intensive human use of the eastern half of the nation are
incompatible with the requirements of the VLA. 1In practice, the search
was confined to United States territory west of the 100th meridian and
south of the 42nd parallel. This takes in roughly one quarter of the
conterminous United States. It includes all of Arizona, California,
Colorado, Nevada, New Mexico, and Utah, as well as parts of Kansas,
Nebraska, Oklahoma, Texas and Wyoming.

The Southwest is also the best part of the country from the stand-
point of the topographic criterion. Much of this area is characterized
by broad, flat valleys surrounded by mountains. These valleys are often
large enough for the array, and the mountains provide a valuable shield
against distant sources of interference.

The aridity and generally high elevation of the Southwestern val-
leys are also attractive. Both of these factors are conducive to the
atmospheric stability needed to minimize the adverse effects which var-
iations in the distribution of water vapor over the instrument can have

.on the synthesized maps of cosmic radio sources.
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Chapter 3

THE SECONDARY SITE SELECTION CRITERIA

A. General Remarks

In the preceding chapter, the primary criteria for the array site
were developed. Those criteria can be thought of as necessary, but not
sufficient, conditions. Sites satisfying them still must be evaluated
in terms of other factors--some for the purpose of eliminating unsuit-
able candidates, and some with the aim of establishing a rational order
of preference among those where array construction would be feasible.
The latter aspect is the more important, since most sites meeting the
primary criteria would be usable for the array. Some are much more de-
sirable than others, however, and the secondary criteria provide the
rules for sorting them out.

The secondary criteria are rather numerous, but they can be grouped
naturally into a few categories. They will be discussed by category in
the following sections of this chapter. Many will also be discussed at
greater length in Chapter 5, which deals in detail with the most promis-

ing potential sites.

B. Natural Hazards to the Instrument

This section is concerned with those characteristics of an area
which hold a potential danger to the physical safety of the installation.
Factors of this kind have a bearing on the cost of the instrument, since
protective measures must be taken against them whenever possible. Some
natural hazards are so serious that they are in fact strong reasons for
rejecting certain otherwise acceptable sites.

Some natural hazards are related to unusual weather phenomena.

They include damage from flooding, high winds, and severe hail, all of
which could seriously injure the array. Fortunately, the likelihood of
these events can be judged accurately from existing records, since they

are manifestations of stable, long-term climatic characteristics.



The Southwest is generally arid. A large fraction of the rain
which falls comes in summer storms which can dump an enormous amount of
water into a restricted area in a short time. Most of the potential
sites are in broad, flat areas adjacent to mountains where high runoff
volumes can develop, and a number of them are in closed drainage basins.
Thus heavy rainfall over a considerable area can be funneled into the
site. The soil is very permeable around a few of the possible sites,
with the result that the influx of water is quickly absorbed. However,
if the existing natural drainage pattern is poor, or if its capacity
is low, local flooding will occur from time to time. The standing water
can persist for some time in areas where the soil is relatively im-
permeable. Apart from actual flooding, there is also the danger of
erosional damage to the installation from moving water. It is clear
that adequate drainage control is an important part of site engineering.
Particular care must be taken to ensure that any disruption which the
faciliéy makes to the natural drainage pattern is properly compensated.

Wind damage is unlikely to occur except in tornadoes, since the
antennas are designed to withstand winds up to 110 miles per hour. All
of the potential sites are in areas where the tormnado frequency is
relatively low, less than 2 per 1000 square miles being reported during
the period from 1916 to 1963. The actual frequency varies considerably,
however, over the area covered by the site search. It can be assessed
reliably from local records in each individual case.

Heavy hail can cause serious damage to the precisely figured re-
flecting surfaces of the antennas. The frequency and severity of hail-
storms vary considerably from one site to another. Fortunately, they
can be assessed confidently from local records since the hail statistics
for any given area are quite stable. Some parts of the Southwest are
essentially free of damaging hail, while it is a fairly serious problem
in certain areas.

Earthquake damage is also a possible hazard. There are a number

of active fault zones in the Southwest where the likelihood of severe
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earthquakes is particularly high. For this reason, the vicinity of each
site was examined for evidence of geologically recent fault movements.
Damaging earthquakes can also result from deep subsurface movements with-
out associated surface faulting. The likelihood of these can be assessed
only with seismic data and historical records of earth tremors.

Of the natural hazards discussed above, hail is probably the most
serious because of the fairly high frequency with which it occurs in some
places and the fact that there is no economical way to protect the an-
tenna surfaces from it. The only effective countermeasure is to avoid
sites where heavy hail would be at all likely.

A tornado would almost certainly wreck any part of the installation
lying directly in its path. However, the destructively high winds of a
tornado are normally confined to a narrow band no more than several hun-
dred feet wide. The vulnerable parts of the array, the antennas and
the central building complex, will be widely dispersed, and serious dam-
age would be improbable even if a tornado swept through the site. Never-
theless, the hazard must be recognized, and it would be well to build
the array in a place where tornadoes are almost unknown.

In principle, the danger of flooding and running water damage can
be eliminated completely by adequate drainage control. Extensive
measures of this kind would be very costly, however, and the array should
be built in a place which would minimize the need for them.

Earthquakes could cause serious damage, particularly to the cables
connecting the antennas to the control center. Some structural damage
to the antennas could occur, but it would probably not be serious unless
the quake was very severe. The electronic installations on the antennas
would be relatively safe since they are designed to withstand high
accelerations during normal use. On the other hand, the electronic equip-
ment at the control center, including the computer, would be susceptible

to damage. This hazard can be minimized by good design.



3-4

C. Conflicting Activities

There are a number of kinds of human activity which could have a
bad effect on the enviromment of the array, even though the number of
people involved is small and the presence of the activity is not par-
ticularly obvious to the casual onlooker. It is clear that any kind of
radio transmitting facility near the site could lead to a conflict if
the electromagnetic radiation is powerful enough and contains frequencies
which could affect the VLA system. This includes navigational aids,
radar stations, communication relay stations, and almost any kind of
military electronic activity. A high density of air traffic in the
vicinity is undesirable because of the signals emitted from aircraft,
for example, those using distance measuring equipment (DME). Aircraft
can also scatter distant radio and radar signals into the reception pat-
tern of the array. Thus it would be well to avoid placing the instrument
in a region where intensive military or civil aeronautical activity takes
place frequently.

There are activities at ground level which could have an unwelcome
influence on the enviromment. For example, mining and oil or gas drill-
ing in the immediate vicinity could hardly fail to be somewhat dis-
ruptive. Thus consideration must-be given to the mineral and fuel re-
sources in the neighborhood of each site, and the likelihood of their
future exploitation must be assessed. Exploitable natural resources
could also be a complicating factor in site acquisitionm.

Underground nuclear testing may cause seismic effects. This problem
had to be considered for some of the locations in Nevada which are
relatively near the Nevada Test Site of the Atomic Energy Commission.

Railroads and major highways offer a considerable, although not
insurmountable, obstacle to the free movement of the array elements. The
array is so large that it is not practical to try to avoid such cross-
ings altogether, and in fact very few of the potential sites are un-

affected by this problem. It is worse for some sites than others, however,



and it must be treated as one of the factors which influence their
relative desirability for the VLA. Highways introduce a certain amount
of electrical interference into the site, owing to radiation from ve-
hicular ignition systems. The array tends to reject most low-level

interference of this type, but the rejection is not complete.

D. Human Factors

Under this heading, the aspects of a site locality which bear on
the problem of hiring and keeping an adequate resident staff are con-
sidered. It also covers the less urgent, but still significant, problem
of ease of access for scientists visiting the facility.

It is expected that approximately 60 persons will be needed to
operate and maintain the instrument. About half of these would be people
without highly specialized skills, and they presumably could be drawn
from the general area of the site. The scientific and technical staff,
however, would be brought in from elsewhere. Staffing will be difficult
unless sufficiently attractive communities are within a reasonably con-
venient distance from the array site. Therefore the nearer communities
must be considered from the standpoint of their schools, shopping facil-
ities, medical services, and available housing. These communities should
be close enough to the site that daily commuting by automobile would not
be unreasonable. Finally, the kinds of recreation available in the
area should be considered.

Nearly all of the potential sites are in fairly remote areas where
the population density is low. Communities are usually small, and it
might be difficult for them to absorb a large influx of new families.

The ability of these places to accommodate a jump in population must be
evaluated.

It is desirable that travel to the facility should not be difficult
for visiting scientists. There should be no problem if a city with
scheduled air service is within two or three hours driving time from the

site.
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E. Miscellaneous Factors Which Influence the Cost of Site Development

The cost of some items. involved in site development is largely in-
dependent of the choice of site. There are others, however, which have
costs that depend very strongly on site characteristics. An example is
the establishment of adequate drainage control. Another factor which
has a strong bearing on the cost of the site development is the smooth-
ness of the ground along the array branches, since about 40 miles of
level antenna roadway must be prepared. Also to be considered from the
standpoint of cost are the availability of such raw materials as sand
and gravel near the site, the kind and amount of vegetation that must be
removed, highway and railroad crossings for the array branches, and so on.

The ease of obtaining ample water of quality suitable for domestic
use is another important variable factor. In some areas the mineral
content of the ground water is so high that wells would not be a usable
source. In others, aquifers of adequate capacity can be reached only by
very deep drilling.

The availability of electric power at the site is important. It is
expected that the facility will have a continuous demand of 800 kW and
a peak demand of 1600 kW. Power lines will have to be built to connect
the facility to the existing distribution system. At some sites, this
would mean going many miles. Since the demand load is so great, the
capacity of the existing distribution system would often have to be in-
creased. The utility companies will require NRAO to meet a major fraction
of the construction cost. This can be considerable, since power lines
of the required kind cost up to $10,000 per mile.

Every site will require a certain amount of access road construction.
The actual length depends on the existing road net in the vicinity of the
site, and it varies drastically from one to another. The cost of access
road construction ranges from less than $40,000 to over $100,000 per mile,
depending on terrain, drainage, and the cost of acquiring the right of way.

Another highly variable item is the ease and cost of acquiring the

site for NRAO. This problem is discussed at length in Chapter 5.



Acquisition should be easy and inexpensive when the land is in the public
domain, as it largely is for many of the possible sites. When Indian
land is involved, access can be obtained only through a lease arrangement
acceptable to the tribe. In some areas, it also appears that leasing of
privately owned land would be more practical than outright purchase. It
is desirable, however, to obtain title to the site if possible.

Finally, the prevailing wage scales for the skilled and unskilled
labor needed during array construction must be considered. Much of the
unskilled force probably could be drawn from the vicinity of the site,
but skilled labor would usually have to be brought in from a considerable
distance. This raises certain problems of compensation, and it also in-
volves the provision of housing and food during construction. There is
also a noticeable variation in the prevailing wage scales from one area

to another.
F. Climate

In the present context, "climate" refers to persistent atmospheric
characteristics of a site area which can influence the performance of the
instrument. Weather phenomena which could result in damage to the instru-
ment have already been discussed above with the other natural hazards.

At elevations below 1 km (3000 feet) above sea level in the South-
west, the mean daily maximum temperature in the summer is generally over
38° C (100° F). Extreme temperatures lead to a number of technical problems
with the antennas and receivers, and it would be desirable to avoid them
if possible. High temperatures also lead to strong convective motions in
the lower atmosphere. The refractive anomalies associated with convection
cells distort the plane radio waves passing through, thereby altering
the relative phases of signals received at different points. With an array,
this ultimately has the effect of blurring the synthesized maps of radio
sources. This problem cannot be avoided entirely but it can be eased
somewhat by choosing a site with regard to it.

It is therefore desirable to choose a site with as little, and as

dry and stable, atmosphere above it as possible.
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Chapter 4

THE BASIC SITE LIST. SITE EVALUATION PROCEDURES.

A. Locating Possible Sites

The first step in finding potential array sites was to locate all
of the places which seemed, on the basis of intermediate-scale topo-
graphic maps, to satisfy the primary criteria described in Chapter 2. As
explained previously, the search was confined to United States territory
south of latitude 42° N and west of longitude 100° W.

Maps of the 1:250,000 series published by the U.S. Geological Survey
were used. This scale was satisfactory for the purpose. For most of
the area considered, these maps have a contour interval of 200 feet, which
is small enough to show the general character of the topography quite well,
although it is much too coarse to permit an assessment of the smoothness
of the ground. Drainage patterns and channels are shown in good detail.
Watershed areas can be estimated accurately. Railroads, highways, pipe-
lines, mines, and oil fields are shown, as are all towns and cities. 1In
the more remote areas, where the possible sites are to be found, these
maps show all dirt roads and homesteads, and even many windmills and cor-
rals. Furthermore, the boundaries of military reservations, national
forests and parks, Indian reservations, etc., are given. On the whole,
these maps were nearly ideal for the initial site search.

The map study provided a basic list of 34 possible array sites.
These are enumerated in Table 4-1, in the order in which they were found.
They are designated individually by the letter Y followed by the number
given in the first column. The second column gives the state in which
the site is located; the third, fourth, and fifth columns give the lati-
tude, longitude, and elevation above sea level at the array center (the
point where the branches intersect). The sixth column contains the true
azimuths of the individual array branches, as seen from the center. The

last column gives the name of the flat area containing the site, or of a



Center Coordinates

Table 4-1

POTENTIAL VLA SITES

Elevation
Desig- North West at center, Arm Azimuths
nation State Latitude Longitude feet from center Name
Y 1 N.M. 32°11!2 103°36!8 3500 005°-125°-245° San Simon
2 N.M. 33 34.8 106 40.5 4720 055 -175 -295 Jornada del Muerto
3 N.M. 33 13.5 106 23.0 4050 005 -125 -245 White Sands
4 N.M. 34 40.6 108 14.5 7300 053 -173 -293 North Plains
5 Ariz. 35 48.9 110 58.4 5740 056 -176 -296 Moenkopi
Y 6 Ariz. 31°55'3 112°15%0 1850 069°-189°-309° Kupk
7 Utah 39 48.6 112 44.2 4650 090 -210 -330 Crater Springs (Alternate)
8 Ariz. 32 43.0 113 14.9 670 056 -176 -296 Sentinel Plain
9 Utah 38 40.4 113 20.0 4680 068 -185 -308 Wah Wah Valley
10 Utah 39 54.1 113 30.0 4290 065 -185 -305 Great Salt Lake Desert
Y 11 Utah 39°33!5 113°31!7 4900 057°-177°-297°  Tule Valley
12 Ariz. 32 27.3 113 40.6 740 047 -167 -287 Mohawk Valley
13 Nev. 36 45.1 114 23.7 2000 055 =175 =295 Mormon Mesa
14 Nev. 39 33.2 115 38.5 5890 099 -219 -339 Newark Valley
15 N.M. 34 04.7 107 37.1 6960 115 -235 =355 Plains of San Augustin
Y 16 Utah 39°02!4 112°40!8 4630 066°-186°~306°  Black Rock Desert
17 Nev. 39 35.4 116 27.4 6180 114 -234 -354 Monitor Valley
18 Utah 39 35.9 112 40.6 4590 115 -235 =355 Crater Springs
19 Nev. 38 08.1 117 27.9 4800 005 =125 -245 Tonopah
20 Nev. 38 26.5 117 21.7 5250 056 =176 =296 Tonopah (Alternate)
Y 21 Nev.,Cal. 36°37!8 116°29!8 2520 068°-188°~308°  Amargosa Desert
22 N.M. 32 15.6 108 24.2 4700 067 -187 -307 Separ
23 Ariz. 32 05.0 111 35.3 2820 115 -235 -355 Aguirre Valley
24 Tex. 31 13.1 103 16.9 2700 054 =174 -294 Pecos
25 Nev. 37 53.4 116 40.8 5550 008 -128 -248 Cactus Flat
Y 26  Tex. 31°41!0  105°21!0 4100 056°-176°-296°  Salt Flat
27 Tex. 30 26.4 104 23.4 4540 116 -236 -356 Lobo Valley
28 Tex. 29 04.6 100 22.5 950 004 -124 -244 Spofford
29 Cal. 34 51.9 117 23.4 2650 066 -186 -306 Mojave Desert
30 N.M. 36 17.3 108 21.5 5750 064 -184 -304 Hunters Wash
Y 31 N.M. 35°5212 108°33'4 5900 116°-236°-356°  Mexican Wash
32 Nev. 40 28.3 117 15.2 4620 113 -233 -353 Buffalo Valley
33 Nev. 40 28.3 114 28.8 5600 007 -127 -247 Steptoe Valley
34 Nev. 40 29.8 115 10.9 6000 114 -234 -354 Ruby Valley
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nearby town or geographical feature. For various reasons, a number of
the entries in Table 4-1 do not actually satisfy the primary criteria
described in Chapter 2. Nevertheless, they have been included for the
sake of completeness. The table contains every site that has been con-
sidered, however briefly, for the VLA.

The locations of these 34 sites are shown in Fig. 4-1. Each is
marked by a Y-shaped symbol which correctly shows the array size and

orientation. Three forms of this symbol are used:

Category 1 : Prime sites which would be feasible for

array development.

Category 1II : Sites which were eliminated after field
examination.
Category III : Sites which were eliminated after serious

deficiencies from the standpoint of the

VLA were revealed by maps and reports.

The 34 locations are distributed over six states: Arizona, California,

Nevada, New Mexico, Texas, and Utah.

B. Clearly Unsuitable Sites

After the basic site list was complete, the next step was to filter
out the most obviously unsuitable candidates. It was pointed out in
earlier chapters that several sites were listed which did not actually
satisfy the primary selection criteria. In fact, after careful exami-
nation of large-scale maps and available records, 14 of the possible
sites were dropped from active consideration because of poor orientation,
conflicting activities, or poor topographic characteristics. These are
the sites assigned to '"Category III" in Fig. 4-1. They were not visited
by members of the VLA group. They are discussed individually in Section

B of Chapter 6.

C. Field Inspection

The 20 remaining sites were visited and inspected by members of the

VLA design group. Table 4-2 includes a log of visits to each of these
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Table 4-2

MAIN INSPECTION TRIPS TO POSSIBLE VLA SITES
BY MEMBERS OF THE VLA DESIGN GROUP

Site Aerial Examination Ground Examination
Y1l 18 Nov 65
Y4 17 Nov 65
Y5 12 Feb 66
Y6 17 Jan 66
Y9 29 Oct 69
Y15 ‘ 17 Nov 65 16 Nov 65
19 Jan 66 19 Nov 65
12 Feb 66 13 Feb 66
Y16 29 Oct 69 30 Oct 69
Y17 27 May 69 28 May 69
Y18 29 Oct 69
Y19 27 May 69 28 May 69
Y20 27 May 69
Y22 19 Jan 66 18 Jan 66
20 Jan 66
Y23 11 Feb 66 15 Feb 66
4 Jun 66 4 Jun 66
6 Jun 66
Y26 11 Mar 66 12 Mar 66
Y27 11 Mar 66 12 Mar 66
21 Jun 66
Y30 16 Jan 67
Y31 16 Jan 69
Y32 27 May 69
Y33 27 May 69

Y34 27 May 69
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sites. The procedure usually followed was first to inspect a site care-
fully from the air, flying slowly along the array branches at an alti-
tude of 100 to 200 feet above the ground. In some cases, this showed
that slight adjustments to the center location and arm orientations
would permit alignment onto better terrain. The aerial inspection made
possible a good assessment of the suitability of the terrain, and it
gave a good idea of the quality and nature of the drainage. The initial
aerial inspection of a site normally took about one hour. More time was
spent on the sites which appeared to be exceptionally attractive.

The aerial inspection revealed adequate cause for rejecting 11
sites without further study. In such cases, the reason was usually ex-
cessively rough or rocky terrain, or serious drainage deficiencies.

Eight of the nine sites which remained after the aerial inspection
were examined on the ground by members of the VLA group. The exception
was Y33, which was rather difficult of access. In the ground inspection,
no attempt was made to cover the entire length of each branch. The ex-
amination was confined to the neighborhood of places where the branches
cross existing roads or trails, except when there were particular places
which the aerial inspection had suggested should be looked at closely.
The ground examination clarified various points noted from the air, and
two more sites were rejected after being visited. The 13 sites which

were dropped after being inspected are discussed in Section C of Chapter 6.

D. Engineering Studies

The 7 remaining sites were studied in detail. Since numerous
factors must be considered in the light of expert knowledge of many kinds,
the services of a reputable civil engineering firm were enlisted. Two
such studies were made. 1In 1966, Limbaugh Engineers, Inc. of Albuquerque
was given a contract to make a preliminary engineering study of sites
Y15, Y23, and Y27. 1In 1969, the same firm was given a second contract to
make a similar but somewhat broader evaluation of all 7 of the viable
sites (Y16, Y17, Y22, and Y33, in addition to the 3 named above). These

studies will be discussed in detail in Chapter 5.
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E. Meteorological Studies at Certain Sites

The fluctuations in the water-vapor content of the earth's atmos-
phere are the principal limitation to the phase stability of an array
such as the VLA. It is, therefore, a useful criterion in the evaluation
of a site. The water-vapor conditions at three of the sites, Y15, Y23,
and Y27, have been studied over a period of 2-1/2 years. The results,
which are described in detail in Chapter 4 of Volume III of the VLA pro-
posal, show that all three sites have acceptable water-vapor conditiomns,

with Y15 being the best by a factor of two. Generally the tests confirm

that high elevation sites in the dry southwestern area of the United States

are desirable.
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Chapter 5

ACCEPTABLE SITES

A. Introduction

The seven sites which were considered to be most suitable for the
VLA (Y15, Y16, Y17, Y22, Y23, Y27, Y33) were examined in detail. The
study of these sites had two primary aims. The first, of course,
was to turn up serious difficulties which might have been overlooked dur-
ing the earlier work. Second, information necessary for the eventual
ranking of the sites in a rational order of preference had to be as-
sembled. Since so many diverse factors must be considered, it was clearly
to our advantage to use the research capabilities and judgment of an
experienced engineering firm. This work was done by Limbaugh Engineers,
Inc. and their report of 1 January 1970 is the basis for most of the
information presented in this chapter.

The scope of work laid out for the engineering study was based
largely on the secondary site selection criteria discussed in Chapter 3.
Certain other relevant items were considered, such as the cost of the
building complex. The major points which Limbaugh Engineers were asked

to study were the following:

(1) Climatic characteristics, including temperature and precipi-
tation statistics, wind data, and information regarding potentially damag-
ing weather phenomena such as thunderstorms, hail, dust storms, and
tornadoes.

(2) Drainage, with particular regard to the possibility of flood-
ing and the measures needed to protect the array from water damage.

(3) Land ownership, and the cost and procedures for site ac-
quisition.

(4) Geological stability, particularly the frequency and severity
of earthquakes.

(5) Developable natural resources in the area of each site, es-

pecially those whose exploitation might affect the enviromment adversely.



(6) Activities near each site which could have a bad effect on the
environment. This includes radio transmitters of any kind, high-density
aeronautical activity, and major highways and rail lines.

(7) Miscellaneous human factors, including site accessibility
to communities of reasonable size; the quality and availability of schools
and medical services in the nearer towns; the availability of adequate
housing within a reasonable distance; the availability of potable water
at the site; the nearest sources of skilled labor for construction; and

the prevailing wage scales.

B. Organization of the Discussion of the Individual Sites

The discussion of each of the seven sites considered in this chapter
is divided into ten sections dealing with different aspects of the problen.

These are the following:

1. General site features

The general site features include the exact location and access to
the site, a general description of the land and vegetation, and the avail-
ability of commercial transportation. Information about the nearer towns
and cities is included to indicate their adequacy for the needs of the
resident scientific and technical staff.

For two of the sites, Y16 and Y33, the only maps available were
USGS quadrangle sheets with a scale of 1:250,000 and a contour-interval
of 200 feet. 1In critical areas where more accurate terrain data were
needed, profiles were prepared using a Wild B-8 plotter with positive

prints of aerial photographs obtained from the U.S. Geological Survey.

2. Climatology

Climatic data for the various sites were obtained from state
climatologists, atmospheric physics laboratories, local weather bureaus,
the Soil Conservation Service, the Bureau of Land Management, the Fed-
eral Aviation Agency, airports, and local private weather stations.

Additional information came from the Environmental Science Services
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Administration, the New York Academy of Sciences, and the Crop Hail In-
surance Actuarial Association. Six major categories were considered:
temperature, precipitation, winds, air pollution, relative humidity, and
sky cover.

The United States Department of Commerce has published comprehen-
sive climatological summaries for the principal cities of the country;
however, the data for the smaller cities and towns are much less complete.
The paucity of data is particularly apparent in the more remote areas of
the West, especially in the parts of Nevada where two of the sites are
located. Temperature and precipitation data exist for most areas, but
systematic information on thunderstorms, fog, wind, and sky cover is
usually unavailable. Data on the frequency and predominant types of cloud
cover were not found for any of the site areas.

It was necessary to estimate the maximum rainfall intensities be-
cause precipitation records have been kept only in terms of total rain-
fall in 24-hour periods. The U.S. Weather Bureau has developed isopluvials
of two-year, six—hour precipitation in some of the areas. The data were
interpreted on the basis of a 50-year storm!. Design criteria formulations,

charts, drafts and technical data available in Design of Small Dams,

Bureau of Reclamation; Rainfall Intensity, Duration, Frequency, U.S.

Weather Bureau; Transactions, American Society of Civil Engineers; Civil

Engineers Handbook, and other sources were applied where needed.

3. Geology and foundation investigation

Surface geological field investigations were made at each of the
sites. The purpose of these studies was to evaluate the stability of the
soil, the magnitude and effect of surface drainage, and the availability
of sand, clay, gravel and aggregate to be used in concrete and for con-

struction. Subsurface soil investigations were carried out at three of

1a 50-year storm is a storm of a severity which is attained only once in

fifty years, on the average.
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the sites (Y15, Y23, and Y27) during the summer of 1966. At the remain-
ing sites, only surface soil investigations were made.

Information on the developable natural resources was obtained from
published information, from state and federal agencies, and from field

investigation.

4. Topography and drainage

The suitability of the terrain for construction of the array at the
various sites ranges from satisfactory to good. Grades in excess of 2
percent occur for short intervals on four of the sites. In general, the
sites are open and flat to gently rolling with gradients of less than
1.5 percent. The drainage design shown on the profile exhibits is planned
to accommodate runoff in the existing channels. The array branches
should not act as dikes to retard, divert, or hold runoff water, although
this will sometimes happen during peak runoff from heavy precipitation.

In developing the drainage requirements for the sites, many factors
which influence the runoff volumes and likelihood of flooding were con-
sidered; these include topography, geology, climate, watershed size and
shape, percolation and infiltration of the soil, altitude, vegetation,
antecedent storms, and base flow and precipitation. Geological Survey
quadrangle sheets, aerial photographs, and state geological maps cover-—
ing the site areas were used in the drainage studies. Precipitation and
flood records were obtained from the U.S. Weather Bureau. The U.S. Geo-
logical Survey Surface Water Division and the Water Resources Division
of the Department of Commerce were consulted, as well as Weather Bureau
climatologists, State Highway drainage engineers, and hydrologists from
various universities. Site visits were made to observe existing surface
conditions and to record the effects of recent floods, if any.

Many formulas have been evolved for estimating runoff volumes. Some
are appropriate for small areas; some for large watersheds; some for
particular conditions; some for only certain parts of the country. These
formulas include a coefficient whose value depends on the nature of the

country in the drainage area. Its numerical value depends on such earth
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surface characteristics as the degree of saturation, compaction, surface
irregularity, slope, subsoil character, and the presence of frost, snow,
or ice. It is an interpretive value which normally is determined by ob-
servation, but it sometimes can be deceptive since proper evaluation re-

quires an extensive and detailed hydrological study for each application.

5. Railway
The railway section permits the mobile antennas to be transported

to different locations on the Wye. The tracks will also carry personnel
and maintenance equipment to the observing stations; this makes access
roads along the branches unnecessary.

The observing stations are on spurs with the centers of the stations
approximately 100 feet from the center line of the main tracks. All
spurs are at right angles to the main tracks. By placing the antenna
stations on spurs, the main tracks are left clear for other vehicular
movement. Antennas can be transferred from one branch to another at the
Wye apex, where the tracks meet to form a railway junction.

The major railway-highway crossings will be accomplished with a
bituminous base course over railway ballast and covered with 2-1/2 inches
of asphaltic concrete surface. Minor railway-road crossings will be
made by normal timber crossing methods. Railway crossings will follow
AREA ! practice and methods.

Railroad-type cattle guards will be used where existing fences
cross the Wye branches.

The design of the railway was based on the following requirements:

(1) Use of standard gauge railroad track, consisting of 90 pound
relayer rails on untreated hardwood, random cut, industry grade ties.
Ties will be at 28-inch spacing, supported by 6 inches of gravel ballast.
Tie plates and joint bars will be used material, with other accessories
being new.

(2) Distance between center lines of double tracks to be 15 feet.

(3) Observation stations to be placed on spur tracks perpendicular

to the main tracks.

1 American Railway Engineering Association
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(4) Trackage to support antennas weighing 225 tons.

(5) Maximum allowable track grade of 2 percent.

(6) Provision for switching of antennas from one branch to another
at the point of intersection.

(7) Antenna movement to be permissible in winds up to 35 mph.

The tracks and ballast sections will be constructed by approved
methods and procedures to meet AREA specifications. The subgrade shall
have a rating CBR-10 or better. Borrow material is expected to be avail-
able within the right-of-way and within free haul distance in most cases.
Gravel will be obtained from the closest sources in order to reduce haul
distance.

The observing stations on the spurs have three foundations--one
for each leg of the radio telescope. One is centered between the tracks,
and the other two are outside of the tracks and straddling them. The
foundations are meant to prevent overturning of the antennas as well as
to support them in a fixed position.

Each station will be enclosed with a 4-foot high open mesh stock
fence. Two 15-foot long gates across the railway tracks will lock to-
gether at the center line when closed.

The foundations for the observing stations will be constructed of
poured-in-place concrete, and will be of the under-reamed bell type.

In most cases, bell bottom concrete footings at a depth of 15 feet will
be used. The shaft will be 4 feet in diameter and the bell bottom will
have a diameter of 8 feet. Three foundations will be constructed at each
spur intersection for use during antenna transfer from the main track.

The staging area provides a location for the field erection of the
antennas, on rails extending from a spur track near the apex, thus per-
mitting access to the Wye. After the array becomes operational, the
staging area will be used for maintenance. The design includes trackage,
a hard stand for crane operation, and assembly and storage areas.

The staging area will cover 24,000 feet?. It will be paved as

follows: hardstand area to have 2-1/2 inches of asphaltic concrete over
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6 inches of gravel base on prepared subgrade; remaining area to have bi-
tuminous double surface treatment over 4 inches of gravel base on pre-
pared subgrade. Material and construction are to meet Asphalt Institute
specifications. The access to the staging area will be by gravel road.
Drainage will be minimal, and existing channels will generally be crossed

by constructing dips.

6. Access roads

The roads serving the VLA site are the entrance road, the access road
to airstrip, and the access road to the Wye apex. The design is based
on the following requirements:

(1) All weather surface.

(2) Forty-five mph speed.

(3) Adequate drainage.

(4) Three hundred feet sight distance.

(5) Seven percent maximum grade.

The entrance road from the main highway to the building complex will
have a wearing course of asphaltic concrete on a 6-inch gravel base. The
roadway will be 24 feet wide with shoulders 2 feet wide. It is designed
for the traffic classification designated '"light'", on the basis of the
expected average daily number of equivalent 18,000-pound single axle load
applications. Mix design criteria, specifications, and construction
methods are MS-2 and SS-1 from the Asphalt Institute. The other access

roads differ from the entrance road only in width.

7. Airstrip

The airstrip is to be classified as a Basic Utility Airport, meet-
ing the FAA design criteria, Stage 11B. This is suitable for about 95
percent of the general aviation fleet.

Each end of the airstrip has a 1000-foot clear zone to provide for
a 20:1 glide approach. A 30-foot wide paved taxiway and a 150-foot by
200-foot paved apron are to be located at one end of the airstrip. The

runway, taxiway, and apron will be surfaced with bituminous triple surface
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treatment on a granular base. The paved areas can accommodate a 15,000
pound wheel loading, equivalent to a DC-3 class aircraft. The airstrip
will be equipped with a wind cone. It will be reached by a paved ac-

cess road.

8. Water supply

The water supply will be a "High Pressure Storage' system composed
of a well, elevated storage tank, chlorinator, and softener. Water sup-
ply requirements for the VLA sites are based on 5000 gallons per day
potable water and 50,000 gallons reserve for fire. Investigation of ex-
isting wells on each of the sites indicates that this quantity probably
is obtainable in each area. The sites generally are situated in al-
luvium-filled valleys where the alluvial material serves as the aquifer.
The quality of the water at the seven sites varies from satisfactory to
marginal. Limits for fluoride, chloride, sulfate and total dissolved
solids may exceed the U.S. Public Health Service standards at a few of
the sites. There is insufficient information to give a firm indication

of the water quantity and quality in some of the areas.

9. Utilities

The utility companies that would supply power to the sites were
contacted to determine the availability and reliability of electric power.

This study was based on a normal load of 800 kW with a 90 percent
load factor utilization. Demand load is considered as 1600 kW. The
buildings will be heated electrically. This will eliminate the need for
a natural or bottled gas supply source.

A completely automatic 500 kW diesel or turbine driven emergency
generator set is to be installed as stand-by equipment. This unit will
be complete with the necessary cleaners, filters, indicators, instrument
panel, fuel tanks, lines and pumps, coolant system, shut-off safety de-
vices, governor, 32-V automatic starting system and batteries, control

panel for the generator and 800 A automatic transfer switch.



Electrical service to the observing stations will be supplied by
overhead lines from an outdoor transformer supplied by the utility com-
pany. The outdoor transformer will have the following secondary character-
istics: 2300 V, 3-phase, 3-wire, 60 Hz. The secondary side of the trans-
former will serve the 2300 V switch gear which in turn will distribute
power to the overhead lines. At each observing station, there will be
a 3-phase primary fused switch transformer and panel board which will

drop the voltage to 277/480 V.

10. Real estate

A number of basic assumptions are made concerning the land acquisition
necessary for the VLA. A strip 200 yards wide is needed for the full
length of each of the three branches, or a total distance of 39 miles.

This averages 72.7 acres per mile, so a total of 2835 acres is required
for the Wye branches. The building complex area, access road to the site,
staging area, sewage treatment areas and landing strip will require an
additional 55 to 225 acres, depending on the site. Consideration of the
total area required is included in the land acquisition costs.

Of the seven sites discussed in the present chapter, five are mostly
on publicly owned land (state or federal), with some privately owned
tracts. Public land can be acquired by administrative transfer upon pay-
ment of compensation to the present leaseholders. Other procedures are
required in the case of land owned by Indian tribes or private individuals.

Land acquisition from private owners for such a facility is normally
accomplished by one or more of the following methods:

(1) Perpetual easement. A lump sum, one time payment. It gives

right to use but not to title. Usually 75 to 90 percent of the purchase
price. Amount is based on the value of land taken, plus damages to the
surrounding land.

(2) Term vyear leases. These are from 5 to 50 years with annual

payments, renewable at the option of the lessee.

(3) Open end lease. Normally costs more than the term lease.
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(4) Purchase outright. This is the fee approach whereby the land

is valued, with damages to surrounding land taken into account, and then
purchased.

(5) Co-use agreement. This has been used when the surface of the

land is not permanently changed, as for missile ranges, drop areas, etc.,
and when the Government only needs to use the land on specific days. It

would not apply in the case of the VLA.

It is assumed that the land will not be fenced except for small
areas at the observing stations, and perhaps the building complex. It
is also assumed that where fences are crossed by the array branches,
gates or livestock guards will be installed.

The current land utilization is predominantly livestock grazing at
all of the sites. Sales of grazing land are usually in large blocks of
land at a price per acre which includes all improvements and all leased
lands or grazing rights within the unit and are usually between a willing
seller and a willing buyer with no severance or other damages being in-
volved in the transaction. The taking of small parcels from a larger
tract for a special use, such as the VLA will require, generally dis-
rupts the normal operation of the parent tract, interrupts and complicates
the continuity of its title, usually creates a nuisance, and in some
cases causes a severance damage. In some instances a change in oper-
ation of the parent unit is made necessary as a result of the atquisition
of the smaller parcel. For these reasons, the acquisition of such small
or irregularly shaped and erratically located parcels generally costs
more per acre than larger plots of land. As a general rule, acquisition
of the right-of-way for highways and utility lines costs from two to
four times the unit price for normal ranch sales or leases.

There are many advantages to purchasing the land outright instead
of leasing. By purchasing, all recurring costs associated with leasing
are avoided. However, the Papago Indian Reservation lands of Site Y23
would have to be leased, as that is the only method of obtaining use of

Indian lands. The lands on Site Y27 apparently would also have to be leased.
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The National Science Foundation has the right of eminent domain.
However, it is believed that the required land can be obtained without

litigation, except in the case of Y27.
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C. Site Y15 (New Mexico)

This site is in Socorro and Catron Counties, in the eastern end of
the Plains of San Augustinl. Its center is approximately 22 miles west
of the town of Magdalena, a little over a mile south of U.S. Highway 60.
The geographical coordinates of the center are 34° 04!7 N, 107° 37!1 W;
the elevation at the center is 6960 feet above mean sea level. The branches
extend from the center on true azimuths of 355°, 115°, and 235°. A map
of the site area is given in Fig. 5-1, and profiles along the three branches

are shown in Figs. 5-2, 5-3, and 5-4.

1. General site features

The terrain at Y15 is gently rolling, in a broad southwesterly trend-
ing valley. The elevation of the valley floor averages about 7000 feet.
Many of the mountain peaks surrounding the basin attain elevations over
9500 feet. These mountains are all in national forests (Cibola, Gila,
and Apache).

A low altitude federal airway (V264-1905) passes near the site, ap-
proximately 2 miles north of the end of the northern branch of the Wye.

There are no railroads in the site area, but the northern branch
of the Wye would cross U.S. Highway 60 approximately 2 miles from the
apex. The older and now abandoned route of U.S. Highway 60 would be
crossed by both the southeastern and southwestern branches of the Wye.

The Nevada Test Site of the Atomic Energy Commission is about 500
miles northwest, and there are no military or defense activities closer
than the White Sands Missile Range, which lies about 60 miles southeast
of the site.

Electrical transmission lines cross all three branches of the Wye,
at a total of six locations. The line voltages for these transmission
lines vary from 14.4 kV to 24.9 kV.

The old alignment of U.S. Highway 60 is just south of the apex and
can be used for an access road, as can State Highway 78 which runs gen-
erally north-south about 2 miles east of the apex. U.S. Highway 60 is a

two-lane road that runs generally east-west across the Plains of

1 Also known as the San Augustine Plains. Several spelling conventions
are encountered in various publications.



U yoroW our] Yo/oW
50
- - RoO
lelusl \911=&
QQQ ./\/ \s.
%
- P
Py g:
N .
<
. N\ . |~
T = % \
// N
A\
.@
- /...
- 'S
[ AY

Z

-l 7
i q SN
Af Lﬂﬁ X
§ ,m.u./.ms
- Q

V4

A
o017 YA
. ..
k!\lﬂ [~
26 # WN | poy popai9
<\
L)
\
\ Y N
¥ Road. <\
it} 8
202
S. 0 -
=\ % 7
wR 4
3% 3
° L)
©
b b
) v
‘0//
°° N
g AN S~ g
% -
//
- -~
A “%%
...1
) S
Ve ‘06
°Q///
QL#NN]| MH @
-
ine
( e
pos®=~
|
P
X
~
wwo) oty ST AN

7050
|

-2

7050
Fig. 5

1
I

300400

2

SITE Y-/5 (NEW MEXICO)
—

W
1

660

|

670

25

660

&

650

Uy

220

SRS =S T= ==

630 640

0 210

620

175 |

600100 6/0

+
N[

3300 340 350 o 380 | 340 | 390 4oa+00 40— 40— — A0 60—

H

SSEE

ol

20

!!qF:====:——-=!!:=Jk=

02+00

7050




§ //
S
S \ % 3 g
Y : Z / o/
. 2 Xe S 55°00'W i &/ 3
A 7 <
A\ \'%' '/ O
3 R & §
o
2 2
3 S 55°00'W 5
<
$ 3
s §
®
5 S 55°00'W ,
|4 '
§ Pond
S
I
3
0400 K 17) * 5 Q0 00+ 0 20 50 /60 (70 0 190 2/0 220 2. 2 % X 2m 280 300400
1= = TEXIPTL y
~ N 7FF. DIGRATE
000 53 — = | : 000
~3 I : — o~
i - % E% . V|
J 1 g q F
950 : i 5 3 . ¥ = ] ‘ ) T 6950
ﬁ § E * : i 1 é 1 §
5 » ' N = = X
(. A; ﬁ -~
%— e f /
l6gs0 & T — = == 6950
.3 g & % B =
£ : : § % S §—
6900 i 3 3 3 o3 N 3 6900
33730 — 30— 395 — 0200 == = = 58050 ——%E%_ﬁt
o EXIS FINISHEL GRADEL;
900 S ? St
3 S :
= % 53
i * =
600700 610 620 630 640 650 660 670 660 <ir vis (mew MEXICO) 1

1



.-h—

§
©
. ¢ .
N \ 3
EN Y
o 3 N 05°00' W S
N $
I
\o ! —
3 \X, ! ndl l e
N \ N_05°00' W RS
P KN ! @06// s
§l AN g N4 §
~ o
§ |
"' / Ory Lake \
5 N 05°00' W -
3 / \
3
0400 30 40 4 & 0] .9£ 100+00 [0 20 50 160 y/740] 190 2/0 220 2 24 2 27 __ 290 02+00
7000 3 = — = 7009
E ¥ £ y = } 7 117 +— — — = =
— — i 1 I — — i m— S =
6950 f Y < = % .. e 5 69.
% 3 3 3 3 3
% ‘gﬁ
S '
— A S FANIST =3 —
7000, : z ' - = : —— === z
‘ 3 . 3 3 5 = =
90 ) 1 % == % S = 3 = 69
3 30 350 340 godro0 A0 | 40 | 460 | = E= == = 7=
U i — RE z’ja—_ - o -
< ; < N
: i
600+00 6/0 620 630 640 650 660 670 680 o/ v- /5 (NEW MEXICO)

= " g, 54



5-13

San Augustin from Datil, on the western edge of the Plains, to Magdalena
and thence to Socorro in the Rio Grande Valley.

Datil, roughly 12 miles west of the site center, has a population
of less than 100 and, as might be expected, has minimum facilities.

Magdalena, 22 miles to the east, has a population of 1500. There
is an Indian school there, and a district office of the U.S. Forest
Service. There are two reasonably modern motels and restaurants in
Magdalena. A public school system serves Magdalena and the surrounding
area. There are no resident physicians or medical facilities.

Socorro, the nearest town of any size, is located about 50 miles
east of the site at the junction of U.S. Highway 60 and Interstate High-
way 25. It has a population of 6000 and an economic background of cat-
tle raising and mining.

The Atchison, Topeka and Santa Fe Railway provides freight service
to Socorro on the line connecting Albuquerque and E1 Paso. Socorro is
also the switchpoint for a branch line which runs to Magdalena, thus
providing rail service 22 miles from the center of the site.

Socorro is on the Chicago-El Paso route of the Continental Trail-
ways Bus Line. There is a municipal airport with lights for night op-
eration. The nearest commercial airline service is 75 miles to the north
at Albuquerque, which is served by TWA, Continental, Frontier, and
Texas International Airlines.

Socorro is also the home of the New Mexico Institute of Mining and
Technology, which offers bachelors' degrees in all of the basic sciences
as well as masters' and Ph.D. programs in several fields. The Institute
is basically a research center for metallurgy, geology, atmospheric
physics, ground water hydrology, and for many other phases of the broad
field of earth sciences.

Socorro has three public grade schools, one parochial grade school,
one junior high school and one high school. There are over 2000 students
enrolled in the public school system. The high school is accredited

by the North Central Association.
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Since Socorro is a junction point of major highways, there is a
good selection of motels and restaurants for a town of its size. It
has a mayor-council type of government, with the mayor elected every
two years and the councilmen serving staggered four-year terms.

There are four medical doctors, three osteopaths, one dentist, and
one optometrist as well as a modern county hospital with 46 beds. The
county office of the State Health Department is located in Socorro. The
town has a normal complement of churches, service clubs, banking fa-
cilities, and businesses. Recreation in the area is generally of the
outdoor type and includes golfing, hunting, and fishing.

A surplus of unskilled labor exists in the Socorro area, but prob-
ably a large part of the skilled labor required for construction and
operation of the array would be drawn from other communities up and down
the Rio Grande Valley. As a wage scale indication, base wage rates for

skilled construction workers in the Socorro area are $6.35 per hour.

2. Climatology

The average daily maximum temperature is 72° F and the average
daily minimum temperature is 31° F. The highest recorded temperature
is 104° F, and the lowest is -22° F. The annual mean temperature is
52.5° F.

The average annual precipitation is 12 inches; the daily and
monthly maxima recorded in a four-year period are 2.25 inch€s and 4.66
inches, respectively. The relative humidity averages 53 percent. The
sun shines approximately 70 percent of the time possible. One tornado
has been recorded since 1860; this occurred in 1929 somewhat south of
the site. Dust storms are infrequent and not severe, and no hail has
been recorded in the last 16 years. The prevailing wind is from the west,
with an average velocity of 9.6 miles per hour. Maximum 50-year wind
expectancy is 77 mph.

There is a fairly high incidence of thunderstorms in the area,

with an average of 45 in the summer and 35 in the winter. Because of
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the high rate of activity, the Langmuir Laboratory for Atmospheric Physics
has been located in the mountains east of the Y15 site for thunderstorm

and lightning research.

3. Geology and foundation investigation

Geologically, the region is a southwesterly trending valley probably
formed by erosion cutting deeply into volcanic rocks of the Datil for-
mation. The valley floor lies at an average elevation of about 7000 feet.
Bordering the valley on the northwest and northeast are the Datil and
Gallinas Mountains, which have peaks reaching elevations of 9500 feet.

To the south and southwest the boundary is formed by the Luera and

San Mateo Mountains, which reach as high as 10,000 feet. The southeastern
branch of the Wye extends out of the San Augustine Plains and into an

area of moderately dissected terrace deposits within the Mulligan Gulch
drainage system.

No significant faulting is known to occur in the San Augustine Plain,
but the thick alluvial cover- may mask some faulting. Two small intrusive
rock units occur about six miles west of Augustine. The scarcity of
such intrusive bodies, in view of their abundance in other sections of
southern and central New Mexico, suggests that the area is a reasonably
stable omne. _

Nearly all of the strong earthquakes in New Mexico and a majority
of the weaker ones have occurred along the Rio Grande Valley between
Albuquerque and Socorro (Northrup 1961). The most active area lies just
west of Socorro where two or three micro-earthquakes are recorded each
day (Sanford 1963). The Magdalena area is more stable.

Four damaging earthquakes with an intensity of seven or greater
(on an increasing scale from 1 to 12) have occurred in Socorro, although
the last was in 1906. Since instrumentation of the central New Mexico
area was completed in 1962, the strongest tremor in the area was a 2.9
on the Richter intensity scale (recorded in 1963). It is believed that
the maximum ground acceleration experienced in the Magdalena area has

been only about 3 cm/s? or 0.003 g (Sanford, written communication).
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Unconsolidated Quaternary terrace and alluvial material underlie
the entire site. The surrounding mountains are made up of crudely strati-
fied beds of rhyolite and latite tuffs, flows and breccia, which are
overlain in scattered localities by Quaternary basalt and basaltic ande-
site flows. The Tertiary volcanic units appear to have been the source
of most of the Quaternary and Recent sand and gravel deposits.

Because of lack of drainage, a lake developed in Quaternary time,
filling most of the present plains area. The lower sand and gravel
benches probably formed while the lake surface was high and were later
partly dissected as the lake level dropped to the stage where it covered
only the lower portions of the valley. The floor of the lower lake, which
includes the site center, is underlain by high plasticity, impervious
clays.

As the region became more arid and the lake shrank, the sands on
the shorelines around the lake were formed into dunes. These sands have
been widely distributed and now cover most of the lower elevations of
the basin to a depth ranging from a few inches to over 10 feet.

The surface sand deposits at the site generally occur in the form
of dunes composed of very fine to silty sand that is poorly graded. This
type of sand would not be satisfactory for use in concrete mixtures.

A highway borrow pit about one-half mile north of U.S. Highway 60
and just west of the Catron-Socorro County line contains a 1a}ge stock-
pile of well graded sand of up to medium grain size. This material was
screened from the surficial deposits in an old stream channel, suggest-
ing that sand could be obtained also in other areas where the sands
have been concentrated and washed by the action of ancient streams.

Fine grained, silty gravel deposits cover most of the San Augustine
Plains. This gravel would be satisfactory for embankment material, but
it ranges from fairly satisfactory to unsatisfactory for use as base
course or aggregate. Generally this material contains up to 15 percent
silty fines and a maximum of 20 percent fine gravel. The gravel size

usually is less than 1 inch.
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Two borrow pits have been developed in the area adjacent to the
Catron-Socorro County line and north of U.S. Highway 60. Deposits in
these areas contain less than 10 percent fines and up to 50 percent
gravel; however, the average gravel size is less than 2 inches and the
pebbles are fairly well rounded. As mentioned above, these deposits
probably have been more actively washed and sorted by ancient stream
action than the average surficial material.

Surface evidence indicates fairly good concentrations of gravel
similar to those mentioned above at selected locations in the lgw hills
just west of the midpoint of the southwestern branch of Y15.

The best gravel sources would be from outcrops of the Gila Con-
glomerate. These occur along U.S. Highway 60, a short distance east of
the site, and also at a shallow depth beneath the surficial deposits
near the end of the southeastern branch. In most of the exposures, the
gravel fraction is over 60 percent. The gravel is well graded up to
about 3 inches and the maximum size is about 14 inches. These pebbles
and cobbles are subrounded to subangular and should be satisfactory to
crush for use as aggregate. The matrix is composed of fairly clean,
angular sand which is rather tightly cemented with calcium carbonate.

The nearest commercial source of aggregate is at Socorro, a dis-
tance of approximately 50 miles. Local sources of rock will have to be
chosen with care, as flow banded rhyolite or tuff composes a large per-
centage of the hard rock outcrops in the region. Both of these rock types
probably would be unsuitable for crushing to obtain aggregate.

Rock suitable for crushing is available at three locations. The
best and most centrally located deposit is a dark gray, andesitic vol-
canic rock which is dense and very hard. It occurs just north of U.S.
Highway 60 at the eastern edge of the plains. The rock is rather massive-
ly bedded, but it is quite well fractured so that material suitable for
crushing should be readily available, even though blasting will be re-
quired. The over-burden is negligible, and the surface outcrops suggest
that the deposit could be expected to yield more than 200,000 cubic yards

of rock.
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A source of high-plasticity clay was found about 1.5 miles south-
west of the apex. The obvious extent of the deposit is an area about
150 feet by 400 feet and 2 feet or more in thickness. It is believed that
similar deposits probably underlie much of the low ground near the apex.

In summary, all of the needed mineral construction materials can
be obtained within a 15-mile radius of the Y15 apex. Test drilling and
laboratory testing will be necessary in order to ascertain the extent of
the usable deposits and the quality of the material for various applications.

Ten test borings were performed along the three branches of the
Wye at places where it was felt that a representative sampling could be
obtained. A visual inspection was also made of each branch.

Along the northern branch the soil is composed of silty sand and
sandy silt with intercalated high plasticity clayey lenses. Near the apex,
the surface material consists of clay covered by windblown silt and sand.
Hummocky sand dune terrain prevails from just south of U.S. Highway 60
for about three miles to the north. In places, these sands are moderately
loose and may be as much as 10 feet in thickness. Except near the apex,
the sediments underlying the northern branch contain from 5 to 20 per-
cent fine gravel. The sieve analyses from the test borings indicate a
maximum gravel content of 9 percent in the samples tested; however, those
results do not appear to be typical of the majority of the surface material.
Using a 100 pound hammer with a 30 inch drop, the penetration resistance
tests showed a blow count per foot of from 4 to 39 at a depth of 2 feet,

6 to 41 at 5 feet, and 17 to 62 at 10 feet with refusal in one hole.
The rather wide variation was a result of the varied types of material
and changes in density. 1In all four holes, a blow count of 20 or more
was attained consistently below 12 feet.

Soils along the first 9 miles of the southeastern branch are
composed of sandy silt and silty sand with varying amounts of gravel up
to 25 percent. The remainder of the branch crosses an area where de-
tritus has been washed down from the adjacent mountain slopes, causing the

soil to contain more clay as well as an abundance of small, angular rock
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fragments. The penetration resistance tests showed a blow count per foot
of from 20 to 39 at a depth of 2 feet, from 7 to 14 at 5 feet, and from
35 to 50 at 10 feet. A consistent blow count of 20 or more was attained
in the three holes at depths ranging from 7 to 10 feet.

Along the southwestern branch, fine—grained sand and silty sand
are the most prevalent soil constituents, but locally the branch crosses
low ridges that are underlain by gravel. Windblown sand masks the soil
along much of the distance; however, the sand has not been formed into
well developed dunes and probably the deposits are not thick. The pene-
tration resistance tests showed a blow count per. foot of from 9 to 14 at
a depth of 2 feet, 1 to 33 at 5 feet, and 70 at 10 feet, with refusal in
two holes.

No difficulty should be encountered in the excavation of the al-
luvium, and this material should be satisfactory for embankments when
properly compacted. The high degree of compressibility of some of the
samples tested indicates the need for special attention to compaction,
particularly in low areas subject to ponding.

The bearing capacity determinations indicate that the placement of
footings could be a problem at shallow depths because of the critical
deflection requirement. This problem can be circumvented if the footings
are placed deeper. A careful soil test drilling program must be under-
taken in order to avoid locating footings in zones of low bearing capacity,
for the penetration resistance tests indicate a wide range of values,
including some that are quite low. The compréssibility factor of the
soils under saturated conditions should also be given careful consider-
ation.

One deep 0il well was drilled a short distance from the end of the
southwestern branch of the Wye. The test proved to be dry and was aban-
doned. The future petroleum potential of the San Augustine Plains is
poor. There are several areas of possible uranium activity in the sur-
rounding mountains, but none is directly adjacent to the site. At pre-

sent, there are no active mining operations in the area.



4., Topography and drainage

The vegetation on the Y15 site consists primarily of sparse stands
of low grama grass. The density of the grass is somewhat greater in the
bottom lands where the water is retained more effectively. In most places
the grass cover is sufficiently dense to prevent the sand and dust from
blowing except during the strongest winds. In the areas of windblown
sand, there are scattered growths of small sagebrush intermixed with very
sparse grass.

The northern branch has almost a flat grade, rising only 50 feet in
the first 62,000 feet. ©North Lake begins at station 620400 and runs to
station 680+00. Here the branch will be on a 15 foot fill to accommodate
any ponding which may occur in the normally dry lake bed. The area from
station 680+00 to 686+40 is the only place requiring protection from run-
off (from the Gallinas Mountains, the flow running southward along the
western side of the branch). The drainage requirements on this branch are:
thirty-three 24-inch diameter and two 48-inch diameter pipe culverts.

The southeastern branch is crossed by the drainage flow from Mount
Withington on the south. The gradient from the apex of the Wye to station
530+00 is consistent and relatively flat with no major drainage structures
needed. From station 5304+00 to station 552400, the branch rises 40 feet
crossing a saddle between two hills; it then drops 90 feet to station
686+40. This section has numerous washes and gullies which enter from
the mountains on both sides of the branch. The drainage flow from station
600+00 to station 686+40 is in the same general direction as the branch,
eventually emptying into Mulligan Gulch. Some realignment of this part
of the branch will improve the gradient and reduce the drainage demand.

The drainage requirements on this branch are: twenty 24-inch
diameter, thirteen 30-inch diameter, eleven 36-inch diameter, nine 42-
inch diameter, eight 48-inch diameter, two 54-inch diameter, four 60-inch
diameter, and two 78-inch diameter pipe culverts.

The southwestern branch crosses the normal drainage lines from

Mount Withington and has a low gradient for practically its entire length.
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The drainage demands are light except where sheet flooding enters from the
hills on the northern side, in the stretch from station 650+00 to 686+40. No
major drainage structures are necessary. The drainage requirements on the
branch are: twenty-four 24-inch diameter, six 30-inch diameter, three
36-inch diameter, nine 42-inch diameter, and eight 48-inch diameter pipe
culverts.

Riprap will be used at a wash area on the southeastern branch where

erosion protection will be required.

5. Railway
The top 6 inches will have to be stripped from the ground surface

in order to remove existing vegetation prior to emplacing the embankment

material.

6. Access road
The total length of all access roads for Y15 is 3700 feet. The en-
trance road from the highway is 500 feet long. The access road from the

building complex to the staging area will be 500 feet long.

7. Airstrip
The airstrip will run approximately east and west to face the pre-

vailing wind. It will be 150 feet wide with a paved runway 75 feet wide
and 5200 feet long. The length of the runway is determined by the al-
titude (6900 feet above sea level) and the mean maximum temperature (85°F).
Drainage is provided by six 36-inch diameter and three 48-inch diameter

pipe culverts.

8. Water supply

The source of the water supply is an underground aquifer which will
be tapped by a 10-inch diameter well, cased to 8 inches. Delivery of
the water will be by an electric, submersible, centrifugal pump in the
well. The pumped water is conveyed by pipe to an elevated 65,000-gallon
storage tank. This tank will contain a three-day domestic supply, and

50,000 gallons of water for fire delivered at 400 gallons per minute for
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a two-hour duration. Distribution from the storage tank is by gravity
through a chlorinator and zeolite filter prior to consumption at the
building complex.

The aquifer underlying the San Augustin Plains is not too well
defined, but it appears that water will be encountered at depths of 50 to
100 feet. Wells from 75 feet to 250 feet deep should provide an ade-
quate supply of water to meet the site demand. The well water should be

potable with hardness (CaCO3) in the neighborhood of 90 ppm.

9. Utilities

Electric power in the general vicinity of the site is supplied by
the Socorro Electric Cooperative, Inc.

The Cooperative has a 69 kV circuit with overhead static protection
from Socorro into Magdalena, New Mexico. This line has a very high grade
of continuity. From the transformer station in Magdalena, a 25 kV cir-
cuit runs westerly and passes adjacent to the proposed building complex.
This circuit serves about 600 miles of distribution lines from its source
in Magdalena all the way to the Arizona state line. The main circuit
has static protection but the feeders are connected through oil circuit
reclosers. This provides a reliable service that has proven quite sat-
isfactory for the existing users but may lack the absolute continuity
required for the VLA. Socorro Electric Cooperative will also have a
69 kV line running past the site by 1974.

The existing 25 kV circuit is capable of supplying the normal op-
erating requirements of 800 kW and possible surge to 1600 kW without
excessive voltage drop. The budget estimate included as a portion of
this study assumes the existing 25 kV circuit will be adequate and that
no financial contribution will be required.

Telephone service in the general vicinity of the site is supplied
by the Mountain States Telephone & Telegraph Company, which is a part of
the Bell System. They will provide service for the VLA facility with

no financial participation by AUI.
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10. Real estate

The land is utilized for cattle grazing and is estimated to carry
from 10 to 12 head per section. Waterings are by windmills and steel tanks,
with occasional surface tanks.

The northern branch of the Wye is within the boundary of a ranch
belonging to Jay Taylor. Most of the land affected is owned by the State
of New Mexico and controlled by the Land Commissioner in the New Mexico
State Land Office, Santa Fe, New Mexico. Two of the sections crossed by
this branch are privately owned by Jay Taylor.

The southeastern branch crosses a portion of the Michael Harriet
ranch, the Magdalena Stock Driveway (which is controlled by the Bureau
of Land Management), a portion of the Thomas R. James Ranch, the north-
easterly corner of the B. E. Walker Ranch, and the westerly portion of
the Malcolm S. Major Ranch.

The southwestern branch crossesbthe eastern end of the W. W. Benton
Ranch, the Magdalena Stock Driveway, the northwest corner of the Michael
Harriet White Lake Allotment Ranch and across the northwesterly corner
of the Marvin Ake C. N. Ranch. All of the land crossed by this branch
is owned by the State of New Mexico, except for one small, privately owned
tract of the Marvin Ake Ranch near the outer end.

It is understood that land controlled by the Bureau of Land Manage-
ment, when desired by another governmental agency, can be acquired by
an administrative transfer without cost.

New Mexico state land controlled by the Land Commissioner is leased
for grazing purposes at various rates depending on the carrying capacity
of the land. It is estimated that state lands for grazing purposes in
this area would lease for approximately 10 cents per acre per year.

Leases of land between individuals for grazing purposes cost about
50 cents per acre per year in the area of Y15. Taking into consider-
ation the type of proposed facility and the consequent interruption
of normal cattle operations, it is estimated that a strip 600 feet wide

through these ranches could be leased for approximately 75 cents
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(75¢) per acre per year, or $51.65 per mile per year, which would pay for
the land actually leased and for damage to the adjacent lands by reason

of the construction.

Value conclusions

Private land

827 acres @ $50 = $41,350.00
State land
687 acres @ $12.50 (compensation to
lessee) = $ 8,587.50
State land
543 acres @ $8.35 (compensation to
lessee) = S 4,534.05
BLM!land
517 acres @ $12.50 = $ 6,462.50
BLM land
355 acres @ $8.35 = $ 2,964.25
State land
1230 acres @ $10 (compensation to
state) = $13,904.00
TOTAL $76,198.30

CALLED $77,000.00

! Bureau of Land Management
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D. Site Y16 (Utah)

This site is in Millard County, in an area known as the Black Rock
Desert. The center is approximately 22 miles south of the town of Delta;
its geographical coordinates are 39°02!4 N, 112°40!8 W and its elevation
is 4630 feet above mean sea level. The branches extend from this point
on true azimuths of 66°, 186°, and 306°. A map of the site area is given

in Fig. 5-5, and branch profiles are shown in Figs. 5-6, 5-7, and 5-8.

1. General site features

The site is in a broad, northerly trending, alluvium-filled valley
bounded by the House Range on the west and the Pavant Range on the east.
Local geologic features such as the Cricket Mountains and the lava flows
adjacent to Pavant Butte form more localized boundaries of the area known
as Black Rock Desert. The terrain varies from quite flat to gently roll-
ing except along the northeastern branch, where slopes along the lava
ridge are moderately steep.

This site lies directly under low altitude airways V21 and V257.
The Union Pacific Railroad (single track) intersects the northwestern
branch of the Wye at a point approximately 5 miles from the apex. A total
of 16 trains daily operate along this section of track. State Highway
257, which is directly adjacent to the railroad, intersects the north-
western branch of the Wye at approximately the same point.

Two utility lines cross the northwestern branch. A telephone line
of the Mountain States Telephone and Telegraph Company intersects the
branch at a point approximately one mile from the apex and a 46 kV elec-
tric line crosses about 4 miles from the apex.

The site is approximately 35 miles from Delta, Utah by State High-
way 257. This is a paved two-lane road that follows the alignment of
the Union Pacific Railroad southward from Deseret, Utah.

Delta is predominantly an agriculture community with a population
of 2000. The town has two physicians, one dentist, and a 34-bed hospital
(built in 1963 and valued at $500,000). The hospital is being enlarged

to accommodate administrative and record facilities. There are five
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motels and three restaurants in the town. Neither bus nor railroad pass-
enger service is available, but there is a local aircraft charter ser-
vice at the Delta Airport. Dixie Airlines has commercial service to and
from Salt Lake City with one flight per day.

The town of Delta has had an average growth increase of 3 percent
over the past eight years, with most of this coming in the last two years,
due mainly to a beryllium mine 45 miles to the northwest. It does not
appear that the town could absorb even a modest increase since the number
of available houses and apartments is extremely limited.

Fillmoré, Utah is located approximately 20 miles east of the proposed
site on U.S. Highway 91. This town is an agricultural community with a
population of 1650. It has five motels and four restaurants.

The Union Pacific Railroad, which runs through Fillmore, has only
freight service. Passenger transportation service is provided by two
interstate bus companies with six buses each way daily. The airport has
a paved runway and is equipped with fueling facilities and night landing
lights.

Fillmore has a modern 42-bed hospital owned by the Church of the
Latter Day Saints. There are two physicians and one dentist in resi-
dence in the town. Fillmore is without industry and has shown little
growth in the last decade. The stability of the population has resulted
in very little new housing construction, and consequently there are very
few housing units available.

The school system for Millard County includes both Delta and
Fillmore, with administrative offices in Delta. There is a high school
in each town and both are accredited by the Northwest Accrediting As-
sociation. The student-teacher ratio is 27.

In the site area, construction workers' wages would be $6.05 per
hour plus subsistance; electricians' wages are $7.20 per hour.

The nearest commercial air facilities, other than Dixie Airlines
out of Delta, are at Salt Lake City, 160 miles north of Y16. The
Salt Lake City airport is served by United, Frontier, Western and Air

West Airlines.
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In the immediate area of the site there is camping, fishing, hiking,
and skiing. Hunting in the area includes elk, deer, antelope, mountain
lion, ducks, geese, quail, and pheasants. Within a day's drive of the
site are the scenic attractions of Lake Powell, Canyon Lands National Park,
Zion National Park, Bryce National Park, and Cedar Breaks National

Monument.

2. Climatology

Climatic information was obtained from the Clear Lake Wildlife Refuge
weather station, which is just north of the site center, the U.S. Weather
Bureau, the Salt Lake City Weather Bureau, and the state climatologist
at Logan, Utah. The average daily maximum temperature is 73.02° F, and
the average daily minimum temperature is 38.25° F. The highest recorded
temperature was 101° F and the lowest was -32° F.

The average yearly precipitation is 8.41 inches, with 11.33 inches
being the greatest annual amount on record. The greatest monthly pre-
cipitation on record is 2.88 inches. The mean yearly snowfall is 23.08
inches, with 14.2 inches as the record maximum single snowfall. The
annual mean relative humidity is 55 percent. The sunshine throughout the
year is 69 percent of the total possible. Two tornados have been re-
corded in Millard County over a period of 18 years. While data on dust
days are lacking, it is known that the dust occurrence can be considered
"heavy'". Hail is infrequent, with maximum size up to a half inch. The
prevailing wind direction is from the southwest, and the estimated average
hourly speed for the year is 10.4 miles per hour. The maximum wind ex-
pectancy is estimated to be 90 miles per hour in a 50-year period. Thunder-

storms occur an average of 35 times per year.

3. Geology and foundation investigation

The site is in the southeastern part of the Sevier Desert, in a part
locally termed the Black Rock Desert because of the extensive basalt
flows that form the eastern boundary of the area. Geologically, the re-
gion is a structural basin formed by the upward faulting of the Pavant

Range on the east and the House Range on the west. The Cricket Mountains
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on the western side of the site are a local bedrock feature within the
basin, probably caused by a north-south fault located a short distance
west of the Union Pacific Railroad.

The fault systems that created the Sevier Desert basin probably
date back to the beginning of Tertiary time. The only known earth frac-
ture that has occurred in the region in historic times was in the Hansel
Valley of northwestern Utah in 1934. At least two small earth fractures
occur in the site area, one near the end of the northeastern branch in
the volcanic rock and the other near the end of the southern Wye branch
in the lake bed sediments. On the basis of very limited information,
it would appear that these fractures, although they have occurred in
relatively recent geologic time, are only minor earth adjustments prob-
ably due to a consolidation and shrinking of the lake beds following the
retreat of the lake waters from the Sevier Desert.

The region as a whole is moderately active seismically. From 1850
to 1965 there have been at least 609 earthquakes in Utah, 38 of which
could be termed damaging (Cook and Smith 1967). From 1950 to 1965 there
have been 13 damaging earth tremors. Since the first recording equip-
ment was installed at the University of Utah in 1909, there have been 21
earthquakes with epicenters located within Millard County. Centered
chiefly along the eastern border of the county, they had an average
magnitude of about 3.5 on fhe Richter scale, but tremors with intensities
up to 6.9 have bee<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>