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ABSTRACT

Observing stations at elevations in excess of 4theters are rare. This report discusses
the efforts to sustain and preserve one suchrsiteei Rocky Mountains of Colorado, in
North America. The long-term value of such sitas be measured in terms of their
optical and infrared characteristics, as well &srthbility to inspire astronomers and
students to study the universe. The sustainalofithis site is yet to be determined.

INTRODUCTION

Historically, the placement of telescopes atogslathd mountains improved the access to
as much sky as possible. Since the days of Getaie advantages of higher sites for
reasons beyond panoramic views have emerged, inglsdeing and transparency,
especially at near- and non-optical wavelengths.

Colorado, in North America, is blessed with numearpaaks in excess of 4,000 meters
elevation. Hale himself site tested Pikes Pedl8®v, but unfortunately sampled the site
during the height of a spring blizzard, and neetunned to these longitudes [Hale,
1894].

Rationale for this high altitude site

Mt. Evans, Colorado is located 35 miles [53km] wafdDenver, at altitude 14,148 ft
(4305m) above sea level, at Latitude 39d 35m 13soNgitude 105d 38' 25" W. The
measured local acceleration of gravity is reducegl+ 9.79006 m/séat this relatively
extreme altitude. Between 1972 and 1999, it wasistently listed as highest
observatory in the world in the USNO Astronomicéin@nac, eclipsed only recently by
newer facilities in India [Hanle, 4467m] and propdgacilities in the Atacama desert in
Chile at elevations in excess of 5,000 m. The dgoatlon of good seeing due to treeless
tundra and unobstructed airflows, low water vagmuimns on average in terms of
infrared transparency, and favorable cloud statisil result in excellent site advantages
for astronomy from the Mt.Evans summit. Road asteshe site promotes relative ease
in training and instrumentation, and the site stidnd preserved for future scientific use.



To appreciate the opportunities afforded by the B#ans site, a review of local
astronomy history is appropriate. In 1880, HerBertiowe arrived from the Cincinnati
Observatory as a new professor of mathematics stnonmy at the University of
Denver. By the end of that decade, a patron edatisve to design and build
Chamberlin Observatory featuring an 0.5 meter ape€lark-Saegmueller refractor.

Site selection seemed to involve finding a levetpbof land near the young university,
then located well outside Denver city. The souémizer parcel featured dark skies, good
airflow and access convenience. Howe soon repoadetletion of the observatory,
telescope and first light [Howe, 1894].

When did high altitude sites begin to be used?lyfégh altitude installations include
Mt. Hamilton (Lick Observatory) in 1888, and earliBic du Midi, 1873. During the 19
century, science was expanding with global expewuitiof discovery regarding the
atmosphere and the spectrum of sunlight. Thithgestage for an early proponent of
high altitude observatories, the Astronomer Roy&antland, Charles Piazzi Smythe,
who in 1856 climbed Mount Teide on Tenerife ancedetd infrared radiation coming
from the Moon. Bruck [2002] states that, despitediscovery, Smythe was not able to
persuade the British government to finance a mamistation in that era.

Site history and development

According to Colorado historical sources, in 188®, Cascade and Pikes Peak Toll Road
Company completed a 16-mile road up the north sid@ikes Peak. This became a major
attraction, drawing tourists away from Denver ai¢at to be outdone, Denver's Mayor
Speer proposed that a road be constructed to phef fdt. Evans. In 1917, he was able to
procure state funds to build the road that was detag in 1927. Soon thereafter, Arthur
Compton of Chicago University arrived to study casmys at altitude [Rossi, 1990].
Bruno Rossi himself demonstrated the time dilagtiects on mu mesons from atop Mt.
Evans in 1939.

In the post-World War |l era, an international eblbration of researchers sponsored by
the University of Denver flocked to Mt. Evans atgliEcho Lake facilities. This activity
flourished into the 1960s when accelerators elsesvbegan to eclipse the direct
observation of cosmic rays from high mountain sitBsiring this time, the “Space Race”
and increasing interest in air pollution monitoringpired the Denver Research Institute
to propose a telescope for the Mt. Evans siteplialgoration with local universities. The
first telescope was an 0.6 meter Ritchey-Chretéastope by Ealing-Beck completed in
1972. Funding for operations limited its use todgts of comets Kohoutek [1972] and
Halley [1986]. The site was nearly abandoned wanbequest to the University of
Denver appeared in 1990 that included funds faeva mountaintop telescope and
observatory. This author was hired in 1992 talfutiis bequest by William Herschel
Womble. Denver University teamed with Eric Mey®ho provided a unique dual 0.7
meter telescope for the site, and the Meyer-WorGliservatory atop Mt. Evans was
completed in summer 1996, with first light summ®@81, following proposal and
environmental impact studies with US Forest Serwvihe manage the district. Usage is
largely limited to summer season when access isgtasConsistent summer observing



programs, guest observers and classes have bekeduosl year since 1997, and
observing proposals welcomed via the websiti,.//www.du.edu/~rstencel/MtEvans

OPPORTUNITIES

What is the research potential of a high, drylgieMt. Evans? First, there is the human
need to see as far as possible, the “vision thitgiagine a great observatory. It is most
likely to be located on a high mountain site, fe&sons including excellent seeing, low
water vapor for infrared and sub-millimeter waveignwork, and favorable cloud
statistics. Easy access encourages student ganuh instrument testing. Because few
sites of this quality are available, we supportithg efforts to preserve and protect
astronomical sites. However, though Denver cityloa seen from the summit, the
observatory itself is remote and challenging. Wmst up, “everything up here is an
experiment”.

The University of Denver has continuously operatedodest weather station atop
Mount Evans since January of 1991. This statienldegen outfitted with sensors to
measure temperature, barometric pressure, relativedity, wind speed and direction,
and battery voltage maintained by solar panelse station's data logger has been
programmed to poll the sensors every minute anortrdyourly averages, as well as
minimum/maximum values and standard deviationsHfatr hour. The bulk of the data
presented in this section has been acquired fresrsthation. Partial gaps in the data sets
are due to occasional sensor malfunctions duriegelperiods. A pyranometer was
added to the sensor package in June of 1996. Ajthbattery voltages, despite a voltage
limiter in the circuit, can indicate the fractiohsunny hours, the pyranometer provided
more direct sunshine statistics.

The daily average, minimum, and maximum temperatasea function of the day of the
year were examined for each of the years betwemimadpa 1991 and the present. The
temperature profile is remarkably constant fronryegyear with diurnal variations being
on the order of 10 degrees Fahrenheit. Also ofiaprote is the infrequency of days
below zero degrees Fahrenheit, although minima®CH and —28C were noted. These
results are significant because the hourly tempezaradient is small, which minimizes
thermal distortions, and operationally, one mayreqtire engineering for super-cold,
arctic conditions (i.e. significantly below -40F/C)

Wind data has been examined and reveals averageaxithum hourly wind speeds for
the four seasonal periods December- February, My June-August, and
September-November, where median and mean windispeerage 25 to 30 knots, with
sigma about 10 knots. Maximum winds measured t®e loave not exceeded 107 knots,
although it would be prudent to plan for higherestse

The hourly averaged wind direction versus its gpgonding speed clearly demonstrate
that when the wind speeds are greater that 15 kinatsvinds are tightly constrained to a
direction out of the west-south-west (Azimuth = 2iggrees). Below this value, the



direction is more random but still generally outlit west south-west direction. This
result is important for several reasons. Firg,dltierage wind speed is comfortably
below dome closure requirements of 40 knots. S&dtwe wind direction is the most
favorable for inducing laminar flow over the obssnry parcel, i.e. from the steep
western side of the ridge, cresting above the obsary and descending to the east. This
latter behavior accounts for the seeing stabilited toward the west side of the sky (see
image motion monitoring, below).

Relative humidity, barometric pressure, and tentpegadata can be used to calculate the
partial pressure of water vapor at the site (séenAAstrophysical QuantitieSrd ed.,
p.120). For the latitude of Mount Evans, the pdgressure of water in millibars, nearly
equates to the vertical column of water in preaigi¢ millimeters. A water column less
than 2 millimeters (<2mb) corresponds to exceliefrared transparency. The daily
averages, as well as the minimum and maximum fop#rtial pressure of water as a
function of day for a given year range betweenmm in winter and 3-4 mm during
summer monsoon. Data gaps are primarily due borés in the relative humidity sensor
during those periods. The data show excellentitiond for infrared observations
during the fall and winter months. If the groundhtidity is elevated due to surface
evaporation, these results represent upper limitsd dryness of the Mt. Evans site. A
one hundred page report "Water Vapor as a FactibieiiBelection of Solar Observation
Sites" by N.Medrud, NCAR/High Altitude ObservatoMarch 1970 is available from
this author on request, which includes Rocky Moums#es.

Cloud cover is certainly a very important parametetetermining the quality of any
astronomical site. This information, however,asne@what difficult to obtain as one is
generally interested in night time conditions wietoud cover data is not readily
available. For the Mt. Evans site, we believe timatditions at sunrise can serve as a
reliable proxy to conditions of the previous evepiat least for the several hours prior to
sunrise. In addition, morning daylight hours after prime time for infrared
observations. From the observations to date, welade that conditions atop Mt. Evans
are Suitable For Astronomy (SFA) 60+% of the timithwoughly one half of those
nights (33% of the time) being of photometric qtyaliThis is based on analysis of
satellite data, weather bureau data, line of sapservations and climatology studies. A
more recent analysis of cloud cover statisticsilalvi@ from this author, is “A Satellite
survey of Water Vapor and Cloud Cover at Selectadtiaig and Potential Infrared
Telescope Sites in the Southwestern U.S.A.” by Ariehasmus [Dec.2000], which
reaches similar conclusions: sub-mm water vaparook in winter, 54% photometric
nights, 69% useable [spectroscopic or better].

Daily records of snowfall have not been measureecdy at the summit, but such data
has been acquired at our Echo Lake Lab base cacgiet approximately 15 miles to
the north at an elevation of 10,600 feet, duriregphst several decades. This location
should represent an adequate proxy to the summibéasuring snowfall. The monthly
snowfall amounts for six years for the Echo Lakmale indicate that December and
January are very dry months, as also indicated fkater vapor data. November and
March are the snowiest months with year to yeaabdity being quite large. This is



consistent with experience of Colorado skiers, thate are fresh autumnal and spring
snows, separated by a sometimes long, mid-wintesokll.

Studies of seeing conditions have been made aEWéins observatory. As reported by
Stencel et al. (1995 BAAS 26:1321), vertical acmusbunding measurements were
made at the Mt.Evans site during September 19%#nalPy conclusions include that (a)
refractive and turbulent parameters are compatalileose reported at Mauna Kea by
Forbes and others; (b) the measured values implgtiinospheric contribution to the
seeing disk due to turblence in the 100 or so reetieove the site is no more than 0.1
arcsec; (c) the deduced Fried parameter basecesa theasurements can be as large as
one or more meters. C(n)2 values were found toobgparable to Mauna Kea, Hawalii
reported testing, circa 1E-17 m(-2/3).

CCD images were acquired at the summit for seledbedble stars. Double stars were
used to accurately determine the plate scale afthges. Seeing was ascertained by
measuring the full width half maximum of the indlual stars. Visual inspection of the
images at the telescope suggest the camera dideadty record the true seeing quality,
due to residual aberrations in the 10 and 24 iatdstopes used. None of these data
have been deconvolved with the telescope diffradtiaits (0.25 and 0.15 arcsec), nor
enhanced by any active optics. Despite these gmoblvith CCD frames, it seems
reasonable to conclude based on these measuretimaings least "arcsecond” quality
seeing (0.68 arcsec formally) is routine on Mt. lEszaHartmann mask differential image
motion montoring offers the potential to directlyserve the seeing cell sizes and their
fluctuations (cf. 6et al. 1995). We conducted réeseof these measurements during
summer 1995. Fried parameters were found to oewden 5 and 24 cm, and these
appear to correlate with azimuth of the star ob=@riveing larger toward the west
(windward) side of the sky. Analysis is ongoingdareliminary results show a range of
r(o) values from 5-10 cm on the leeward side ofdhserving site, to 10-35 cm on the
windward (upwind) side, as might be expected foflawing over the ridge. These
values include unmitigated dome seeing effects.

Mt. Evans experiences excellent seeing, due isatated location and elevation. The
site is situated some 3,000 feet above tree lidetlaa routine west-southwest winds
come from a direction that is unobstructed for sa@vailes. The only local obstruction
to the telescope site is the true summit situadetié north. Airflow is highly laminar as
it crosses the observatory parcel.

Preliminary measurements of sky brightness weredwcted during September 1994,
resulting in an estimated 21.5 mag/sq.arcsec, \d menith. This compares favorably
with estimates by Garstang (1989) of sky brightregddt.Evans. Natural background of
22 mag/sqg.arcsec is almost achieved, and facteodving solar activity and regional
forest fire smoke could be factors in the resutddte. A series of VRI observations of
cluster NGC7006 has been carried out since 1998tiwet Meyer Binocular Telescope to
monitor increasing sky brightness. The city ligbtenver fortunately do not affect
more than about 5 to 10 degrees of the easterdwskyo relatively low altitude scattering
and a semi-stable inversion layer over the citjrcalgh population increases are a factor.



In summary, Mt.Evans offers an attractive contiakmfrared site with conditions
comparable, at times, to the best astronomicalté#?.sThe combination of extreme high
altitude, existing special use permits, nearby loasep, access to supplies and
transportation make Mt. Evans an appropriate sit@ fsignificant astronomical facility.

An unusual dual-aperture 28.5-inch, f/21 Ritcheyéfien telescope has been completed
and installed in the high altitude observatorylfggiwith first light August 1997. It was
designed by Eric T. Meyer to optimize high spat&solution imaging. This Meyer
Binocular Telescope incorporates active thermalagament of the telescope structure.
The secondary mirror support elements are fabddaten INVAR and permit active
tip-tilt and focusing capability. The optics wdabricated from Zerodur by Contraves
USA, and each system has a measured total wavenam<0.050 at 633nm. All
optical surfaces are coated with a multi-layeretiic enhanced silver, providing high
reflectance from below 350nm to beyond 26 microfise telescope control system has
been designed to allow initial operation from asuilated control room. Long-

term plans call for totally remote operation frame University of Denver campus — 53
km line of sight distance - via direct microwavedimlink.

CHALLENGES
Access

The observatory is situated at the end of a 14 jadekm] state highway that is paved to
the 14,115 ft [4,302 meters] level, with the lastfhundred yards [meters] unpaved, to
the building base at 14,125 ft [4,305 m]. Conais@long the route vary even in the best
weather, including rockfalls and frost heavinglod surface near Summit Lake [elev
12,500 ft, mile 9.5]. The latter road damage @®aindulations that grow vertically a
few cm per year in contrast on a scale of a meatéwo in horizontal terms. With tight
budgets, this situation is not expected to be redaoon. Despite all this, with state
highway assistance, routine access by vehicle &éas possible between early May and
mid-October annually. With effort and preparatiemtually all months can allow

access.

Weather

Mid-latitude, mountain weather can be variable Bete at times. During the 1990s, a
weather station was operated and data collectezttiely hourly averages and extremes.
John Starkey both designed and installed this $d¥aand battery powered modem-
accessible device. Extremes include temperataresirg from highs of 65F [23.6C] to
lows of —40F/C. Wind speeds have been recorddd wp7 knots, although rime icing
has taken a toll on simple anemometers, so maxaula de higher. However, the
monitoring shows a wind rose with average speedsn20 knots and strongly from the
WSW direction. Observing experience confirms thrsdency.



USFS rules and fees

In the United States, most interesting astrononsitak tend to be under the jurisdiction
of the USDA Forest Service. The Forest Serviceaips under a plethora of rules and
regulations, driven by the 1967 National EnvirontaéRrotection Act [NEPA]. As
such, Mt. Evans observatory operates under a Spgstapermit, which has been
renewed regularly since the 1970s, now valid @@il5. The 1994 proposal to
modernize the observatory triggered an expensiwir&mmental Assessment study
during 1995 and eventually a construction permitlfé96. The study considered a
variety of impact factors, such as water, air,dland fauna and visual effects of the
proposed project. Although the established ustee of the site helped demonstrate
that there would be no additional impact on biatagfactors, the “visual impact” of the
new building resulted in design constraints thiated the eventual cost of the structure
[rounded, rock-faced, tan coloration of the domiédllowing the approval for the new
building, the Forest Service has been relativelbtiusive about managing activities at
the site — other than relentless increases in péees — but this may be due to staffing
and budget cuts on a national scale, rather thlingviess to micromanage their
dominion. Should we wish to charge for accesseéd¢lescopes, the Forest Service
expects a hefty share of the proceeds, makingtssineffective.

Power

A key factor for remote sites is the provision t#fotrical power and communications.
The Mt. Evans summit is 15 miles [20+ km] from thearest land lines for either. For
power, we have traditionally relied on diesel gatans to produce the local
220/110VAC, but this involves importation of fuelllatural energy supplies in the form
of sun and wind are abundant but challenging tedsir We did get cooperation and
some grant funding to place solar photoelectricefsaatop adjacent buildings near the
observatory, capable of providing 1500 watts umpeek sun, and partial support for the
addition of another 1200W of panels on the obseryatself. However, these are
allowed only during winter season, due to ‘visuapact’. Wind power is an excellent
option for the site, but the Forest Service wilt permit free-standing towers or
additional major structures. In addition, storafjeaptured energy is non-trivial. Fuel
cells represent an interesting option, but the Weaitow maintenance, affordable units
continues.

Communications

As mentioned, the nearest land lines are over 2diktant, requiring us to solve
communication problems with wireless means. Areptable solution for internet access
has been achieved with a low power, spread-spe@iivHz link with the University

of Denver campus, 53 km distant, providing a woliaiternet for observers. Cell
phones and their reception territory have evolvedin since the mid-1990s. Today, an
observer can take mobile calls, at the telescdpp,the mountain, whereas ten years
ago, a weighty, high power analog portable phonewss required for intermittent



communications. This is one benefit of the linesight from the summit to Denver city
below, despite the price paid in increased sky dgltam poorly designed urban lighting.

Staffing and guest observers

The major resource shortage of the observatorgsitadounding in the 1970s has been
staffing — rarely more than 2 FTE during summeseaaexcluding construction periods.
Comparison with published UKIRT budgets, suggegsiould have a minimum of 4
FTE: one for electro-optical maintenance, one tonputer support and two FTE for
observer support. In part, this shortfall has beercome in part with guest observers
who volunteer time during summers in exchangelast®pe access. Guest observers
from academic institutions and astronomy clubs hgaréicipated since 1998.

Tourist site

Because the Mt. Evans summit can be accessed by paad, the highway is maintained
by the state of Colorado (largely for tourism puggs). This brings a mixed blessing for
the research site. On one hand, the maintenalowesdior easy travel during the summer
season. On the other hand, there is a persigtblit glemand for access to the
telescopes during the limited number of clear aiydsdmmer nights needed for research
and training. Balancing those is challenging,@lth the benefits of some tourist
accommodation are recognized, and scheduled pregname been offered in recent
years. With additional staffing, more astronomyreach during the day could be done.

FURTHER OPPORTUNITIES
NIMBY & NOMBY

In the USA we have a catch-phrase, NIMBY, regarditgre development is to be sited.
NIMBY refers to opposition of neighbors: “Not In MBack Yard”. Understandably, no
one wants a toxic waste dump to open next to tiwine. However, with the
disappearance of environmentally unspoiled wildesnpressures increase to protect
remaining areas from all human encroachment. @whhistorical use pattern of
research at Mt. Evans, and the ability to mobilizerested local amateur and
professional astronomers to weigh in with the RoBesvice and balance the de rigeur
pro-conservation petitions that almost any prop@sgbn in wilderness can be expected
to generate, allowed the project to move forwdtdwever, with the proliferation of 10
and 30 meter class telescopes at world classisitéawaii and Chile, mid-latitude sites
may disappear due to lack of professional inter&smilarly, as there are advantages of
site convenience and control, one sees a NOMBYorespfrom astronomical peers —
Not Other than My Back Yard — in terms of resistata pooling resources among
possibly redundant small-scale efforts.



Space Station Mt. Evans

One of the strongest scenarios for the future @M. Evans observatories involves the
effort toward complete automation and remote cdonffdne severity of conditions drives
a need for highly redundant safing systems, whelmiselves require reliable power.
However, the advantages in terms of productivityiddoe substantial if a fully remote
system could be realized. Only funding separagesam that end. Human participation,
on site or over the net would continue under tharmement as appropriate. For
continued on-site participation, it is imperatieenhiodernize the base camp facilities at
DU’s High Altitude Research Station, a.k.a. Ech&d.dab

QUO VADIS?

By 2015, the special use permit for the observaimigccupy its lofty perch comes up for
renewal. According to permit rules, facilities addo the land must be removed when
the permit is no longer in force. If the Univeysif Denver does not augment staffing

for astronomy, and/or external interest in the aiese and educational potential of the site
does not materialize, it is possible that the witebe lost to the astronomical

community. During the present golden era of 10 2ddheter ground based telescopes,
and multi-wavelength telescopes in space, perhapsadl facility is not justified.

However, once lost, this site may prove difficaltréclaim.

There are many people to acknowledge in a prajeetthe development and continuance
of the Mt. Evans Observatory, in addition to myweerant wife Susan and daughter
Claire. |thank William Herschel Womble for pronie of a bequest to the University of
Denver in support of mountaintop astronomy andpilrsuit of educational research in
astronomy and astrophysics. Patrick Meyer andeaish of heroic builders made the
construction possible during limited summer seasdrec Meyer provided the initial
telescope system. John Starkey, deceased, pidnbereommunications and power
infrastructure that makes work at the summit fdasiong with Joe Burdick and Ken
Thames. Russ Mellon and colleagues help improvaamy telescopic features, and
Mike Silva provided vital air transport to sustaystems. A generation of cosmic ray
scientists, as well as atmospheric and astronomasafrchers helped secure the site
through the 29 century, for its current Zcentury uses. Student interest sustains me,
even if outside professional interest is limited.
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