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ABSTRACT   

The University of Utah completed construction of the Willard L. Eccles Telescope located at the Frisco Peak 
Observatory near Milford, UT in October 2009. The observatory site is located on a prominent peak at an altitude of 
approximately 9600 feet in a region with minimal light pollution. The Frisco Peak site was chosen after careful 
consideration of many factors including climate, light pollution and available infrastructure. The facility houses a 32" 
diameter telescope manufactured by DFM Engineering of Longmont, CO. Further development of remote operation 
capabilities is currently being undertaken. Monitoring of the weather and seeing conditions are being performed and 
confirm the excellent nature of the site for astronomical observations. The observatory facilities will be used for 
educational and public outreach activities as well as research projects. A description of the facility and its planned use 
will be provided.  

1. INTRODUCTION 
The Willard L. Eccles Telescope (WET) is a 32-inch telescope manufactured by DFM Engineering, Inc. [1]. The 
telescope was procured and the observatory was constructed using grants from the Willard L. Eccles Foundation and the 
K.W. & E.R. Dumke, Jr. Foundation. We built the observatory on Frisco Peak, adjacent to the Great Basin and chosen 
for dark skies, excellent seeing, and many clear nights of observation. Through the efforts of the faculty and staff from 
the University of Utah and private contractors [2], it took only three months to construct the observatory and install the 
telescope. Imaging data was first obtained on October 15, 2009. Preliminary data from the first observations and from a 
survey of the site prior to construction indicate that this observatory could have conditions competitive with other major 
research sites such as Apache Point Observatory [3] and Kitt Peak National Observatory [4]. 

1.1 Site Selection and Characteristics 

Frisco Peak near Milford, UT was chosen after an extensive survey of potential sites in southern and western Utah. This 
area constitutes one of the darkest and driest areas in the contiguous United States with over one dozen peaks with 
prominence greater than 4000 feet above their surroundings. Frisco Peak is a very dark site. Shown in the left panel of 
figure 1 is the Night Sky Brightness map of the United States from the Image and Data processing by NOAA’s National 
Geophysical Data Center. This data [5] indicates that Frisco Peak is located in one of the darkest regions of the United 
States. Additionally, night sky brightness measurements performed by Chad Moore of the National Park System 
Atmospheric visibility team [6] near our site indicate typical limiting sky magnitude of 21 to 22 mag per square arcsec, 
comparable to the best observatory sites anywhere on the planet. Frisco Peak is also a dry site. Data from the U.S 
Department of the interior [7] show that average annual precipitation was less than 15” in the vicinity of Frisco Peak 
between 1961-1990. 

For the observatory site survey, monitoring stations consisting of a camera locked on Polaris, computer, solar panel and 
battery were deployed on six candidate peaks indicated on the right panel of figure 1. The measurement made by the 
SBIG seeing monitor [8] at the Frisco Peak observatory site on a very good night is shown in left panel of figure 2.  A 
photo of the seeing monitor and its mount is shown in the right panel of figure 2. A distribution of approximately 3 
months of seeing measurements obtained at the Frisco Peak Observatory site is shown in the left panel of figure 3. 
Shown in the right panel of figure 3 is a histogram of the flux measured from Polaris using a SBIG seeing monitor at the 
Frisco Peak Observatory site. The image quality measured at the FPO site is good. For median visible wavelength 
natural seeing of just under an arcsecond FWHM, as measured at the site by our team, we expect median near-IR images 
between 0.7 and 0.8 arcsec FWHM. Measurements from the site indicate that we will have a median seeing significantly 



 
 

 
 

better than the 1.4 arcsecond median seeing of the SDSS imaging survey [9]. While excellent, this seeing may not be 
quite as good as the 0.65 arcsecond seeing claimed at the 3.5 meter WIYN telescope on Kitt Peak [10]. Simple analysis 
of contamination from light of nearby cities indicates that the site in Utah is darker than either of these locations. In 
addition, weather data collected from the National Weather Service indicates that this site should have at least as many 
clear nights as Apache Point Observatory. 

The first measurements made with the observatory allowed a direct comparison of the estimated seeing to the true 
seeing. The results shown in figure 4 indicate that the predictions from the seeing monitor are consistent with the PSF 
measured directly from observations using the telescope. More recent observations made with improved collimation 
produced a FWHM that is 10-20% smaller than the estimates from the seeing monitor. From the photometry of Polaris 
we have recorded with the seeing monitor since June 2008, we estimate that at least 35% of the seeing measurements 
were performed under clear sky (figure 3 right panel). 

 
 

Figure 1: Left Panel: Night Sky Brightness map of the United States from data collected by the US Air Force Weather 
Agency. The observatory site is identified as “Frisco Peak” and lies approximately halfway between Salt Lake City, UT and 
Las Vegas, NV. Right Panel: the region of Southern Utah that was considered for potential observatory sites. The blue 
diamonds indicate where long-term measurements of atmospheric seeing were performed. The site labeled Frisco in the 
upper right hand corner (NW corner) of the map was chosen for the location of what is now known as the Frisco Peak 
Observatory. 

 

 
Figure 2. The Left Panel is a time series plot of seeing measurements taken at the Frisco Peak Observatory site during the 
night starting on November 4, 2007. The average seeing measured during that night was 0.77”. The seeing measurements 
for the observatory site surveys were obtained with three SBIG seeing monitors deployed for typically several months at the 
locations indicated on the map in Figure 1. 



 
 

 
 

 

 
Figure 3 Left Panel: Observations between 7/28/07 and 10/15/07 show that Frisco Peak had the best seeing of the sites 
tested. The data from the seeing monitor indicates that the median seeing was 1.05 arcseconds for this time period. FWHM 
seeing was below 0.9” approximately 20% of the time. Right Panel: Preliminary data of the photometric quality of the site 
between 6/9/08 and 7/16/09. The observations were made using the same instrument as that in the seeing estimates. The 
peak at 6250 indicates observations with no atmospheric extinction - we assume that all measurements that were above 6000 
counts were taken under clear skies. The peak at 0 counts is due to multiple errors in the data including highly extincted 
skies, frost or snow on the window, and the motion of Polaris out of the field of view of the camera. As a conservative 
estimate, we assume that all measurements of zero flux represent observations not made under clear skies. Under these 
assumptions, 35% of measurements were made under clear skies and 31% of the observations failed with no flux recorded. 
For comparison, 49% of the observations recorded a flux from Polaris greater than 5000 counts. 

 

 
Figure 4 Composite profile of five stars near the center of the image while tracking (no guiding) at zenith at 4:30 AM on 
October 23, 2009. The solid line shows the real data and the dashed line shows the best-fit Gaussian with FWHM equal to 
0.95 arcseconds. The seeing monitor reported an estimated seeing of 0.9 arcseconds during this exposure. We have since 
improved the collimation of the telescope and are evaluating the new data.   

 



 
 

 
 

1.2 Observatory Specifications  

TECHNICAL SPECIFICATIONS 

LOCATION 

 LATITUDE LONGITUDE ALTITUDE 

 38.52N 113.28W 9551 FEET 

TELESCOPE SPECIFICATIONS 

 MANUFACTURER DFM ENGINEERING  , LONGMONT, CO 

 OPTICAL DESIGN 32” DIAMETER F/8 RITCHEY-CHRETIEN 

 LOAD CAPABILITY >200  LBS OF INSTRUMENT BEARING 
CAPABILITY, 100 LBS AUXILIARY TELESCOPES 

 DRIVE SYSTEM FRICTION DRIVE WITH ZERO BACKLASH, 
FIDUCIAL POSITION REPEATABILITY BETTER 
THAN 5 ARCSEC 

 SLEW TIME MAXIMUM SLEW TIME < 60 SECONDS 

 TIME KEEPING GARMIN GPS RECEIVER BETTER THAN 0.05 SEC 

DOME 

 MANUFACTURER ASH MANUFACTURING  , PLAINFIELD, IL 

 MODEL MEBH-18’6” WITH RADIO CONTROL 

 DIAMETER 18.5 FEET 

 SHUTTER WIDTH 7 FEET 

 HEIGHT ABOVE 
GROUND 

10 FEET 

CAMERA/FILTERS (APRIL, 2011) 

 MODEL SBIG STL-6303E 

 FILTERS ASTRODON SLOAN g and r 

SITE CHARACTERISTICS 

 SEEING CONDITIONS MEDIAN APPROXIMATELY 1.0” 
 
 



 
 

 
 

2. Construction, Installation and Commissioning 
 

2.1 Observatory Site Preparation, Construction and Telescope Installation 
 
We received approval from the Bureau of Land Management (BLM) to begin construction on July 16, 2009 and had the 
essential infrastructure in place by mid-September. Personnel from DFM Engineering installed the 0.8 meter, Ritchey-
Chretien Cassegrain optical telescope in the beginning of October. We collimated the mirrors and had our first data taken 
with an SBIG CCD imaging camera on October 15, 2009 - only three months after receiving BLM approval. 
Photographs of the observatory site and telescope are shown in Figures 5 and 6.  

Excavation at the site to perform a geotechnical survey to determine “soil” conditions to finalize the design of the 
telescope pier and dome support structure was performed on July 16, 2009. An unimproved road of approximately 650 
feet was constructed to the observatory site in the following week. Excavation for the footers and substantial concrete 
foundation of the telescope pier was performed shortly thereafter. The top of telescope pier was 12 feet above grade to 
raise the telescope above the ground-mixing layer. The boundary of the dome support structure was placed 
approximately 3 feet from the edge of the nearly 35 degree west facing slope to optimize the seeing conditions from the 
observatory. The concrete footer for the telescope pier was placed to a depth of nearly 4 feet below grade and had an 
area of approximately 14 feet by 12 feet at its base. The massive telescope pier footer was also anchored into the 
bedrock. This resulted in an extremely stable base upon which to mount the telescope. The dome support structure was 
fabricated contemporaneously with the performance of the concrete work. The dome support structure was supported on 
substantial concrete footers to minimize vibration. The support structure makes no contact with the telescope pier to 
maintain mechanical isolation of the telescope from the from observatory dome and support structure.  
 
After excavation, concrete work and erection of the dome support structure were completed; a trench of approximately 2 
feet depth was placed in the center of the road for the installation of two conduits for electrical power and optical fiber. 
The observatory dome was installed with the assistance of personnel from Ash Manufacturing after the completion of the 
dome support structure and prior to construction of the control room. The concrete pad of the control room was used to 
facilitate the construction of the observatory dome. The installation of the observatory dome was completed in 
approximately one week. The control room is housed in a “Quonset hut” that is 16’ x 20’ in area.  The Quonset hut and 
the observatory dome are rated to withstand winds in excess of 100 mph. The hut is also rated to withstand several feet 
of snow pack.  No more than 2” of snow has been observed to accumulate on the building due to accompanying high 
winds during snowstorms. The lack of accumulated snow is also true for the observatory dome. Six 6” diameter conduits 
were installed between the control room and the top of the telescope pier to provide a route for telescope and instrument 
cabling. Due to requirements from the Bureau of Land Management to minimize visual impact the observatory 
buildings, including the dome were painted a dark gray/green color to blend in with their surroundings. An additive to 
enhance reflectivity of infrared radiation was added to the paint on the observatory dome. The effectiveness of the IR 
reflective pigment in reducing heating of the observatory dome has been verified by observing the temperature 
differences between the dome and control room walls. The control room is equipped with heating and cooling. The 
observatory dome has no active heating and cooling , only 18” x 18” louvered panels on the SW and NE corners. Active 
cooling is foreseen as an upgrade. 
  
The telescope was installed and commissioned by personnel from DFM engineering during the first two weeks of 
October 2009. The local contractor and staff from the University of Utah provided assistance in the form of equipment 
and personnel to perform the installation and commissioning of the telescope. The parts for the telescope were hauled 
from the main delivery truck in Milford, UT up the mountain in a ¾ ton flatbed pickup truck. The components were 
lifted into the dome using a forklift with a 50-foot boom.  The Telescope Control System hardware was installed in the 
control room and connected to the telescope through approximately 100 feet of shielded cables that ran through 
underground conduits through the telescope pier. The last several nights with DFM personnel on-site were devoted to 
alignment and developing the pointing model as well as training University personnel in the operation of the telescope. 
The precision as well as accuracy of pointing was determined to be better than 10 arc-seconds. The first image obtained 
with the telescope using an SBIG STL-6303 camera is shown in the left panel of figure 6. The completed telescope is 
shown in the right panel of figure 6. 

 



 
 

 
 

 

 
Figure 5 Left Panel: Photograph showing control room under construction and observatory dome. Note the dark green paint 
on the observatory dome.  Right Panel: Aerial photograph of observatory site. The control room was also painted in the 
same dark color to minimize visual impact requirements of the Bureau of Land Management.  

 

 
Figure 6 Left Panel: First Image obtained from the Willard L. Eccles Telescope of NGC 891. Right Panel: Photograph 
showing the completed Willard L. Eccles telescope inside of the Frisco Peak observatory dome. 

 

 



 
 

 
 

3. DEVELOPMENT OF REMOTE OPERATION CAPABILITIES 
3.1 Power  
 
The electrical utility company for the region, Rocky Mountain Power (RMP), provides mains electrical power to the site. 
An existing power line was located along the Frisco Peak road approximately 660 feet from the observatory site due to 
the existence of nearby communication facilities. A ground sleeve and back feed were installed to an existing RMP 
50KVA transformer to provide the additional connection to the observatory site.  Two conduits were placed at a depth of 
approximately 2 feet in a 660-foot long trench placed in the middle of observatory road. A power cable was placed in 
one of the conduits to a new transformer at the observatory site provided by RMP. The secondary of this transformer 
provides 240/120 VAC power. To provide protection against nearby lightning strikes and/or lightning strikes on the 
power lines, Transient Voltage Surge Suppression units were installed for both the control room and the observatory 
dome on both the 120V and 240V lines. Ground rings were installed encircling both the control room and the 
observatory dome support structure. These ground rings protect the instrumentation from current spikes running along 
the surface due to nearby lightning strikes. Additionally air terminals were installed on a 30-foot tall weather mast and 
on the north end of the control room building. The locations of these air terminals were motivated by discussions with 
personnel from VFC [11], inc a lighting protection company.  These air terminals were grounded to the observatory site 
ground using braided cables capable of carrying the current from a direct lightning strike to the air terminal.  
 
3.2 Remote Power Control 
 
All power devices are connected to either the 120VAC 3000 kVA UPS or the 240VAC 3000 kVA UPS. Under normal 
operations the UPS can provide power to the devices of the observatory for at least 15 minutes. The UPS’s are 
configured to take shutdown actions and send notifications via Internet and cell phones after approximately 5 minutes of 
a power outage. Most devices are connected to a remotely controllable power strip that provides the ability to remotely 
control the power via the network 

3.3 Network  

A 150 Mbps microwave link was installed between the Utah State Department of Technology Services communications 
tower on Frisco Peak and Milford High School. Milford High School is connected to the Utah Educational Network 
through another microwave link with a bandwidth of 100 Mbps. This connection is expected to be replaced with a 
connection with 1 Gbps capability in the near future. The observatory site is connected to the Microwave link end on 
Frisco peak via optical fiber placed in the second conduit that was installed in the road extension. A dedicated route to 
the observatory from the University of Utah through the Utah Education Network ensures an impressive latency of 
typically 9ms roundtrip packet times. This low latency network is critical for remote operation of the observatory. 

3.4 Observatory control software  

The telescope has control system software to enable fully remote operation capability. The observatory dome can also be 
controlled through the telescope control system hardware and software.  The telescope control system runs on a windows 
based PC that control the telescope via an ISA based control card. The TCS software has the capability to accept 
commands over a TCP/IP port as well as through a Graphical User Interface that can be accessed remotely via remote 
desktop software. An overarching software framework for remote operations has been developed using windows based 
PCs as shown in figure 7. We are developing a top-level control system that will send commands from a scriptable 
software framework based in the Linux operating system known as RTS2 [12]. This scheme will enable autonomous 
operation and is indicated in figure 8. 

3.5 Site Monitoring  

To facilitate remote operations a collection of 8 surveillance cameras have been installed throughout the observatory site. 
The interior of the control room is monitored by one camera. The interior of the observatory dome is currently monitored 
by two fixed cameras as well as an additional camera with pan, tilt and zoom (PTZ) capability. Several additional video 
cameras are mounted outside. These cameras are equipped with heaters and cover that provide protection from the 
elements. All but one of the cameras are sensitive to IR radiation and have IR LEDs to provide illumination during the 
night when necessary. The power to the IR LEDs can be turned off via remote control. The video output from these 
cameras is accessible over the Internet via a web browser or through a remote desktop connection. An example of the 



 
 

 
 

video output is shown in figure 9. Two outdoor surveillance cameras captured video footage of a bolide meteor 
explosion that occurred over Utah in November 2009. This footage was used by NBC news in the local news coverage 
as well as on the “Today Show”. 

 

 
Figure 7 Currently implemented observatory control scheme using windows based software that enables observatory 
operation from remote sites. The system utilizes a top-level program written in visual basic that can send scripted commands 
to both the TCS as well as MAXIM-DL camera control software. Control of power for individual devices is being 
implemented using the SNMP protocol. 

 
Figure 8 Observatory control scheme using linux based software that will enable autonomous observatory operation from 
remote sites. 



 
 

 
 

 
Figure 9 Images from six of the eight video cameras installed at the Frisco Peak Observatory. The upper-left panel shows 
the interior of the control room. The upper central panel shows the exterior of the control room as well as the observatory 
parking space. The upper and bottom-right panels show the telescope. The lower-left panel shows the observatory road. The 
lower-central panel shows the PTZ camera that does not have IR capability. 

4. PLANNED ACTIVITIES 

4.1 INSTRUMENTATION 

We have submitted a proposal to the NASA to further develop the instrumentation of the Frisco Peak Observatory. 
Agreements to obtain a loan of an IR chip that was developed for the SNAP project [13] have been secured if this 
funding is granted. The IR chip will be incorporated into an optical system using dichroics, shown in figure 10, designed 
by the Instrument Development Group of Johns Hopkins University that splits the beam from the telescope into two 
separate paths. An Andor camera will be used to image the visible bandwidths while the IR beam will be imaged using 
the IR camera.  

 
Figure 10 Schematic of optical layout of proposed beam-splitter. 



 
 

 
 

4.2 RESEARCH  

Many additional possibilities for research will become available with the Frisco Peak Observatory, if the proposed 
instrumentation development is funded. Coordinated observations of transient phenomena with other facilities such as 
the Fermi [14] and Swift [15] satellites as well as experiments such as VERITAS[16] and HAWC[17] will be one of the 
research activities of the observatory. Additional research opportunities include performing GRB follow-up observations 
as well as Supernovae studies. The facility will also be used for student laboratory course level research on topics such 
as variable star studies as well. 

4.3 EDUCATION AND PUBLIC OUTREACH 

Using the remote control capabilities of the Frisco Peak Observatory, we are incorporating its use in public outreach 
activities at the campus observatory in Salt Lake City. The Frisco Peak facility has also been used remotely by several 
undergraduate courses at the University of Utah. Several class field trips to the Frisco Peak Observatory have also taken 
place. The response to these field trips was overwhelmingly enthusiastic. We are also developing strong links to other 
regional universities such as Utah Valley University and Southern Utah University in neighboring Cedar City to foster 
cooperation in performing research as well as utilizing the Frisco Peak Observatory for educational and public outreach 
activities throughout the State of Utah. 
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