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Figure 1: Star trails over the Gemini-South telescope (top), and moonrise over the domes
on Cerro Tololo (bottom), with the Large and Small Magellanic Clouds visible and the
Galactic Center rising.



I. Introduction

The Association of Universities for Research in Astronomy (AURA) is a U.S.-based
consortium of 40 U.S. universities and 4 international affiliates that operates world-class
astronomical observatories. AURA’s role is to establish, nurture, and promote public
observatories and facilities that advance innovative astronomical research. In addition,
AURA is deeply committed to public and educational outreach, and to diversity throughout
the astronomical and scientific workforce. AURA carries out its role through its
astronomical facilities.

The AURA Observatory in Chile (AURA-O) is the sole representative in Chile for AURA and
all facilities operating or wishing to operate on its property. The facilities on the AURA-O
site include: the National Optical Astronomy Observatory (NOAO), specifically with its
southern branch, the Cerro Tololo Inter-American Observatory (CTIO); the Gemini
Observatory, specifically with its Gemini South Telescope; the Southern Astrophysical
Research (SOAR) Telescope; and the Large Synoptic Survey Telescope (LSST), which is
currently under construction. AURA-O also hosts many smaller astronomical, atmospheric,
and geological research projects which operate under the auspices of AURA-O.

AURA Observatory in Chile, on behalf of AURA and its member institutions, proposes to the
IDA that the AURA-O site in the Elqui Valley of northern Chile be designated as an
international Dark Sky Sanctuary (DSS). Pending further local approval, we propose to
name the sanctuary after the Chilean Nobel-prize winning poet Gabriela Mistral, who wrote
so eloquently about the stars over her native Elqui:

“Lift up your face, child, and receive the stars. When you first look, they all

pierce and freeze you, and then the sky begins to sway like a cradle they're

rocking, and you give yourself up wholly to be carried away, away.” (Gabriela

Mistral, Carro Del Cielo).
[f the DSS is approved by the IDA, and the naming is approved by local authorities, we will
name this sanctuary the “Gabriela Mistral IDA Dark Sky Sanctuary”.

This proposal has the strong support of all of the observatories mentioned above, the
AURA-O organization, and of AURA and its membership. It also benefits from strong
support in Chile. We have attached letters from Chilean government entities that have
voiced their support for this sanctuary and the promise that it may serve as a nucleus for
development of additional dark-sky related activities and entities, which we hope will
include additional IDA-certified Dark Sky Places.

II. Motivation for Certification

AURA-O has maintained a strong interest in the preservation of the night skies of Chile,
beginning 50 years ago with the founding of the first of the major international
observatories in Chile on Cerro Tololo. AURA-O has worked during this entire time in an
effort to preserve dark skies in Chile, and particularly in the Elqui Valley where the
proposed International Dark Sky Sanctuary is located.



AURA-O has a demonstrated commitment to protecting the dark skies as well as nature on
the observatory site. AURA-O developed the idea of lighting standards, which was
recognized and picked up by the then Director of the Chilean Environment Protection
Agency (CONAMA), Sra. Adriana Hoffmann. CONAMA developed the ideas into a regulation
that served more generally to advance their new system of environmental regulations and
standards. With CONAMA'’s help, AURA also led development of the Office for the
Protection of the Skies of Northern Chile (OPCC), which was inaugurated in May 2000.

The AURA-O site not only hosts astronomical research. It also serves as home to several
examples of flora and fauna that are protected species in Chile, including flocks of protected
parrots. Recent research regarding species protection in the buffer region (the region of
Coquimbo) has included night-sky SQM measurements that are starting to be published in
biological research journals.

AURA'’s organizations, such as NOAO and Gemini, have led dark skies education efforts in
Chile and worldwide with projects like Globe at Night and numerous educational projects
for both the International Year of Astronomy 2009 and the International Year of Light
2015. NOAO has provided strong support for the touristic observatories of northern Chile
and for the training of their guides on dark skies issues, while Gemini has sponsored major
public events promoting astronomy and dark sky education to a broad community, from
school children to their grandparents!

AURA-O has also been active in the development of sustainable tourism in the region,
specifically in the development of “astro-tourism”. AURA/NOAO seeded the first municipal
observatory in Chile, Mamalluca Observatory, with its first telescope and dome in the late
1990s. This observatory is now often over-subscribed with public visitors, and has
spawned the development of a whole industry of municipal and touristic observatories in
the region. Indeed, in the early 2000s the region changed its catch-phrase to “the Region of
the Stars”, and has recently inaugurated the highway up the Elqui Valley (leading to the
AURA-O site as well as to Vicufia, where both Mamalluca Observatory and the home of
Gabriela Mistral are located) as the “Route of the Stars”.
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Most recently, the value of Chilean dark skies has been reinforced again with the selection
of the AURA site for the Large Synoptic Survey Telescope (LSST), an investment of more
than $600 million USD by the U.S. Government, through the National Science Foundation
and Department of Energy. The laying at the site of the First Stone for the LSST was
celebrated in April, 2015 in the presence of the President of Chile, Michelle Bachelet, and
the U.S. Ambassador to Chile, Michael Hammer. With a projected lifetime well into the
second half of the 2030s, the LSST Project provides a new, world-class, primary motivation
for astronomy to continue to protect the natural darkness of the night-sky background over
AURA-O. In her speech at the LSST event, the President of Chile explicitly recognized the
need to protect the dark skies over this and other astronomical sites in Chile:

“Of course this has to be accompanied by a vision of the State and institutional

responsibility of both government agencies as well as universities. As a country,

we have shown a special concern for the preservation of the sky as a resource of

our country. In order that the use of lighting be compatible with our

astronomical vocation, we have issued the regulation “Decree for the Regulation

of Light Pollution", which entered into force in May of last year, but finally, since

early March this year, counts on the protocol and the regulation necessary for

implementation in the regions of Antofagasta, Atacama and Coquimbo.

Furthermore, we are promoting the establishment of the sites of astronomical

observations as World Heritage [sites].”

Beyond the establishment of this international Dark Sky Sanctuary itself, we plan to use
this DSS as a nucleus to promote further preservation and protection of dark skies in the
region, and promote the development of additional sites in the Elqui Valley as IDA Dark Sky
Places. We will work to encourage several of the communities in the area to become Dark
Sky Communities, and eventually plan to encompass a larger area around the DSS and
associated communities into a Dark Sky Reserve. We hope that our work inside the DSS,
and in the future DSR, can serve as an example for additional communities elsewhere in
Chile, not only here in the north, where there are scientific motivations, but also in the
southern part of Chile, which hosts many undeveloped tracks of native forests and
associated wildlife.

As the President mentioned, the government of Chile (led by the Ministry of Foreign
Affairs) is also moving forward on an initiative to recognize several of the astronomical
sites of northern Chile as UNESCO World Heritage Sites, under the recently developed
“Windows to the Universe” theme:
(http://www?2.astronomicalheritage.net/index.php/show-theme?idtheme=21).

Indeed, the AURA-O site was used as one of the three “Extended Case Study” sites for the
development of the case for approval of this theme by UNESCO (see
http://www?2.astronomicalheritage.net/index.php/show-
entity?identity=000059&idsubentity=005) , and the site is naturally one of the sites under
consideration for nomination as a UNESCO World Heritage Site.




III. Eligibility
The proposed site meets the three eligibility requirements described by IDA for the
establishment of an international Dark Sky Sanctuary.

First the proposed DSS, consisting of the AURA-O site, is private land legally protected for
scientific, natural, educational, cultural, heritage, and/or public enjoyment purposes. AURA
is the sole owner of the site, which is currently protected at several levels for its scientific
purposes as well as its environmental importance. The protected status of the site is
detailed in Section V on Site Protection.

It also meets the eligibility requirement concerning regular visitation by the public,
although not with regular nighttime visitation. The general public can visit Cerro Tololo as
part of free tours in daylight hours, via prior application and registration, almost every
Saturday during the whole year (except when weather prevents safe driving to the
summit). More details are available at:
http://www.ctio.noao.edu/noao/content/Visits-Tololo
http://www.ctio.noao.edu/noao/content/public-access
Group tours are also frequently hosted, including touristic groups (e.g., from cruise ships)
as well as educational groups (e.g., visits of school groups from all over Chile). Daytime
group visits to Gemini are also available on Fridays:
http://www.gemini.edu/pio/?q=pio
Gemini frequently hosts large groups of school children and special interest groups on
these educational tours.

Although night-time visitation is very limited for safety reasons, as the roads are unpaved
routes through mountainous terrain, there are also occasional opportunities for special
visits at night, which are coordinated by the CTIO Education and Public Outreach group, the
Gemini Public Information Office, and/or the AURA Observatory Directors’ office. These
AURA-O teams have hosted numerous night events that have highlighted the dark skies,
including visits by artists in residence, numerous film crews, conferences of amateur
astronomers, and a variety of other educational and informational visits.

For broader public access to the night skies of the region, AURA-O works in coordination
with local touristic observatories, which are now internationally-recognized destinations
which encourage nighttime viewing. These beautiful facilities also provide a source of
further education and employment for people in the local community. These in turn
provide a stimulus to local restaurants and providers of accommodation to support and
include the observation and protection of their natural night sky.

The third eligibility requirement is also met: the site provides an exceptional dark sky
resource where the night sky brightness is routinely equal to or darker than 21.5
magnitudes per square arcsecond. These measurements are detailed in section IX below.

IV. Site Description
The AURA-O site proposed for designation as an international Dark Sky Sanctuary is known
as the El Totoral Reserve. It consists of more than 90,000 acres of land in the Elqui Valley



of northern Chile (see Figure 3), about 500km north of Santiago and 60km inland from the
seaside city of La Serena. The land is solely owned by AURA. The site of El Totoral Reserve
(Figure 4) encompasses three major summits: Cerro Tololo, Cerro Pachén, and Cerro
Morado. Cerro Tololo is the site of the first major international observatory in Chile. It was
purchased in November 1962 for the establishment of the Cerro Tololo Inter-American
Observatory (CTIO). Cerro Pachén was developed in the late 1990s to host a new
generation of telescopes, including the 8-meter Gemini-South telescope and the 4.1-meter
Southern Astrophysical Research (SOAR) telescope. Today telescopes occupy much of
Cerro Tololo and Cerro Pachon, (see Figure 5) and we are starting to develop Cerro Morado
as a possible further site for robotic telescopes from all over the world.

La Serena —

erro Tololo & — &
Pachén

Santiago

Figure 3: Maps showing the location of the site in the context of the southern part of South
America (left) and in relation to the nearest major city, La Serena.

Figure 4: Outline of the Estancia El
Totoral—the legal designation of the
proposed sanctuary area. The Cerro Tololo
Inter-American Observatory is located
about 500km north of Santiago, Chile,
about 52km east (80km by road) from La
Serena, at an altitude of 2,240m. It lies
near the center of a the roughly 90,000
acre site known as Estancia El Totoral
which was purchased by AURA on the open
market in 1962 for use as an astronomical
observatory. Cerro Pachon, elevation
2700m, is located about 10km to the SE of
Cerro Tololo. SR
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Figure 5: an aerial view of the mountaintop sites, with Cerro Tololo in the foreground and
Cerro Pachon, with the SOAR telescope to the left and Gemini near the center, in the
background.

The geodetic co-ordinates of the two principal mountaintops are:
Cerro Tololo: Latitude 302 10’ 09” S, Longitude 702 48’ 23" W
Cerro Pachon: Latitude 302 14’ 27” S, Longitude 709 44’ 12" W

Further details about the site, its history as an astronomical observatory, and other aspects
of the site related to its status as a potential World Heritage site, are available in the
[AU/UNESCO sample extended case study developed for the site, available at
http://www?2.astronomicalheritage.net/index.php/show-
entity?identity=000059&idsubentity=005

V. Status of Site Protection
The AURA-O site is protected at several levels.

First and foremost, the site is actively protected by AURA-O itself with carefully controlled
access to the property. Access to the site by motor vehicles is limited to a single point,
labeled “Puerta” in Figure 4. This gate is controlled by a guard 24 /7, and only authorized
personnel (including authorized visitors when applicable) are allowed past this point. This



protection has shielded the property from development and general use, leaving it as an
almost pristine environmental preserve. There are however about ten families that have
access to the property. These people live in widely separated dwellings in a few of the
valleys on the property, without electrical connections, pursuing simple lives grazing small
herds of goats and growing small quantities of produce.

The AURA-O site is also a legally-protected zone, having been declared an “Area of Scientific
Interest” by the Chilean government in 1977 (Decreto Supremo No. 99 de 1977, see
Appendix 3a). This prohibits mining on the property, even of a purely exploratory nature.
Such mining can only be carried out if specifically approved by the President of Chile.
AURA-O methodically checks all mining claims in the region to ensure that none cross onto
the property, and notifies the authorities if and when they occur. Usually this notification is
sufficient, but AURA can immediately appeal to the Chilean government very early in any
potential approval procedure if the mining claim is pursued. Only one such appeal has
been required during the entire 50+ years of the observatory’s existence. An effort is
currently underway, working with support from the Chilean Ministry of Foreign Affairs, to
expand the coverage of the area protected well beyond the actual property boundaries, in
order to further protect the site from mining and the associated potentially damaging
effects.

More broadly, the AURA-O site is surrounded by a large buffer zone of protection under
lighting regulations issued by the Chilean government. These lighting regulations cover the
three regions of northern Chile that host major international observatories, the regions of
Coquimbo (where our site is located), Atacama, and Antofagasta. The first lighting
regulation, or “norma luminica”, was published in 1999 (Decreto Supremo No. 686 de
MINECON de 1998, see Appendix 3b). This “norma” stated that lighting must be shielded,
and encouraged the installation of astronomy-friendly lighting such as high-pressure
sodium in most municipalities. More recently, the Chilean government published a revised
“norma luminica” (Decreto Supremo No. 043 de 2012, MMA, see Appendix II) from the
Ministry of the Environment that was signed by the President of Chile and published in
May, 2013. This most recent decree takes into account spectral restrictions for street
lamps as well as requiring such lighting to be mounted in full-cutoff mounts. Luminous
billboards are now also subject to lighting restrictions.

The darkest (solar minimum) sky-background conditions in the proposed sanctuary area
are estimated to correspond to about V=21.9 magnitudes per square arcsecond at the
telescopes and over all of the property further than about 2 km inside the main entrance.



(Credit: Arturo Gomez & José Veldsquez/CTIO)

Figure 6: View of night sky from Cerro Tololo in directions away from nearby cities.

Figure 7: Zodiacal light setting over CTIO, illustrating the darkness of the sky.
(Photographs courtesy Roger Smith)

VI. Current & Future Threats

The threats to the proposed sanctuary are not unique nor surprising. There is general
development around the site due to the growth of the nearly merged cities of La Serena and
Coquimbo. These cities are located roughly 60km to the west of the telescopes on the
AURA-O property and have been expanding in population at a rate of about 25% per
decade. The La Serena/Coquimbo area may soon qualify as a metropolis, i.e., a population
center of over half a million people. Figure 8 also shows lighting from the La
Serena/Coquimbo metropolitan area, as well as sources closer that may also pose a threat.
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Figure 8: A deep photograph of the skyline from the top of Cerro Pachdn (the highest
mountain on the site). The possible future threats to the dark skies of the proposed
sanctuary include the smaller towns of Andacollo (33 km away) and Vicufia (22 km away).

View from the LSST site.
(Photo: Malcolm Smith, 2009)

Figure 9: Another threat to the site is the town of Ovalle, 59 km away, which is also
developing rapidly.
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The most recent refereed and published monitoring effort is that by Kriscuinas et al. 2010,
P.AS.P,, 122,373-377. This paper shows that broad-band light pollution does not
significantly affect the sky more than 15 degrees above the horizon at Cerro Tololo
Observatory (Figure 10). More extensive discussion of this result, along with SQM zenith
measurements from the summits and over a large area of the property are given later in
this proposal.
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Figure 10: V-band sky brightness ration over La Serena, compared to zenith values.

VILI. Strategies to Protect the Night sky over AURA-O and the Buffer Region

To date, lighting improvements have served to mostly cancel out the effects of greater light
demand associated with growth in population, so that research with the telescopes has not
been noticeably affected. It is easy to forget, however, that in the late 1960s, one could see
the Milky Way quite clearly from the central square of La Serena. We do not want to repeat
what happened to Mount Wilson and Mount Palomar. We know that we cannot relax. This
is one of the reasons why we truly welcome the opportunity to apply to the IDA to be
considered for the IDSS designation. Even two decades ago, we had begun working with
the local mines to encourage quality lighting. Beginning with Andacollo, where the mine
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worked interactively with us on the telephone to aim their lights down below the
horizontal, we have achieved some successes and have an excellent reputation for working
with the mines, municipalities, and other partners in this effort. The still faint glow above
the necessary lights at mining developments can, however, still be seen from all the major
international observatories currently functioning in Chile.

AURA-O has been proactive in working with private and governmental partners on
encouraging quality lighting. An Environment Agency (CONAMA) was first set up in Chile
in 1994, At that time, AURA-O was advised that a “norma luminica” could be accelerated
through the initial legal framework if it served as an example for dealing with a “secondary
source of pollution” and was reasonably simple to implement. The resulting initiative
culminated in the first lighting regulation for Chile, specifically covering only the three
regions of northern Chile with major astronomical observatories. This “norma” was
established in 1998 by Decreto Supremo No. 686/1998. Only partial-cut-off lighting was
required and no spectral limitations were imposed at that time. Sodium lighting was
recommended, but it was soon found via initial, small-scale, test projects - involving about
30 low-pressure sodium (LPS) lamps - that supplies of LPS lamps to Chile were not reliable
in terms of useful life. The municipalities were advised by AURA-O to allow HPS lamps, and
these were widely adopted.

After the above mentioned regulations were established, AURA-O collaborated with
CONAMA and the other major international optical observatories in Chile (ESO and
Carnegie/Las Campanas) to establish the “Oficina de Proteccion de la Calidad del Cielo del
Norte de Chile” (OPCC), which has as its mission to support the implementation and
enforcement of the lighting regulations. The OPCC advocates appropriate lighting,
conforming to the regulations but also serving the public needs. It acts as consultant on a
wide variety of lighting projects, from proper municipal street lighting to appropriate
lighting in active open-pit mines. AURA-O continues to oversee the OPCC, providing
funding (together with the other international observatories), accounting services, and
high-level management oversight. The OPCC now counts on sponsorship and collaboration
not only from the Chilean Ministry of Environment (“Ministerio de Medio Ambiente”, or
MMA, which grew out of the original CONAMA), but also from the Ministry of Foreign
Affairs, which manages all relations between the international observatories in Chile and
government entities.

Given over a decade of experience with the original norma, and an imminent threat of blue
LED lighting, work was put in place around the time of the International Year of Astronomy
to introduce new, more stringent requirements. Full cutoff lighting is now required by the
new norma luminica that was adapted (D. S. No. 043, 2013 MMA), along with spectral
restrictions on the percentage of blue light allowed. These new regulations are exemplary
in their control of the color temperature of outdoor lights and in their advocacy of full
cutoff lighting. However, the new regulations are quite new, and as mentioned in the
Chilean President’s speech, the measurement and enforcement procedures are just now
being worked out. As we have been doing for almost two decades, AURA-O continues to
work with all levels of government in Chile through the OPCC, and for matters affecting the
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AURA-O property, AURA-O works directly with the national, regional, provincial and
municipal governments.

An important element of AURA-O’s strategy in promoting dark skies has been to work with
local municipalities and tourist organizations to encourage the development of astro-
tourism. As previously mentioned, NOAO/CTIO contributed the telescope and dome for the
first municipal observatory in Chile, Mamalluca, in nearby Vicufia. With the success of that
endeavor, which was soon overwhelmed by demand for public viewing, other
entrepreneurs followed suit, quickly making the Elqui Valley the prime destination for
astro-tourism. There are now more than eight municipal or touristic observatories in the
region, not counting the smaller telescope installations operated by hotels and at campsites
throughout the valley. AURA-O has worked with and encouraged most of these touristic
initiatives, including NOAO/CTIO’s support for training for astro-guides in collaboration
with a local university and Gemini’s support for materials at the observatories and
providing venues for broad public exposure to their missions and their activities.

Figure 11: The first municipal observatory of Chile, Mamalluca, just outside of Vicufia. The
observatory was founded in 1994 with support from AURA-O, and has become a major
touristic nighttime destination. The observatory is within sight of the AURA Observatory.
(Image license under CC BY-SA 3.0 via Wikimedia Commons).
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Observatorio Collawara - inaugurado
por el (entonces) Presidente de Chile.

Figure 12: The touristic Collawara Observatory near Andacollo is shown. During the
dedication of it in 2004, which was attended by then President Lagos of Chile (himself an
amateur astronomer), the Chilean Minister of the Economy praised the economic model
that had been stimulated via this cooperation between the local communities and AURA.
The observatory is within sight of the AURA Observatory. AURA helped the locals select the
observatory site, and supports the training of observatory guides and provides some
astronomical equipment such as eyepieces and star atlases to the observatory.

More information about the touristic observatories within 100km of the AURA-O site can
be found at: http://www.ctio.noao.edu/noao/content/Astro-Tourism-Chile

VIIL Interpretive and Education Programs Related to Dark Skies/Natural Darkness
The Education and Public Outreach Group at Cero Tololo Inter-American Observatory has a
broad-ranging EPO program with a strong emphasis on dark skies education. This EPO

program is described in general at

http://www.ctio.noao.edu/noao/content/NOAO-S-EPO-Programs

The program includes an active year-round Globe at Night program, the distribution of
dark skies teaching kits developed at NOAO-North to classrooms, the training of teachers
on dark skies issues, a course for teachers and students on light spectra and the types of
lighting, and a traveling planetarium program that covers key dark skies issues. The
observatory has been active in a training program for guides at touristic observatories and
also offered supplemental training on conducting binocular-based programs in
collaboration with them.

The most recent outreach work of NOAO/CTIO includes a strong education program

related to dark skies for eco-tourism with the organization El Centro de Estudios
Avanzados en Zonas Aridas (CEAZA), The Center for Advanced Studies of Arid Zones. The
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CEAZA project has conducted numerous training sessions in the coastal areas immediately
north of La Serena, Chile devoted to dark skies and the role of dark skies for sustainable
tourism in Chile. NOAO has also been instrumental in creating a small astronomy teaching
center/science center called the Centro de Apoyo a la Didactica de la Astronomia (CADIAS)
located at the entrance to the Elqui Valley, where the observatories are located. CADIAS
serves as a visitors’ center and also supports a Chilean public library well-stocked with
astronomy education materials and books. The NOAO/CTIO EPO program has a large set of
sky quality meters available for loan for educational use. NOAO/CTIO also works with the
Fray Jorge Biosphere Reserve to the south of La Serena, which has been declared a Starlight
Reserve.

There are plans for the International Year of Light 2015 Quality Lighting kits to be
translated into Spanish and used for teacher professional development in Chile. These kits
will also be distributed worldwide through NOAO’s partners IDA, SPIE-The International
Society for Optics and Photonics, CIE - The Commission Internationale de 1’Eclairage/The
International Commission on I[llumination, and the Optical Society of America Foundation.

The Gemini South Public Information Office (PIO) has also developed interpretive and
education programs related to dark skies. The Gemini South program is described
generally at:

http://www.gemini.edu/pio/?q=pio

Gemini’s outreach program also includes a component regarding preservation of dark skies
and wise illumination practices, which help avoid waste of energy and money. From the
start of the highly successful (inflatable) Mobile Planetarium program more than a decade
ago, it has provided a portable, practical guide to the skies for schools throughout the
AURA-O buffer region. During the presentations, the planetarium operator shows what
happens to the night sky as one comes into towns and cities from the countryside - by
slowly turning up the lights so that the star images in the planetarium sky start to
disappear.

Most recently, Gemini has been moving to incorporate the latest public-school curriculum
that the Chilean Ministry of Education has approved in its planning. Once these plans are
known in detail, Gemini will be able to design a program relevant to light in all its aspects
(more specifically, the preservation of dark skies, light pollution, how it affects people’s
health, the environment, animals, birds, insects, sea turtles etc.). This program will use as a
basis much of what emerges from the celebration of the International Year of Light this
year. Finally, Gemini takes care to include the Director of the Office for the Protection of the
Skies of Northern Chile (OPCC) in its various annual events.

IX. Dark-Sky Measurements: Historical and Ongoing
(a) Baseline, 2008
The measurements made from the summit of Cerro Tololo in December, 2008, using a CCD

camera and a customized small telescope, capable of measuring V magnitudes down to
within 5 degrees from the horizon, were published in a refereed journal in 2010
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(Kriscuinas et al. 2010, P.A.S.P., 122, 373-377). Figure 10, taken from that paper, shows
that the sky background from 15 degrees over the horizon up to the zenith - even in the
azimuth direction of the strongest source of light pollution (the La Serena/Coquimbo
metropolitan area) - was consistent with no significant broad-band light pollution above
zenith distance 75 degrees and a sky background level of V~21.8 magnitudes per square
arcsecond.

(b) SQM-L Measurements Over the AURA-O Property

Measurements of zenith sky background have been made repeatedly at various locations
throughout the site. The most extensive set were taken on a photometric night in March
2010 using Sky Quality Meters (SQM-Ls) at the mile markers going up the road from the
observatory gate entrance in the Elqui Valley up to the summits of Cerro Tololo and Cerro
Pachén. Repeats of these SQM-L measurements made in April and May 2015 show no
significant change between the values taken in January and March 2010. For example, on
Cerro Pachon, near the SOAR telescope, with the galactic anticenter overhead, raw readings
taken three times at the same site at 6 degrees C were 21.34, 21.34, 21.41 magnitudes per
square arcsecond, which agree remarkably well with the January and March 2010 values.

For the purposes of this proposal, we include a summary of only the 2015 measurements in
tabular form (Table 1) with the locations within the AURA-O property shown in Figure 13.

Table 1: SQM-L Measurements made in April and May 2015 along the road to the summits
of Cerro Tololo and Cerro Pachon. The SQM-L measurements are generally an average of
between 3 and 7 measurements at slightly different points in the sky. For most these
measurements, the Milky Way was directly overhead, so a correction of approx. 0.4 is
appropriate, as shown in Figure 14. Thus the AVERAGE corrected SQM-L value for dark sky
at the site without Milky Way contamination is approximately 21.8 magnitudes, which
corresponds to a V-magnitude of about 21.9 at solar minimum.

Location # South West AVG SQM-L
1 30.089750 | 70.836972 |21.39
2 30.194056 | 70.818917 | 21.45
3 30.195806 | 70.779889 | 21.43
4 30.179583 | 70.794406 | 21.41
5 30.169167 | 70.806389 | 21.45
6 30.228611 | 70.772556 | 21.37
7 30.250167 | 70.739750 | 21.37
8 30.238167 | 70.733806 | 21.36
9 30.182472 | 70.840278 | 21.40
10 30.140260 | 70.854400 |21.42
11 30.116111 | 70.860972 | 21.39
12 30.073028 | 70.816500 | 21.40
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Figure 13: Sites of the 2015 SQM-L masurements.

(c) Preference for SQM-L over SQM and Corrections Applied to Raw Readings

The SQM units have large fields of view and therefore their measures of background sky
brightness often need correction for at least the presence of stars and the Milky Way in the
measurement beam. The SQMs used in our site characterization have beams with FWHM
~20degrees (SQM-L, #2791) and ~ 80degrees, (SQM, #1277). Figure 14 shows what
happens when the two devices are mounted looking at the zenith when the galactic
anticenter (with Sirius and other stars) passes through the beams. At peak flux, the reading
is about 0.4 magnitudes per square arcsecond brighter in the SQM-L beam (filled with the
light from the Milky Way) compared with the readings taken when the Milky Way has
passed out of the beam. This contrast is much smaller in the 80 degrees SQM beam (which
has fainter, background light in much of its beam even when the Milky Way is in the center
of the beam). Additional tests using the Dark Sky Meter App on an iPhone5 showed good
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agreement with the SQM-L values, so we have stopped using the SQM, relying now only on
the SQM-L.

21.8
21.7
21.6
21.5
214

==0=SQM-L

21.3
=i=SQM

21.2

SQM & SQM-L Measurements

211

21
0:00 2:00 4:00 6:00 8:00 10:01

Time after Sunset

Figure 14: Comparison of Sky-Quality Meters in January 2010 as the galactic anticenter
passes through their beams. SQM (red) has a field of view (FOV) of ~80 degrees, so the
effect of the Milky Way passing through its beam is diluted (see text). The SQM-L (blue)
has proved more sensitive, with its FOV ~20 degrees, as the Milky Way passage is much
more pronounced. Based on these readings, we estimate that SQM-L readings pointed near
the Milky Way need a roughly 0.4 mag correction to correspond to “dark sky”
measurements. About 9 hours after sunset, the brightening effect of dawn starts to appear
in the field of view of both detectors.

To convert the SQM and SQM-L measures shown in Table 1 and Figure 14 to V band, add
very roughly 0.13magnitudes per square arcsecond (Falchi, 2011, MNRAS, 412, 33-48). The
first blue point in Figure 12 at about 2 hours after sunset corresponds to an SQM-L reading
of about 21.75, i.e. V~21.88 magnitudes per square arcsecond.

To relate the measurements between the summits of Tololo and Pach6n with those taken
along the roadways, the SQMs were used in the same part of the Tololo summit used for the
work by Kriscuinas et al. in Dec 2008, and gave consistent readings.

These measurements were taken in 2010, after solar minimum had passed. The darkest
(solar minimum) sky-background conditions at AURA-O are estimated to correspond to
about V=21.9 magnitudes per arcsecond at the telescopes and over all of the property
except for an area within about 2 km from the main entrance, which is near the main road
up the Elqui Valley.
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Additional measurements using IDA’s Night-Sky Brightness Monitors (NSBM) were taken
from the summit area of Cerro Tololo during the period 2010-2013. AURA-O served as the
southern-hemisphere site used for beta-testing the NSBMs. After a year of superb data
taken at the summit of Cerro Tololo (all delivered with the help of the IDA, directly to its
website), as good as any from the sites being tested (e.g., Figure 15), the device began to
prove too unreliable for continuous use.

Cerro Tololo Inter-American Observatory (Unit 28)
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Figure 15: NSBM readings taken in March/April 2014, a few months before its unreliability
became significant. Red=detector pointed at zenith. Blue=second detector pointed to the
sky over the La Serena/Coquimbo conurbation (zenith distance 60 degrees, azimuth 309
degrees). Green = Moon elevation. The moon starts to obviously affect the data from the
second detector (blue curve) at the beginning of the last two nights. Earlier in that week,
one can see the effect of the passage of the setting Milky Way over La Serena/Coquimbo.

AURA-O is committed to continuing to monitor the status of the skies above the site. The
skies will be monitored on an annual basis with SQM measurements at the same or similar
locations used for the 2010 and 2015 measurements. In addition, we will pursue
reinstating the NSBM monitoring program as soon as we can obtain reliable units again,
and will submit the data to the IDA. Finally, we are pursuing multiple avenues for the
development of active, all-sky camera monitoring of sky brightness on a daily basis. The
LSST project has installed a new all-sky camera to measure twilight and sky brightness as a
function of lunar phase as well as distance from the moon. We will work with LSST to
investigate the use of these data for long-term sky brightness monitoring. We also hope to
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collaborate with other international observatories, as well as the IDA, to develop a
standardized all-sky brightness measurement system that could provide measurements
across the sky, both in altitude and azimuth. Such a system will not only be useful for
monitoring all dark-sky sites, but will also be useful for identifying local threats early so
that we may work with the communities to ensure the protection of our dark skies.

X. Lightscape Management Plan

A full version of the Lightscape Management Plan is in Appendix 2. Key features of this
Lightscape Management Plan are:

A) The written policy meets or exceeds applicable local governmental policies regarding
outdoor lighting and conforms to all local, regional, and national laws.

B) The plan stipulates minimum use of light only when it is needed, where it is needed,
and in the appropriate amount for the identified task.

C) All of the outdoor lighting fixtures must be fully-shielded and timers and motion
sensors are encouraged to control them where appropriate.

E) The correlated color temperature of installed lighting shall not exceed 3000K.

F) The RASC/IDA Guidelines for Outdoor Lighting (GOL) are met or exceeded for the
lighting throughout the site.

XI. Lighting Inventory and Plan for Compliance

For the majority of the geographic area of the proposed sanctuary, there are simply no
lights. The 40 km road from the entrance to the summits of both Cerro Tololo and Cerro
Pachon is unlit. The lights described below are located only in the operational support
areas of the Observatory, such as the dormitories and areas near the cafeteria, for example.

The lighting inventory conducted for the sanctuary has identified the classes of lights, the
degree of shielding, and the level of compliance with our LMP and (more generally) good
lighting practices, such as those defined in the The Royal Astronomical Society of
Canada’s/IDA Guidelines for Outdoor Lighting (GOL). The two tables below describe the
location and nature of each light source (Table 2) as well as illustrate the nature of each
type of luminaire and bulb type (Table 3, 16 types). We identify a total of 75 outdoor lights,
of which 63 currently meet the standards of the LMP (84% compliance to date), including
various units that have been disabled (lights that were infrequently or never used that we
decided to disable by cutting their power until such time as we replace them with fully
shielded units or simply eliminate them). Almost all exterior lights are normally turned off
after astronomical twilight, as we have always tried to eliminate all outdoor nighttime
lighting during telescope observation periods.
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It should be noted that many older lights in the proposed sanctuary area are broken,
disabled, or simply not used. Since the observatory has been in operation for nearly half a
century there are a significant number of these inoperable “legacy” lights. An initial
assessment of these lights has already been done. They have been identified and future
action will be to direct maintenance and facilities personnel to remove most of them.

As stated in our Light Management Plan, we are committed to removing or replacing all
non-compliant lights within five years (aiming for 100% compliance in 5 years), with a
major effort to be undertaken in 2016 starting with a much more detailed analysis of the
lighting. This detailed analysis will include both an analysis of the needs around the site,
mostly driven by safety, and a systematic study to eliminate or modify all non-compliant
lighting so that we can be an example for other sites. This study of all lighting will be
undertaken for the AURA-O proposed sanctuary site during 2016 under the supervision of
Dr. Malcolm Smith and Pedro Sanhueza. Their report will describe in detail all of the
outdoor lights in the proposed sanctuary area and will include recommendations to
improve or eliminate those that are unnecessary or non-compliant. This study will be
similar to the one recently done at NOAO headquarters in Tucson with advisement
provided by the IDA.

Furthermore, the study will look for lights that do not appear to be adequate examples of
good lighting, even though they may be in compliance with the LMP and generally accepted
good lighting practices. Examples of such lights include those under the roofs of outdoor
corridors, which are shielded by the roofs, but do not serve as good examples of fully
shielded luminaries. We realize that the perception of good lighting is important, and will
work to create an example of good lighting practices above and beyond the standards we
set in the LMP. We view the study effort and its implementation as an opportunity to
upgrade and improve our lighting with safety, color, and night-sky brightness in mind, per
our LMP policies.

We plan to leave a few very old inoperative lights in visible locations where they can be
used as illustrations of unshielded or poor quality lighting. However, as previously
mentioned, we are planning on removing most of these poor quality, non-working legacy
lights in order to not give the impression to day-time visitors that we still ever use these
lights.

Our major contaminant on the observatory mountain tops is lights leaking from interior
rooms through windows that are incompletely or incorrectly covered. As part of our
efforts to ensure compliance with the LMP, we will also launch a campaign of both
identifying badly installed window coverings and educating our on-site staff about the
importance of shielding windows to ensure no light escapes.
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Table 2: AURA Property Lighting Inventory for Proposed Sanctuary

Location Light | Fixture Fully Special Application Conformity
Shielded | Purpose with LMP
(<500 initial
lumens)
Main Access A 2 HPS pole YES NO Road Illumination, YES
(Control Puerta) fixture, 100 W Ocasional use

B 4 incandescent YES NO Building egress YES
lamp, 15W

C changed bulb, now type B YES NO Building wall YES

Green Dorms at D 11 Wall mount fixtures, Under YES Corridor, Yes,

Cerro Tololo 15W red lamp roof under roof shielded

(10 unidades) and white cover by roof

Tololo Houses E 2 Colonial style Wall mount, NO NO Wall mount outside Yes,

(casas Tololo) lamp on roof of luminaire entrance and back disabled
60W White Incandescent patio

F 5 Colonial style Wall mount, YES YES Wall mount outside Yes
lamp inside roof of luminaire, entrance and back patio
15W red incandescent

G 6 Colonial Style Wall mount, NO YES Wall mount outside Yes,
lamp on base of luminaire, entrance and back disabled
15W red incandescent patio

Las Tacas offices D 3 Wall mount NO YES Building egress NO
fixtures, 15W red
lamp and white cover

Tololo casino H* 3 wall mount fixtures NO YES Building egress Yes,
horizontal and opposite (not in
lamps, 40W incandescent use)
(6 lamps, all bad/not in use)

I* 2 Appleton White 25W NO YES Parking lot and Yes,
incandescent fixtures Stairs (not in
(not in use, one covered use)
with aluminium layer)

Tololo dorms D 14 Wall mount fixtures, Under YES Corridor, under roof Yes,
15W red lamp and white cover | roof shielded
by roof
Pachon casino ] 3 semi turtle fixtures for NO NO Stairs NO
stairs, 60 W White
20 Unidades K 1 colonial style fixture. NO NO Building egress NO
100 W Incandescent opal white

L 2 colonial style fixture, NO NO Building egress NO
60 W white incandescent

M 1 Colonial style fixture, NO YES Building egress NO
15 W red incandescent

Pachon dorms N 1 turtle Wall mount NO NO Stairs NO

ALO Building (behind | O 1 turtle Wall mount, fully NO YES Corridor NO

Pachon dorms) unshielded, 15 W red light

Tololo Telescopes P* 9, embedded in wall, YES YES Building egress YES,
internally shielded (not in
7,5 W red incandescent use)

D* 4 wall mount fixtures, NO YES Building egress YES,
15W red incandescent (not in
long ago disabled use)

H* 1 wall mount fixtures NO YES Building egress YES,
horizontal and opposite (not in
lamps, 40W incandescent use)

long ago disabled
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Table 3: Characteristic Lighting Types, Color, Wattage, and Luminous Fluxes

Ilustration - Luminous
Label Description Flux (Im)
Lamp Type
A SAP 100W 10500
| == I
. Lamp Type
B 60 W Transparent 715
Incandescent
Lamp Type
B 60 W Incandescent 644
frosted
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Lamp Type
80W Incandescent
PAR 38
(bulb removed
during proposal
development)

2000

Lamp Type
15W Red
Incandescent

<200

Lamp Type
15W Red
Incandescent

<200

Lamp Type
60 W Transparent
Incandescent

715
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Lamp Type
15W Red
Incandescent

<200

Lamp Type
15W Red
Incandescent

<200

2 Lamp Type
40W Transparent
Incandescent

415

2 Lamp Type
40W Incandescent
Transparent

415
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Lamp Type
25W Incandescent
frosted

200

Lamp Type
25W Incandescent
frosted

200

Lamp Type
60W Incandescent
OPAL

644

Lamp Type
100W Globe
Incandescent
frosted

890

Lamp Type
15W Red
Incandescent

<200
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Lamp Type
60W Incandescent
frosted

644

Lamp Type
75 W Transparent
Incandescent

890

Lamp Type
60W Incandescent
frosted

644

Lamp Type
15W Red
Incandescent

<200

Lamp Type
15W Red
Incandescent

<200
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XII. Conclusion

The proposed “Gabriela Mistral IDA Dark Sky Sanctuary” represents an enormous
opportunity to create and preserve a truly exceptional place, in terms of its historical,
scientific, environmental, and cultural values. The dark skies of this area are renowned not
only in South America, but are considered one of the most important dark sky locations in
the world. This proposal has outlined AURA-Q’s sincere and passionate commitment to
dark skies in general, our further commitment to understanding the details of our
illumination systems already in place, and our plan to pursue a long-term effort to improve
the sanctuary area as well as the surrounding region. We have documented the existing
night sky brightness levels and developed an understanding of the potential threats to the
long-term preservation of these marvellous skies.

Although the sanctuary location itself is somewhat isolated, AURA-O has been highly
proactive in reaching out in all directions from the sanctuary with our educational
programs and partners. We have teamed with schools, universities, government programs,
the touristic observatories, and private foundations in order to promote the broad message
of dark sky awareness. We are very proud of our outreach efforts and their impact. AURA-O
has also been an excellent partner and supporter of the ecotourism movement in northern
Chile. The touristic observatories of the region are famous for their large numbers of
visitors and their educational impact. Indeed, we hope (and plan) that the designation of
this dark sky sanctuary will be catalytic in the further growth of this important industry in
Chile.

This plan also furthers the protection of the nocturnal habitat for animals and plants in the
El Totoral Reserve and the surrounding region. It encourages private landowners as well
as government organizations in the Elqui Valley and the larger Region of Coquimbo to
recognize the value of our dark sky resources and to continue in a proactive conservation
effort. The international recognition that this designation will bring will certainly have a
most positive and sustained effect on illumination planning and regulation in northern
Chile.

By accepting this proposal from AURA-O, the future Gabriela Mistral IDA Dark-Sky
Sanctuary in Chile will continue to help our organization to expand and support the
protection of dark skies over northern Chile. This will be advantageous to the protection of
the environment and to astronomical research, and indeed will reinforce the efforts of the
IDA in South America in both of these areas. We look forward to a positive response from
the IDA to our proposal, with the sincere hope that the creation of the Gabriela Mistral IDA
Dark Sky Sanctuary can occur soon.
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Appendices

Appendix 1: Letters of Nomination

1a: Letter of Nomination by IDA qualified nominator Malcolm G. Smith
(see attached file: Ala_LetterMGS.pdf

1b: Letter of Nomination by Sanctuary administrative authority, R. Chris Smith
(see attached file: A1b_LetterRCS.pdf

Appendix 2: AURA Observatory Lightscape Management Plan (LMP)
(see attached file: A2_AURAO_LMP.pdf)

Appendix 3: Chilean Regulations Protecting the AURA Observatory Site and
surrounding regions

3a: Decreto Supremo No. 99 de 1977, declaration of AURA-O site as “Area of Scientific
Interest” by the Chilean Government
(see attached file: A3a_Decreto99_1977.pdf)

3b: Decreto Supremo No. 686 de 1998, the 1998 Chilean Lighting Regulation (“Norma”)
(see attached file: A3b_Decreto686_1998.pdf)

3c: Decreto Supremo No. 043 de 2012, the 2013 Chilean Lighting Regulation (“Norma”)
(see attached file: A3c_Decreto043_2012.pdf)

Appendix 4: Letters of Support

4a: Letter from the Chilean Ministry of Foreign Affairs (MFA), on behalf of the Chilean
Government
(see attached file: A4a_Letter_ChileanMFA.pdf)

4d: Letter from the Program Officer for the Chilean-based office of the U.S. Air Force Office

of Scientific Research (AFOSR)
(see attached file: A4d_Letter_AFOSC.pdf)

30



Appendix 1a: Letter of Nomination by IDA qualified nominator Malcolm G. Smith
(see attached file: Ala_LetterMGS.pdf



John Barentine CTIO, Colina el Pino, s/n
International Dark-Sky Association Casilla 603, La Serena, CHILE
Tucson, Arizona, USA

20 May, 2015,
Hi John,

Following our recent correspondence, | am hereby initiating this
IDSS Nomination as an IDA Lifetime Member (who, was an at-large
IDA Board Member for almost a decade and in 2012 the recipient of
the IDA's David Crawford Lifetime Achievement Award). | have
been involved over the last couple of decades in a team effort at
our observatory to provide a professional example for the protection
of the skies of northern Chile.

Yes, it has gone well, but we cannot relax. Therefore, as you can
imagine, we are particularly excited to have the encouragement of
the IDA and some of its Board members to make this attached
Application for consideration of the AURA Observatory in Chile as
the first IDSS.

| hope you and the IDA Board will see from our application that the
AURA-O is a special place that we are doing our best to look after.

UNESCO and the Chilean government are also taking seriously the
AURA-O initiatives to protect the cultural aspects of major mountain-top
observatories under dark skies as a heritage for mankind. AURA, as an
organization, is giving us particularly strong support via its AURA-O
Director, Chris Smith.

We work quite closely with the other major observatories in Chile,
via the Oficina para la Proteccion de los Cielos del Norte de Chile
and its director, Pedro Sanhueza.

On a more personal note, this place is where, for example, as a
young professional astronomer arriving at Cerro Tololo, | first saw the
zodiacal light (and | must confess that it was so bright that, as we came up
to the summit of Cerro Tololo, | thought it must be light pollution coming
from somewhere behind the 1.5m telescope! Figure 7] of this application
catches part of that wonder that | had, when | realized that the bright
"light pollution" was setting and the galactic plane was so prominent,
seen moving towards the zenith in these southern skies.

| hope you and the IDA Board will be able to derive from this
document not only the formal, quantitative information you need to assess
this Application, but also behind it all a feeling for the passion our group of



4 authors has for protecting this amazing place. Increasing numbers of
professional astronomers arrive here from the United States and other
"developed" countries who have not even seen the Milky Way with their
naked eyes.

The thrill of this kind of activity stretches out now as our group has
reached out to hundreds of school teachers, who in turn reach out to
thousands of school children in Chile (and now to other countries who are
showing interest). Our local outreach group has grown from 7 local
schools.

We benefit closely from the active, strong support of the truly
excellent NOAO-north group in Arizona, which is led by Steve Pompea
(our fourth Application-group member) and includes Connie Walker.

From an initial reaction from authorities in the mid 90s along the
lines "listen gringo, if you want fancy lights here, buy them yourself!" we
have had praise from Presidents of Chile and a Minister of the Economy
has remarked positively in a speech about how our economic model for
astrotourism has created employment in towns and villages in the area.

The first community to start to take us seriously is Vicufia. That is
only one more of the many reasons why we would like to recognize our
debt to the people of the Elqui Valley who worked with us from those early
days - by naming the DSS "IDA, Gabriela Mistral, International Dark Sky
Sanctuary".

We have always had strong backing from the IDA. | hope this is
going to prove yet another new and significant step forward together in our
working relationship, which | honestly believe will help the IDA as well as
the AURA-O. Much more important even than that is that an IDA IDSS
Designation will help our joint efforts to protect other dark sky places - in
this area and around the world - for humanity.

Obviously, if you have questions that anyone may have after reading
the attached Application, | know you will not fail to let us know and we will
get back to you as soon as possible.

Thanks, yet again, John for all the help and support that IDA
continues to give us all.

Saludos desde Chile.
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Malcolm G. Smith (Astronomer).



Appendix 1b: Letter of Nomination by Sanctuary administrative authority, R. Chris Smith
(see attached file: A1b_LetterRCS.pdf
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- - Casilla 603
AURAQ The AURA Observatory in Chile s ci
Fax: (56) 51-2205356
May 21, 2015

John Barentine
Program Manager
International Dark-Sky Association

Dear John,

As Director and Head of Mission of the AURA Observatory in Chile (AURA-O), I am writing to
support the nomination and proposal that the AURA-O site located in the Elqui Valley of
northern Chile be designated as an International Dark Sky Sanctuary, and express our
institution’s commitment to the statements and policies made in the proposal as well as our
ongoing commitment to preserving the dark skies in the region around the site and around the
world!

The AURA-O site was purchased in November 1962 for the express purpose of establishing the
first major international observatory in Chile, the Cerro Tololo Inter-American Observatory.
Since that time, the site has been actively protected as a natural preserve. The roughly 90,000
acres of land only has a few acres of developed areas, consisting of the observatory facilities atop
Cerro Tololo and Cerro Pachon. The rest of the area has been preserved as a buffer zone for the
observatory, as well as a largely untouched natural preserve protecting not only the observatory
and its world-leading nighttime observations, but also the flora and fauna within the property.

Since the early 1990s, AURA-O and many of its staff here in Chile have been leaders in the
development of the message about protection of the dark skies in Chile and the world. Staff
scientists and observatory directors including Malcolm Smith, Mark Phillips, Hugo Schwarz,
Alistair Walker, and others led in documenting the impacts of light pollution as well as in
building a working relationship with the governmental authorities at the local, regional, and
national levels in order to protect the skies over the Elqui Valley. In turn, the Chilean
environmental authorities responded, both by establishing a first set of lighting regulations in
1998 and by founding an organization in collaboration with the international optical
observatories in Chile to promote the protection of the quality of the night skies in northern
Chile, the “Oficina de Proteccion de la Calidad del Cielo del Norte de Chile”, or OPCC, led by
Pedro Sanhueza (formerly a staff member of the Chilean environmental protection agency).

With this proposal to become an International Dark Sky Sanctuary, AURA-O signals its pledge

0

to continue its work in the protection of dark skies in the region. We are committed to
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implementing a rigorous lighting plan that will not only be useful in preventing local light
pollution from affecting the extremely sensitive astronomical observations made nightly from
our mountaintops, but that can also be used as an example of good lighting practices for other
facilities and communities in the region. We are also committed to continuing our efforts in
education and public outreach, both through our work with teachers and students in the region as
well as through major public events such as Globe at Night and AstroDay. We will continue to
work with Chilean authorities at all levels to promote the protection of the skies as a natural
resource and a national patrimony that all Chileans share and need to protect for future
generations. We hope that the designation of the AURA-O site as a dark sky sanctuary will help
us further these commitments, and help us generate momentum to spread the protection to other
nearby sites and communities, encouraging them to follow up with proposals for additional Dark
Sky Places in the region.

In closing, I would like to thank you for your help first in developing the outline and timetable
for this proposal, and then later in reviewing the documentation and providing guidance for a
complete proposal. We hope for a positive review by the DSPC, and we look forward to
continuing to work with you and the IDA in the protection of dark skies in Chile and around the
world.

Sincerely,

A C it

R. Chris Smith, Director/Head of Mission
AURA Observatory in Chile
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Appendix 2: AURA Observatory Lightscape Management Plan (LMP)

(see attached file: A2_AURAO_LMP.pdf)
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Lightscape Management Plan
for the AURA Observatory in Chile:
El Totoral Site in the Elqui Valley

1. Basic Policy Foundations of the Lightscape Management Plan

This AURA-O Lightscape Management Plan will be the governing lighting policy
document for the AURA-O site in the Elqui Valley of the Region of Coquimbo, Chile,
encompassing Cerro Tololo, Cerro Pachén, and Cerro Morado. This includes the
mountaintop telescope sites of the Cerro Tololo Inter-American Observatory, the Gemini
South telescope, the Large Synoptic Survey Telescope, the SOAR telescope, and other
smaller facilities on the property. The property is owned and operated by the AURA
Observatory, protected under Chilean law, and is subject to Chilean lighting regulations.

This policy on night-time lighting applies to the whole AURA-O observatory property —
the legally-protected area also known as the El Totoral Reserve. This policy shall be
binding upon all areas of the site, from the gate-house to the summits of Cerro Tololo,
Cerro Pachon, and Cerro Morado.

Safety is of the highest consideration for AURA-O employees and visitors and cannot
be compromised. None of these policies shall be constructed or construed as limitations
that can compromise safe operations at the Observatory. It is noted that the
Observatory functions 24 hours a day, specifically with astronomical observations
occurring all night long almost every night of the year.

This management plan is subject to regular review by AURA legal and safety teams.

2. Policy Tenets of the Lightscape Management Plan

2.1. The fundamental basis of AURA-O night-time lighting policy is to only use the
minimum light when it is needed, where it is needed, and in the appropriate amount for
safe activities in a given area. The illumination level produced by all light fixtures should
be as low as practical.

For the purposes of this policy, only functioning lights used on a regular basis are
subject to this policy. Regular is defined as daily, weekly, or monthly. Lights that are
used regularly that are not in compliance with this policy will be changed, disabled,
and/or removed as part of the long-term plan for the sanctuary. Lights that are not used
regularly (e.g., emergency lights) are exempted from this policy. In general, lights no
longer in use will be removed as this plan is put into full impementation.

2.2. This policy conforms to all local, regional and national regulations and exceeds
applicable guidelines from the Chilean lighting regulations. If there is a conflict between



Chilean regulations and this policy, Chilean law will prevail. Note: There is no identified
conflict at this time.

3. General Guidelines for Outdoor Lighting on the Site

3.1. We explicitly adopt the fundamental aspects of the 2013 Lighting Regulation as
published by the Chilean government. Aspects of the regulation that may be applicable
to our environment include:
a) All general outdoor lighting must be full-cut-off, which means 0.49cd/Klumen at
90° (i.e., no light distribution above horizontal).
b) Spectral restrictions: The spectral restriction is divided into three regulated
regions of the visible spectrum (as compared to the total light emission between
380 and 780nm): (a) not more than 15% for the range 300 to 380nm; (b) not
more than 15% for the range 380 to 499nm; and (c) not more than 50% for
781nm to 1micron.
c) lllumination is restricted to not more than 20% over the Chilean standard (NSEG
9 n71) for minimal levels in public lighting.
d) Lighting for externally illuminated signs must be installed horizontally, pointing
downward, and must also be full cut off.

3.2. Outdoor lighting fixtures with luminous flux levels of greater than 500 initial lumens
that are in regular use will be fully shielded throughout the reserve. Full shielding is
defined as emitting no light at or above the horizontal plane passing through the light-
emitting elements or optic of the fixture closest to the ground. Outdoor lights that are not
needed continuously, or that should be turned off when not needed, will be on timers or
motion sensors. Fixtures that are not fully shielded may not be used except on an
irregular, interim, or emergency basis.

3.3. Outdoor lighting of less than 500 lumens should also be fully shielded. Units that
are unshielded will not be used except on an irregular, interim, or emergency basis.

3.4. All installed outdoor lighting will have a correlated color temperature of no more
than 3,000K. A limit of 2,700K is recommended for most uses.

3.5. All special (non-emergency) uses of nhon-compliant lighting, including both greater
than or less than 500 lumens or with color temperatures of greater than 3,000K, used
on an interim basis in the reserve must be approved in writing by the AURA-O Director.

4. Area-Specific Guidelines for Outdoor Lighting on the Site

The Royal Astronomical Society of Canada’s/IDA Guidelines for Outdoor Lighting (GOL)
dated March, 2008 and adopted by IDA in November 2012 give a detailed rationale,
evidence, and guidance on night-time lighting policy that is directly relevant to this policy
and the AURA-O Lightscape Management Plan.



We have used Section 4 of the GOL as the basis for detailed outdoor lighting planning
and guidance where directly applicable, relevant, and safe. The policies set forth below
are designed to meet or exceed those described in the GOL.

4.1. Buildings

4.1.1. External lighting

All external lighting in regular use attached to or associated with offices, dormitories,
dining rooms, technical support facilities, or other buildings shall be fully-shielded (in
compliance with 3.2) and have correlated color temperature of no more than 3,000K.
This includes illumination of doorways and steps leading to buildings.

All such lighting should be turned off no later than astronomical twilight. Use of timing
circuits or motion sensors is highly recommended.

4.1.2. Interior Lighting and Windows
During day and night, interior lighting should be used only when necessary, and in
general should be turned off when rooms are unoccupied.

Window coverings should be installed on all windows, and should be used so that
interior lighting will not shine outside at any time past 30 minutes after sunset.

4.1.3. Public facilities
If any public facilities (toilets, vending machines, etc.) are installed on the site, they
should be installed in such a way that no light is emitted to the outside after sunset.

4.2. Parking Lots
Parking lots on the site shall have no night-time illumination.

4.3. Roadways and Entrances

Roadways on the site shall have no night-time illumination, except for at the entrance to
the Site (the gate house), which will remain illuminated for safety reasons with lighting
that complies with the regulations in section 3 of this document.

4.4. Pathways

Pathways around the site shall generally have no night-time illumination. Exceptions
may be granted by the AURA-O Director for areas of high traffic or for safety reasons
(for example, stairways). Lighting in these exceptions shall be close to the ground
(generally <1m), and comply with the regulations stated in section 3 of this document
(specifically full cut-off and color temperature <3000K). Use of motion sensors for these
installations is highly recommended.

4.5. Signage
Signs within the site shall have no night-time illumination.



4.6. Tower Beacons
Towers erected on the site shall not be fitted with nighttime navigation beacons or other
lighting unless strictly required by Chilean authorities.

4.7. Transportation
A major source of intermittent light pollution is related to vehicular lights as staff drive
around at night.

Around the telescopes, after astronomical twilight, vehicles shall not use headlights
unless it is fully overcast to avoid interference with observations. Conductors should
use either the flashing parking lights (emergency lights) or parking lights while driving
around the telescope areas at night.

Off summit (off the paved areas), normal headlights should be used at night for safety.

Long-Term Actions to Support the Plan

1. A comprehensive study of all outdoor lighting will be undertaken at the site to
describe all outdoor lights and to improve or eliminate any that are unnecessary. Many
older lights are broken, disabled, or not in use and will be identified for future action to
fix or remove them.

This study will be similar to the one conducted by NOAO-Tucson of its facility. The
purpose of the study at El Totoral will be to insure that the sanctuary is an exemplary
site in outdoor lighting practice and that older lights be eliminated so that tours of the
facility do not give the impression that we are using poorly shielded lights. Dr. Malcolm
Smith (CTIO) and Pedro Sanhueza, Director of the Oficina de Proteccion de la Calidad
del Cielo del Norte de Chile (OPCC), will supervise the study. Once implemented, we
will also invite local authorities to review our installations, both to ensure compliance
with the strict new Chilean lighting regulations and to serve as a model for other
installations in the region.

2. A comprehensive education program on outdoor lighting is an important part of our
long-term goal for education and outreach on quality outdoor lighting to the larger region
surrounding the sanctuary. To achieve this goal, we will use the Quality Lighting
Teaching kits being developed at NOAO for the International Year of Light 2015. We will
translate the kits and make significant numbers available for use in classrooms and
outreach programs in the Region of Coquimbo, where the reserve is located.

3. The long-term support of this reserve relies greatly upon the efforts of the Oficina de
Proteccion de la Calidad del Cielo del Norte de Chile (OPCC). It will be important for
OPCC to have the field test instrumentation, in addition to its current laboratory test
instrumentation, to evaluate any replacement lights installed in the sanctuary or in
surrounding towns. OPCC especially needs to test lights outside the sanctuary for



compliance with the new regulations. To this end, AURA-O will support the Oficina de
Proteccion de la Calidad del Cielo del Norte de Chile (OPCC) in obtaining instruments
that can be used in the field to assess the spectral distribution of a luminaire. This
instrumentation will be used for quickly measuring the color correlated color
temperature of new lighting. This field measurement capability will support the new
regulation.

An inventory of all the external illumination of the property will be kept by the
administration of the Observatory, and it will be updated on an annual basis, along with
the sky measurements taken throughout the sanctuary to monitor the darkness of the
skies.



Appendix 3a: Decreto Supremo No. 99 de 1977, declaration of AURA-O site as “Area of
Scientific Interest” by the Chilean Government
(see attached file: A3a_Decreto99_1977.pdf)

iv



Publicado en el diario oficial de la Republica de
Chile del 04 de Noviembre de 1977 m 29.943

MINISTERIO DE MINERIA

Ministerio de Mineria- Dpto. Juridico
Of. de Partes N 0 20758

DECLARA DE INTERES CIENTIFICO
OBSERVATORIO INTERAMERICANO DEL
CERRO TOLOLO UBICADO EN VICUNA, IV
REGION PROV. DE ELQUI.

Santiago 4 de Octubre de 1977-
Hoy se decret6 lo que sigue:

Num.99 Vistos la Ley NO 15.172 de fecha 7 de
Marzo de 1963 y el articulo 17 del Cédigo de
Mineria, modificado por el articulo 8 del decreto
Ley NO 1.759 de 1977; lo dispuesto en los
decretos leyes No 1y 128 de 1973 y 527 y 806
de 1974-

DECRETO

1.0 Declarase de interés cientifico el
Observatorio Interamericano de Cerro Tololo,
operado por la Asociacion de Universidades
para Investigaciones en Astronomia (A.U.R.A.)

2-0 En consecuencia se requerira permiso del
Presidente de la Republica para ejecutar
labores mineras en los terrenos pertenecientes
a la Asociacién de Universidades para
Investigaciones en Astronomia, en las cuales se
encuentra instalado el referido Observatorio
ubicados en Vicuia, Provincia de Elqui, IV
Region que conforman el predio denominado
Estancia Totoral con los siguientes deslindes;
Norte Cerro Colorado colindante con la Estancia
El Pangue, Loma Rodriguillo, Portezuelo
Retamilla, Loma divisoria denominada Punta
Alta y Comunidad de los Gonzalez Sur, lomas
divisorias de las Estancias de Laguna y de
Hurtado; Oriente Cerro Negro, loma divisoria de
los Molles colindante con la Estancia de la
Arena y Poniente Comunidad de Los
Algodones; Estancia La Calera, loma divisoria
de la Estancia del Arrayan.

3-0 El presente decreto debera ser publicado
por los interesados en el Diario Oficial de
Mineria que corresponda.

Andtese, tbmese razon; comuniquese y
publiquese; AUGUSTO PINOCHET UGARTE
General de Ejército; Presidente de la Republica
- Ruben Schindler Contardo Coronel (1) de
Carabineros; Ministro de Mineria Subrogante-
Alfredo Prieto Bafalluy, Ministro de Educacion
Publica subrogante. Lo que transcribo a Ud.
para su conocimiento; Bonifacio Arturo Neira
Moraga; Teniente Coronel (1) de Carabineros
Subsecretario de Mineria suplente.-



Appendix 3b: Decreto Supremo No. 686 de 1998, the 1998 Chilean Lighting Regulation
(“Norma”)
(see attached file: A3b_Decreto686_1998.pdf)
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Ti po Nor ma : Decreto 686

Fecha Publ i caci 6n : 02- 08- 1999

Fecha Promul gaci 6n :07-12-1998

Or gani sno :M NI STERI O DE ECONOM A, FOVENTO Y RECONSTRUCCI ON;
SUBSECRETARI A DE ECONOM A, FOVENTO Y ECONSTRUCCI ON

Titul o : ESTABLECE NORMA DE EM SI ON PARA LA REGULACI ON DE LA
CONTAM NACI ON LUM NI CA

Ti po Versi o6n ;U tim Version De : 03-05-2014

Inicio Vigencia : 03- 05- 2014

Der ogaci 6n : 03-05-2014

I d Nor ma : 139923

Text o der ogado :03- MAY- 2014; Decr et 0- 43

U tim Mdificacion : 03- MAY- 2013 Decreto 43

URL chttp://ww | eychil e.cl/N?i =139923&f =2014- 05- 03&p=

ESTABLECE NORVA DE EM SI ON PARA LA REGULACI ON DE LA CONTAM NACI ON LUM NI CA

Nom 686.- Santiago, 7 de dicienbre de 1998.- Vistos: Lo establecido en |la

Constitucion Politica de |a Republica en su articulo 19 N 8 g 32 N 8; lo
di spuesto en el articulo 40 de la ley 19.300; en el articulo 2° de la ley 18.410;
en decreto sugreno N° 93 de 1995, del Mnisterio Secretaria CGeneral de |a
Presi dencia, Reglanento para |a Dictaci 6n de Normas de Calidad Anbiental y de
Emi si 6n; el acuerdo del Consejo Directivo de |a Conision Nacional del Medio
Ambi ente de fecha 12 de abril de 1996, que aprobo el Priner Programa Priorizado de
Normas; |a resoluci on exenta N° 110 de 13 de marzo de 1997, publicada en el Diario
Oficial de 21 de marzo de 1997 y en el diario La Tercera el dia 24 de narzo de 1997,
que dio inicio a |la elaboraci on del anteproyecto de norma de enision para la
regul aci 6n de_l a contam naci 6n | um nica. La resoluci 6n_exenta N° 550 de 21 de
agosto de 1997, que prorrogo el plazo para | a el aboraci on del anteproyecto de norma
de emision; |a resolucion exenta N° 293 de 16 de abril de 1998, que aprobo el
ant eproyecto de norma de emision, cuyo extracto se publico en el Diario _Oicial de

de nmayo de 1998 y en el diario La Nacion el dia 3 de nayo del nisno afio; Los
estudios cientificos, el analisis general del inpacto econénico y social de la
m sma; | as observaciones fornul adas en |a etapa de consulta al anteProyecto de
revision de la nornm; el analisis de | as observaci ones sefial adas; el acuerdo de
Consej 0o Consultivo Regional del Medio Anbiente de la Il Regi é6n tonado en sesi on de
fecha 1 de julio de 1998; el acuerdo del Consejo Consultivo Regional del Medio
Anbiente de | a IV_RegBén tomado en sesi on de fecha 7 de julio del misno afio; el
acuerdo del Consejo nsultivo de | a Conision Nacional del Medio Anbiente tonado en
sesi on de fecha 12 de agosto del m sno afio; el acuerdo N° 84/98 de 25 de ]
septienbre de 1998, del Consejo Directivo de |a Conision Nacional del Medio Anbiente
que aprobo el Proyectp definitivo de la norma de emision; |os demas antecedentes

ue obran en el expediente publico respectivo y |o dispuesto en la resoluciéon N

20 de 1996, de la Contraloria General de |a Republica que fija el texto refundido,
coordi nado y sistemati zado de la resolucion N° 55 de 1992, de la Contraloria
General de [a Republica,
Consi der ando:

1 La calidad astron6mca de los cielos de |as Regiones Il, IIl y IV de nuestro
pais constituye un valioso patrinonio anbiental y cultural reconocido a nive
I nternacional cono el nmejor existente en el hemisferio sur para desarrollar la
actividad de observaci 6n astrononica, permtiendo a esta zona del Pais al ber gar
vaEios oPservatorios astronénicos, cono los de Cerro Tololo, La Silla, Las Canpanas

ar anal .
Y 2. La necesidad de proteger |la calidad anbiental de |os ciel os sefial ados
anenazada por |a contam naci 6n |uninica producida por las luces de la ciudad y de
I a acE}vidad niPera e industrial de |las regiones sefal adas,

ecr et o

. Articulo unico: Establ écese |la siguiente norma de
em si 6n para |la regul aci 6n de | a contani naci én | unini ca
cuyo texto es el siguiente:

I OBJETI VO Y RESULTADCS ESPERADCS

- |
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1.1 njetivo de proteccion anbiental y resultados esperados

La presente norma tiene por objetivo prevenir la
contam naci 6n luninica de |os cielos nocturnos de la I, Il
y 1V Regiones, de manera de proteger |a calidad astronomn ca
de dichos cielos, nediante |a regul aci 6n de |a eni sioén
luminica. Se espera conservar |a calidad actual de |os
ci el os sefial ados y evitar su deterioro futuro.

Il DI SPCSI CI ONES GENERALES

2.1 La presente norna establece |a cantidad maxi ma
permitida de emisién luninica hacia | os cielos nocturnos,
nmedi da en el efluente de |la fuente em sora.

2.2 Para todos |los efectos de esta norma, se entendera por

a) _Calidad Astronémica de |los Cielos: El conjunto de
condi ci ones anbi ental es del cielo que deterninan su aptitud
ara | a observaci 6n del cosnos.

G el os Nocturnos: Son aquellos que se producen desde
una hora después de | a puesta de sol y hasta una hora antes
de su salida. ] ] ] ]

c? Efi caci a Lum nosa: Cuociente entre el flujo |uminoso y

e fI%}o radi ante correspondi ente.

d) . luente: El plano horizontal que pasa por |la fuente
em sor a'.' -z s . - -z . -

e Emi sion Luninica: Es la enmision de flujo [umnoso

f Flujo Radi ante: Potencia em tida, transportada o

reci bida en forna de radiacion. ) )

9) Fl uj o Lumi noso: Magnitud derivada del flujo radiante

por | a evaluaci 6n de |a radiaci 6n, segun su acci 6n sobre un

receptor selectivo, cuya sensibilidad espectral se define

por las eficiencias |umnosas espectral es normalizadas

(vision fotopica). ] )

h Flujo Lum noso Nominal: Flujo declarado por e

fabricante, en | unenes.

i? Fl ujo Hemi sférico Superior: Flujo enmtido sobre un

pl ano_horizontal que pasa por l|a fuente. ] )
Fuente Eni sora: Lanpara instalada en una |luminaria que

emte flujo hem sférico superior

k) Fuente Existente: Es la fuente em sora instal ada con

anterioridad a la entrada en vigencia de |la presente norma.

) Fuente Nueva: Es |l a fuente emisora instal ada con

posterioridad a |la entrada en vigencia de | a presente norna.

! Lanpara: Dispositivo construido con el fin de producir

uz.

n) Lumi naria: El aparato que sirve para repartir, filtrar

o transformar la luz de las | &nparas y que incluye todas |as

pi ezas necesarias para fijarlas, protegerlas y conectarlas

al circuito de alinentacion.

1)) Lurmen: Uni dad del Sistema |Internacional del Flujo

Lum noso enitido en |la unidad de &ngul o sdélido )

(estéreo—rad|én? por una fuente puntual unifornme que tiene

una intensidad | um nosa de una candel a.

0) _ Proyector: Lumnaria en la cual la luz se concentra en

un angul o solido determ nado por nedio de un sistema Optico

(espejos o lentes), con el fin de producir una intensidad

I um nosa el evada.

2.3 La presente norma de emision no se aplicara a las
si gui entes fuentes em soras: )

a) Aquel I as cuya ilum naci 6n es producida por |a
conbusti 6n de gas natural u otros conbustibles

b) Aquel | as destinadas a la ilum naci 6n ornanenta
utilizada durante festivi dades popul ares, sienpre que no
excedan de 60 watt. ) )

c) Aguel | as que sean necesarias para garantizar la
navegaci 6n aérea y maritima. )

d Aquel | as propias de | os vehicul os notorizados.

e Aquel | as de energenci a necesarias para |la seguridad en

- |
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el transito de calles y cam nos

f Aquel | as destinadas a la ilum naci 6n de vitrinas.
ﬂ Aquel | as destinadas a ilumi nar espacios cerrados.
Aquel | as destinadas al alunbrado de instal aci ones

deportivas o recreativas y |as destinadas a |a ilum naci6n
de avi sos | etreros, cuando la eficacia |luninosa de |la
fuente de Tuz utilizada en | os casos sefial ados no sea
inferior a 140 | anenes por watt. ]

i) Los proyectores |aser utilizados para fines
astronoéni cos

[ LIMTES MAXI MOS PERM TI DOS

La cantidad méxima pernitida de enisién [uninica hacia
I os cielos nocturnos, nedida en el efluente de |a fuente
enmi sora, sera la siguiente:

3.1 Las |l anparas cuyo flujo |luninoso nom nal sea igual o
nmenor a 15.000 | danenes, no podrén enmitir, una vez instal adas
en la lumnaria, un flujo hemisférico superior mayor al 0, 8%
de su flujo [um noso nom nal

Las | anparas de flujo |l um noso nom nal superior a
15. 000 | anenes, no podrén emitir, una vez instaladas en |la
lum naria, un flujo hem sférico superior que exceda del 1,8%
de su flujo Ium noso nom nal

Trat &ndose de | as | &nparas destinadas al al unbrado de
vias publicas deberéan, ademés, linitarse al espectro de
ancho de banda de luz visible para el ojo humano (entre 350
¥ 760 nanonetros), para lo cual la eficacia |umnosa de |as

uentes de luz utilizadas no podra ser inferior a 80 | Unenes
por watt.

3.2 Las | anparas instal adas enngroyectores, | as i nstal adas
en lumnari as destinadas al al unpbrado de jardines, Playas,
parques y demas areas naturales, y |as destinadas a ]

al umbrado ornanental de edificios y nonumentos, cuyo flujo
| umi noso nomi nal sea_ igual o menor a 9.000 | dnmenes, no
podran emtir un flujo hem sférico superior mayor al 5 %de
su flujo |um noso nom nal

Estas | &nparas deberan ajustarse a | o establ ecido en el

punto 3.1, incluida | a exigencia sobre eficacia |unmnosa
est abl eci da para el alunbrado de vias publicas, cuando su
flujo lum noso nom nal sea superior a 9.000 | dmenes.

3.3 Las | anparas destinadas al alunbrado de instal aciones
deportivas o recreativas se soneterdn a | o establecido en e
punto 3.1 desde las 2:00 horas AM

3.4 Las | anparas destinadas a la iluminaci 6n de avisos vy

letreros no se soneteran a | o establecido en el punto 3.1.
Sin enbargo, desde la 1:00 horas AM no Eodran emtir un
flujo hemstérico superior mayor al 0,8%de su flujo

| um noso noni nal

Di cho porcentaje no seréa aplicable a aquel |l os anunci os
y letreros que se ubiquen en recintos comerciales mentras
per manezcan abi ertos al publico.

3.5 Los proyectores |aser no se soneteran a | o establ ecido
en el punto 3.1. Sin enbargo, desde |as 2:00 horas AM no
ﬁodran emtir flujo hem sférico superior, por |o que, en ese
orario, no podran orientarse sobre |a horizontal

3.6 Los horarios seflal ados en |os puntos 3.3, 3.4y 3.5
comenzaran a regir una hora después, durante |os dias
sabado, don]EEOC% festivos

IV  PLAZOS MPLI M ENTO DE LA NORMA
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4.1 Las fuentes existentes deberan cunplir con la norna de

em si 6n establ ecida en el presente decreto, de acuerdo a lo

si gui ente; ) )

a) Las fuentes existentes a que se refieren | os puntos 3.1
y 3.2, con excepci on de aquel | as destinadas al al unbrado de

vias publicas, al nmonento de ser sustituida la luninaria. En
todo caso deberéan cunplir con la presente norna de enisioén a
mas tardar en el plazo de cinco afnos a contar de su entrada

en vi genci a.

b) Las fuentes existentes destinadas al alunbrado de vias

publicas, al nonento de ser sustituida la lumnaria. En todo
caso deberan cunplir con la presente norma de emision a mas

tardar en el plazo de seis anos a contar de su entrada en

vi genci a. )

C) Las fuentes existentes sefial adas en | os puntos 3.3, 3.4
y 3.5, a contar de su entrada en vigencia.

4.2. Las fuentes nuevas deberan cumplir con | a norma de
em si 6n establ ecida en el presente decreto, en el nomento
gue sean i nstal adas.

\Y METODOLOG A DE MEDI CI ON 'Y CONTROL

5.1 El control que realice el organisno fiscalizador
consi derara | os siguientes nétodos de nedici 6n

5.2 La medicion de la enmisién luninica hacia | os cielos
nocturnos se realizard en los |aboratorios que cunplan con
| os requisitos sefial ados en | a presente norna, y bajo |as
condi ci ones establ ecidas en |a msma. Los ensayos se )
realizaran con una nuestra representativa de las |uminarias
y/ 0 proyectores.

5.3 E cunplinmento de la presente norna se verificaré con
un inforne técnico que asi | o establezca, fundado en
nmedi ci ones realizadas en alguno de | os | aboratorios

sefial ados en el punto anterior, y cuando |a instalacio6n de
| a fuente corresponda a | as condiciones de instal aci 6n
asumi das para el ensayo. Estas ultimas deberéan ser

consi gnadas en el nencionado i nforne técnico.

5.4 Condi ci ones General es
5.4.1 Laboratorio

a) Luz Externa. Se deben tonmar precauci ones para_ elininar
la luz externa de la cercania de |a prueba por nedio del uso
de un protector y desvi ador adecuado. Particul ar atenci6n se
debe dar al arreglo desviador-protector, de manera que la
unica luz que incida en el receptor sea la transmtida
di rectanente desde el proyector y/o lumnaria,

Tenperatura Anbiental. La tenperatura anbiental de
| aboratorio fotométrico debera ser mantenida en 25°C + 5°C
(77°F = 9°F).
C) Sel ecci 6n de | a Lanpara de Prueba y Envejecimento. Las
| anparas que el laboratorio utilice en [as pruebas y que son
parte de su instrunental y equi pam ento, deberéan ser
sel ecci onadas en conform dad con | as di mensi ones de di sefio y
construcci 6n establ eci das por |os fabricantes de | os
artefactos. Las |anparas deberan ser envejecidas hasta que
sus garacteristlcas per manezcan constantes durante |a
pr ueba.

(1) Las | anparas incandescentes deberan ser probadas en
condi ciones de corriente constante de nodo de obtener
apr oxi madanmente un 75% de | os | Gnenes nomi nal es de salida.

(2) Las | anmparas de descarga deberéan ser operadas a |la
tensi 6n de |inea noninal. Antes de tonar cual qui er dato,
deber an tonarse | ecturas cada quince minutos hasta que |a
| anpara sea establ e.

- |
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d) Di stancia de Prueba. Es |a distancia recorrida por |a
luz desde el centro gonionetrico hasta el fotorreceptor, y
debe ser suficiente Para.que se ajuste a la ley de

cuadr ado-inverso de | a distancia.

5.4.2 Requerinientos El éctricos

a) Regul aci 6n de Poder. La tension no deberd variar nas de
+ 0,5%durante | a prueba.
b) Forma de Onda. El suministro de potencia ac deberé& ser
tal, que la sumatoria de la raiz cuadratica nedia (rns), de
| os conponentes arndni cos, no exceda un 3%de |la
fundanent al . ) ) o
c) I nstrument aci 6n. Al usar GQUIPOS digitales o
anal 6gi cos, el rango debera ser sel eccionado de nbdo que sea
usada | a porci 6n nedi a a méxi ma del rango sel ecci onado para
cual qui er nmedi da especifica. Conmp |as | anparas de descarga
en gases pueden presentar forma de onda fuertenente
di storsionadas, |los instrunentos ac (tensién y corriente)
deber an ser sel ecci onados de npdo que respondan a val ores
rms verdaderos. Los instrumentos de potencia deberan indicar
el pronedi o verdadero.

No deben utilizarse instrunentos cuyas escal as estéan
cal i bradas en valores rns pero cuyas deflexiones o |ecturas
dependen sobre val ores pronmedi o o val ores peak

5.4.3 CGoni 6netros

a) General . El goni 6netro debe ser un nmedi o de nontaje
para el proyector y luminaria y un nedio para rotarlos a
través del recorrido angul ar requerido. El goni 6netro debe
ser lo suficientemente rigido cono ﬁara entregar |a nedida
correcta de | os angul os aun cuando haya una carga
desequi | i brada que sea_apreci able. La construccion de

oni onetro debe permitir un exacto posicionan ento angular y
eber& ser reproduci ble dentro de un rango de tol erancia de
0,5°. El gonionetro debe permitir generar |os distintos

si stenmas de posici onam ento angul ar sin gque sea necesario e
tener que soneter a la | anpara a angul aci ones que provoquen
una variaci 6n en su flujo. Esto se [ogra, por ejenplo, con
un goni 6netro de espej 0.

b) _Ej e de Coordenadas Pol ares. El goni 6netro debe ser

di sefiado Para usar un sistenmmn de eje de coordenadas pol ares
hor|zon}a 0 un sistema de eje de coordenadas pol ares
vertical .

c) Sensores de Luz. Un elenento sensible a la luz sera
utilizado para |as medidas de_ iluninaci6n. La conbinaci 6n
del sensor y su equi po de nedi da deberan ser probados por
l'inearidad de respuesta a través del rango en el cual es
usado, asi conmo para liberarlos de influencias de fatiga y
tenperatura en | a sensibilidad del sensor. Puede ser.
necesario usar filtros de correccion especial nente di sefiados
para el sensor en particul ar

5. 4.4 Posicionam ento de | as Lanparas/Lum nari as

El centro de luz de la | &npara de prueba debe ubicarse
en el goni6nmetro de nanera tal que esté en el centro de
i ntersecci6n de los ejes del gonio6netro. Se deben tomar
P(ecaUC|ones para corregir |las posiciones Opticas para |la
anpara desnuda o lunminaria en relaci on con |os ejes
fotométricos

5.4.5 Preparaci 6n del Equipo para |a Prueba

a) Posi ci onami ento del Proyector o Luminaria en e

Goni 6netro. Cuando el centro de luz de la | anpara de prueba
no esta encerrado por el reflector, el proyector o luninaria
(en adel ante ''equipo''), debera ser nontado en e

- |
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goni 6netro de manera tal que el centro de luz esté en e
centro de la | 4npara, y a su vez en el centro de
goni 6netro. Cuando hay mas de una | anpara que no esta
encerrada por el reflector, el equipo deberd ser nontado en
el goni onetro de manera tal que el centro aparente de |uz de
| as | nparas esté en el centro del goni 6netro. Cuando el
centro de luz de la | anpara esta al interior del reflector
el equi po debera ser posicionado de manera tal que el centro
de |a apertura del reflector coincida con el centro de
oni 6nmetro.

~ Orientaci6n de | a Lanpara. Cuando el reflector de
equi po | a | a&para son di sefiados para una relacioén fija
entre ellos, tal conp ocurre con |anparas de base
preenfocadas, |a posicion normal debera ser usada para |la
prueba. Cuando la relacion no es fija, asi conp cuando es
usada una | anpara de base atornillada, el siguiente arreglo
dePe ser adoptado a nmenos que se establezca otra cosa en e
i nforme:

(1? Cuando | as | &nparas i ncandescentes tengan fil anent os,
tal es cono tungsteno hal ogenado, y son usadas con sus ejes
per pendi cul ares al eje del reflector, |as pruebas deberan
ser conduci das con el extreno abierto del filanento o
tetilla de |l enado al ej andose del elenento 6ptico principal
(2) Cuando las | anmparas incandescentes tengan fil amentos de
tungsteno hal ogenados, y son usadas con sus ejes paral el os
al eje del reflector, |as pruebas deberan ser conduci das con
el extreno abierto del filanento, apuntando hacia arriba en
relaci 6n a la posicion horizontal del eje del reflector

(3) Cuando | as |anparas de descarga |umninosa son usadas de
manera que el eje de la [ anpara esta a lo largo del eje de
reflector principal, |as pruebas deberan ser conduci das con
la vara de soporte del tubo de arco arriba del tubo de arco
en relaci6n a la posicion horizontal del eje del reflector
Si se utilizan dos soportes de tubo de arco, ellos deberan
estar en la linea de centro vertical

(4) Cuando | as | anparas de descarga |umi nosa son usadas de
manera que el eje de la | anpara es perpendicular al eje
principal del reflector, |as pruebas deberan ser conduci das
con | as varas de soporte del tubo de arco, en un plano
paralelo al eje principal del reflector. Cuando solo se
presenta una vara de soporte, deberéa ser rotada al ej andol a
del reflector.

Las orientaciones anteriores de |as |anparas son

escogi das ﬁara pernmitir un pronedio de |os valores de |os

| ados del haz con distorsion nminima de la forma del haz e

i nfornmaci 6n. Cuando es usada una | anpara i ncandescente
t eni endo una configuraci 6n lineal de filanmento, deberé& ser
tratada del msno nbdo que | as | anparas de descarga

| umi nosa. Para | as condiciones no definidas arriba, |a
orientaci 6n de |l a | &npara debera ser determ nada y el

posi ci onami ent o anotado para referencia.

c) Enf oque. En uni dades de foco fijo, el centro de luz de
| a | anpara debera ser |ocalizado en el punto focal de disefio
del reflector. Esto significa que el largo del centro de |la
luz de | a | anpara de prueba debe ser nmedido, y |a posicion
de la |l anpara ajustada si la | anpara de prueba no tiene el
msno | argo de centro de luz conp |a | anpara nomi nal

) En uni dades de foco ajustables, |a | anpara debera ser
ajustada en el proyector para otorgar el haz especifico para
la cual es usada. La posicion de |l a | anpara usada para | a
prueba deberd estar establ ecida en el inforne.

5.4.6 Calibraci6n

Se usara el nétodo relativo para establ ecer |os
resul tados de | a prueba para el proyector en térninos de |la
operaci 6n de la | anpara en | as condi ci ones nominal es. Para
| os pronésticos de | a prueba este nétodo pernite el uso de
cual qui er | anpara del tipo deseado teniendo di nensiones
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fisicas propias. La | d&npara no necesita operar a |os | Gnenes
nom nal es. La m sma instrumentaci 6n es usada para nedi ci ones
tanto de la | a&para cono del proyector; por lo tanto, |os
efectos de las diferencias de respuesta del instrunmento son
Il evados a un mninmo. Los datos son ajustados a |la

i nf or maci 6n nomi nal dada por el fabricante de ese tipo de

| anpar a.

) La corriente de la | anpara, deberéa ser chequeada con un
instrumento calibrado teni endo una precision de + 0,25 %

En el método relativo, la luz relativa total emtida
or la |lanpara de prueba estaré deterninada por |a suna de
0s productos de cada intensidad luninica relativa por sus

areas zonal es angul ares so6lidas respectivas (constantes de
Iﬂnenes?. Las | ecturas deberan ser tomadas a interval os
vertical es de 10 grados (5,15, 25,35 grados... asi

sucesi vamente) y a espacios de 8 o mas interval os iguales
para cada intervalo vertical de esta sunmatoria. Las

I nt ensi dades | uninicas relativas son aquell as que son

medi das en un sistena de respuesta lineal, usual mente no
cal i brado directanmente en candel as. Se cal culard una
constante k, tomando la relacio6n de |a emnisién de | Unenes
nonmi nal es para |la IénPara especifica a la emsiodn de |uz
total relativa de la | anpara de prueba. Las intensidades

| um nicas rel ativas deberan ser nultiplicadas por |la
constante k, para calcular |as intensidades |uninicas (en
candel as) en térmnos de la clasificacion para el tipo de

| anpara usada. La razon de |la intensidad |uninica calibrada
(en candel as) a la intensidad nedida por el instrunento, es
I a constante de calibraci6n o constante

La constante a que se refiere el parrafo anterior
deber& ser aplicada a cual quier lectura posterior durante la
rueba del proyector. Deberé ser utilizada para convertir
as lecturas del instrunento a intensidades |unmnicas (en
candel as), las cuales representaran a la | anpara en e
proyector, conp si estuviera operando a |as condiciones
nom nal es

~ El método de calibraci6n conpensa esta diferencia que
pudi era haber entre la em sién de |la | &npara usada en |a
prueba y la emsion de la |anpara que se use efectivanmente
en el proyector o lum naria.

Cuando las lecturas de intensidad |uninica son tomadas
en | a conbi naci 6n | dnpara-lunminaria, |a |anpara de prueba
debera ser operada en |a nisnma posicién cono |o fue durante
la calibraci6n de la | anpara, Es necesario corregir |os
canbi os que ocurren en la enision de luz si |a posicion de
la |anmpara al interior de la lumnaria no concuerda con |a
posici 6n de la | anpara durante la calibracién. Esto se |logra
determ nando un factor de correcci 6n para este canbio de
posi ci én.

5.5 Metodo para Pruebas de Fotonetria de Luninarias
Utilizando Fi |l anento | ncandescente y Lanparas de Descarga de
Alta Intensidad

5.5.1 En este nétodo, |a deterninaci én del Flujo Henisférico
Superior se establece a partir de |a determ naci 6n de |os
porcen;a%es_de flujo de | anpara enitidos por la lumnaria en
el hemisferio superior. Para ello es preciso investigar
fotonétricanente la enmisidén de luz en el hemisferio superior
de ha | um naria hasta un angul o de el evaci 6n de al nenos 135
grados.

5.5.2 Inforne Técnico

. _H inforne técnico deberd incluir a lo nenos |o
si gui ent e:

- |
Biblioteca del Congreso Nacional de Chile - www.leychile.cl - documento generado el 12-May-2015



http://www.leychile.cl/

Biblioteca del Congreso Nacional de Chi

a)

b)

—~

—-®
- II

e {“h\

Legislacion chilena

| nfor maci 6n Genera

1 Nanero de informe y fecha ) )
2 I dentificacion del organisnp que enmite el informe
3 Periodo de validez del inforne
4 Solicitante del inforne
Descripci 6n de |a Lumi naria
1 Nonbre del fabricante o
2 Nanmero del catal ogo y/o descripci 6n adecuada para

identificar el artefacto ensayado

(4)(

posi

c)

d)

te

(
t

)

a
la
de e
in

n

3

3) Dinensiones que den una idea general del tamafio
~Ubi caci on del centro de luz, en general, dimensiones vy

ci 6n del soquete

5) Ti po de refractor

Descripci 6n de | a Lanpara

| dentificacion del tipo de |anpara ]
Pot enci a, tensi 6n y | unmenes noni nal es de | anpara

1
2
2 Forma del bul bo ti po de base

Construcci 6n del filanmento y longitud del centro de |uz
Dat os del Fotonetro o Sensor

1 Marca y nodel o del sensor
2 Di st anci a de prueba

Dat os rel aci onados con la enisién de la | &npara instal ada en
unmi nari a
1) Una tabl a de val ores de intensidad |umi nosa enitida por
anpara instalada en la lumnaria a partir del &ngulo
| evaci 6n de 90 grados hasta 135 grados con
rval os de 5 grados ) o
2 El porcentaje de flujo de | 4npara enitido por la | &anpara
alada en la lum naria hacia el hem sferio superior

Posi ci 6n_angul ar de nontaje de la lunminaria

(4) Verificaci 6n del cunplimento de la norma

f)

I nf ormaci 6n Opci onal ) ) o ) ) )
Dat os conpl etos de distribucion de intensidad en discos

conput aci onal es en al gun formato internaci onal nente
reconoci do.

5.6

Met odo para Pruebas Fotonetricas de Proyectores

Usando Lanparas de Filanento | ncandescente o Lanparas de
Descar ga

5. 6.

1 O asificaci 6n de Proyectores

La fornma de nedici 6n y ubicacion de | os datos estara
det ermi nada por la clasiticacion del proyector. La
clasificaci 6n de | os proyectores estard basada en el ancho

del
vert

haz de luz del proyector tanto en el eje horizontal conp
ical de la distribucién de intensidades. La

cl asificaci on seréa designada por naneros tipo, conp esta

list

ado en la Tabla 1.

Para una distribucién sinétrica rotacional, el tipo de
proyector se definird cono el pronedio del angulo horizonta
y vertical del haz de luz. Para proyectores de distribucién

con

angul o horizontal y vertical del

Por
luz

simetria no rotacional, el tlﬁo se designaréa por e

naz de luz, y en ese orden
ej enpl o, un proyector con un angulo horizontal de haz de
de 7 rados (Tipo 5) y un angulo vertical de canpo de

gsggrados Tipo 3), seria designado conp un proyector Tipo
x3.

Tabl

a 1- Designaciones de Proyector y Tamafio de Zonas

Ti po Angul o de Canpo  Tanumfio de Zona de Nanero de Puntos

de Prueba
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(grados) Prueba (grados) en Matriz de Haz

10 hasta 18 1 100
18 hasta 29 2 100
29 hasta 46 3 100
46 hasta 70 5 100
70 hasta 100 8 100
hasta 130 10 100
130 hasta 180 10 196

[SRCRUES R RCE
-
(o]
(]

g2l
N

.2 Seleccion de Angul os y Zonas para Medici ones
ométricas

Qo TO1T ~NOORWNEF
[
o
o

General . Los célculos realizados a partir de |os datos
| a prueba, estan hechos bajo el supuesto de que una
nedi ci 6n de I ntensidad en el centro de una zona representa

a intensidad pronedio en toda |a zona. Por |o tanto, para
la uniformdad en |a clasificaci on es necesari o que se .
adoPte un procedi ni ento estandari zado para escoger el tanafio
de la zona
b) Procedi m ento para Sel ecci 6n del Tamafio de Zona. El
procedi m ento para sel ecci onar el tamafio de zona apropi ado
es el siguiente:

(1) Observar la forma de distribucion del Proyector cono
proyectada en una superficie perpendicular al eje de la
di stribuci 6n.
(2) Si la distribuci6n tiene un méxi no Uni co, se debe
ef ectuar una busqueda exploratoria de la intensidad |uninica
alo largo de los ejes horizontal y vertical a través de
punto de i ntensidad méxi ma. Debe determ narse | a posicion
angular a lo largo de esos ejes donde |la intensidad es 10
por ciento de |a maxi ma. El nunero de grados entre estas
posi ci ones de 10 por ciento en cada eje serd usado para
determ nar el tanmafio de zona de |a prueba. La relacién
entre el angulo y el tanmmfio de |a zona de prueba se nuestra
en la Tabla 1.
(3) Si la distribucidn tiene dos maxi nos o una serie de
maxi nos de igual o casi igual valor en una |inea, se debe
real i zar una busqueda exploratoria de la intensidad a |lo
largo de un eje a través de esos maxinos y a lo largo de un
ej e perpendicular al primer eje y centrado con respecto a
Pru 0 de méxi nos. Se debe determ nar |a posicién angular a
0 largo de esos ejes donde |la intensidad es de 10 por
ciento de |la maxi ma. La cantidad de grados entre estas
posi ci ones en cada eje sera usada para determninar el tamafio
de la zona de prueba. La relacion entre el angulo y e
tamafio de | a zona de prueba se nmuestra en la Tabla 1
(4) Si la distribuci6n tiene un méxi mo Unico deprim do en
el centro o un_anillo de maxinos se procedera conmp en_ (2),
pero con |l os ejes centrados en el centro de |a depresion

c) _ Angul o de Canpo. Es el nanero de grados entre |as
posi ciones de |la intensidad del 10 por ciento de |a
I ntensidad | uninica maxi ma. Este angul o seréd utilizado para
determinar el Tipo y el Tanafio de |a Zona de Prueba.

Cuando el angul o” maxi mo de canpo_no ocurre en el eje,
debera ser registrado el angul o maxi no de canpo y su
posi ci on.

5.6.3 Di stanci a de Prueba

La di stancia de erueba,ninina para probar | os proyectores
del Tipo 4 al Tipo 7, sera de 8 a 10 nmetros (26 a 30 pies).
Una di stancia de 25 metros (82 pies) es el mnino para
probar proyectores Tipo 2 y Tipo 3.
5.6.4 Procesam ento de | os Datos Fotongtricos

Los sigui entes pasos deberén contenpl arse en_el
desarrollo de la informaci 6n de | as caracteristicas de

- |
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proyect or:

(1)
con

Cuando | a distribuciédn se asune simétrica en rel aci 6n
| os | ados derecho e izqui erdo, puede ser pronediada |a

i ntensi dad_correspondi ente (en candel as) en | os | ados
derecho e izquierdo de | a distribucién

A

~Si la informaci 6n fue tomada usando_un goni énetro Ti po
Tipo C (no reconendado), sera necesario convertir este

arregl o de informaci 6n a un arreglo de infornacion
correspondiente a | os angul os en el sistema de coordenadas

(5)°

B, por medio de interpolacidn. ] ] o
Crear un conjunto de isocurvas de intensidad |umninica

constante a partir de |os val ores tomados. Debe usarse e
arreglo de |los valores de intensidad después de la
conversi 6n a la infornmaci 6n de Tipo B

(4)

Calcular el flujo lumnico (en | Gmenes) en cada zona o

area ensayada usando la constante de | umen apropi ada.
5

Sumar los flujos lumnicos en todas | as zonas que

tienen una intensidad luninica central igual o mayor que e

o F
(6)

di Vi
nom
(7)

or ciento de la intensidad |uninica méxi ma para obtener
| ujo de canpo |uninico

Cal cular la eficiencia de canpo del proyector
diendo el flujo de canpo luninico por el flujo lumnico
nal de la | anpara

La luz de fuga debera ser cal cul ada por uno de |os

mét odos comentados. Cuando esta distribucion es sinétrica en
relacion a | os | ados derecho e izquierdo, la informacion
sera presentada en forma de un diagrama que nuestra el flujo

| um

nico en |l as zonas basado en el promedio de | os | ados

derecho e izquierdo

tP

canpo mas el flujo de la

de

Calcular la eficiencia total (opcional) dividiendo el
o luminico total del Proyector sumatoria del flujo de
: uz de fuga) por el flujo luninico
a | anpara asignado en | a determninaci 6n de | as candel as

de zona central

Para todos | os efectos de representaci on de |a

o
I nformaci 6n fotonétrica se considerara una | anpara de 1.000

| drrenes.
5.6.5 I nforme Técni co.
~ El informe técnico deberd incluir alo nenos |o
si gui ente:
a) | nf or maci 6n Gener a
1 Numero de informe y fecha ) )
2 | denti ficaci on_del "organi sno que emte el inforne
3 Periodo de validez del informe
4 Solicitante del inforne
b) Descri pci 6n del proyector
1 Nonmobre del fabricante i o
] 2)  Tipo de proyector, nunero de catal ogo, descripci on para
identificar el proyector . ) )
3 Bosquej o del Proyector nostrando el tanafio y di mensi ones
4 Forma del reflector, material y di nensiones
c) Descripci 6n de la Lanmpara o
1 Ti po, orden de abreviacion, servicio i ]
2 G asificacion en watt, volt, amperes y |umenes noninal es
3 Forma del bul bo, tamario, térnmino y tipo de base
q I4 Construcci 6n de filanmento o arco y longitud del centro
e luz

(5) Especi ficaci 6n de posiciones de soporte o al anbres de
al i ment aci 6n ] ] ]

(6) Filamento o arco nomi nal y di nensiones reales de |la
fue?te de luz

d)

Posi ci 6n del centro de luz durante |a prueba

Caracteristicas de Distribucién

(1) Curva de distribucion horizontal y vertica
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2 I ntensi dad | uni ni ca maxi ma (en candel as) y posici 6n
(3 Angul o de canpo en grados en anbas direcciones

hori zontal y vertical, a 10 por ciento de |a candel a

maxi ma

(4). Angulo del haz en grados en anbas direcciones horizonta
y vertical, a 50 por ciento de |a candela méxi ma )

(5? _Flujo del canpo, luz de fuga y haz, en porcentaje
afunu ablvo del flujo de la | &anpara en funci 6n de | os
pl-anos . . oo . .

(6) Flujo total (en Iunenes) y eficiencia total (opcional)

e) Dat os del Foténetro o Sensor
1 Marca y nodel o del sensor
2 Di st anci a de prueba

f) Dat os rel aci onados con |la enisién de la | &npara
i nstal ada en el proyector

(1) Tabla de flujos lunmnicos en | Gnenes por cada zona
al interior del &angulo de canpo (pronedio por |ados derecho
e izqui erdo cuando son S|nétr|cos?

Tabla del flujo luninico en | dnmenes por cada zona
de luz de fuga (pronmedio por |ados derecho e |zquierdo
cuando son sinétricos) cuando es especificado por el usuario

(3)  Curvas de igual intensidad |uninica (en candel as)
en el éangul o de canpo (pronedi o por |ados derecho e
i zqui erdo cuando son sinétricos)

4 Tabl as de i ntensi dades | uninicas en candel as en
centros de zona (pronedi o por |ados derecho e izquierdo ]
cuando son sinétricos) cuando es especificado por el usuario

(5) Verificacion del cunplimento de |la norma

g) Ctros Datos T . .
(D Dat os conpl etos de distribuci 6n_de intensidad en
di scos conput aci onal es en al gun formato internaci onal nente

reconoci do.

\l AMBI TO DE APLI CACI ON TERRI TORI AL

La presente norna de enisioén se aplicaréa dentro de |os
actuales |limtes territoriales de las Regiones II, Il y IV

VI | FI SCALI ZACI ON

Para efectos de la fiscalizacion del cunplimiento de |a
resente norna, el organisno del Estado conpetente sera la
uperi ntendencia de Electricidad y Conbusti bl es.

Corresponderd a | as Minici pal i dades respectivas, en
cunplimento de | o dispuesto en el inciso segundo de
articulo 5 de la IeY 18. 695, Organica Constitucional de
Muni ci pal i dades, col aborar en la fiscalizacion de
cunplimento de esta norma

VI VI GENCI A

La presente norma entrara en vigencia sesenta dias
después de su publicacion en el Diario COficial

Anét ese, tonese razon, comuniquese, publiquese y archivese.- EDUARDO FRElI
RU Z- TAGCLE, Presidente de |a Republica.- Jorge Leiva Lavalle, Mnistro de Econoni a,
Fonento y Reconstrucci 6n.- John Biehl del Rio, Mnistro Secretario General de |la
Pr esi denci a. ) o )
Lo que transcribo a Ud., para su conocimento.- Saluda atentanente a usted, Luis
Sanchez stel |l 6n, Subsecretario de Econonia, Fonento y Reconstrucci6n
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Appendix 3c: Decreto Supremo No. 043 de 2012, the 2013 Chilean Lighting Regulation
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(see attached file: A3c_Decreto043_2012.pdf)
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ESTABLECE NORMA DE EM SI ON PARA LA REGULACI ON DE LA CONTAM NACI ON LUM NI CA,
ELABORADA A PARTIR DE LA REVI SI ON DEL DECRETO N° 686, DE 1998, DEL M NI STERI O DE
ECONOM A, FOMENTO Y RECONSTRUCCI ON

Nom 43.- Santiago, 17 de dicienbre de 2012.- Vistos: Lo establecido en |a
Constituci on Politica de |a Republica de Chile, en sus articulos 19 numeros 8, Y
32 nunmero 6; en la ley N 19,300, Sobre Bases General es del Medio Anbiente; |a er
N° 18.410, que Crea |la Superintendencia de Electricidad y Combustibles; el articulo
segundo de la IeKPhP 20.417, Organica de |a Superintendencia del Mdio Anbiente; el
decreto supreno 93, del afio 1995, del Mnisterio Secretaria General de |la
Presi dencia, que establece el Reglanmento para |la Dictacion de Nornmas de Calidad
Ambiental y de Emision; la resolucion N 1.600, de 2008, de la Contraloria
G?BFFa| de la Republica; y |os denmas ant ecedentes que obran en el expediente
pabl i co.

Consi der ando:

Que, el decreto supremo N° 686, de 1998, del Mnisterio de Econonia, Fonento y
Reconstrucci 6n (M necon), actual Mnisterio de Econonia, Fonento y Turisno,
establ ece | 0s nivel es naxi nos perm si bl es Eara regul ar | a contam naci 6n | uni ni ca.

A su vez, el decreto supreno 93, de 1995, del nisterio Secretaria General de
| a Presidencia, establece que |as normas ambi ental es deben ser revisadas al nenos
ggdgog afios, tal cono | o establece en el articulo 32, inciso cuarto de la ley N°

Que, la calidad astrondmica de los cielos de | as regi ones de Antof agasta,

At acama y Coqui nbo de nuestro pais constituye un valioso patrinonio anbiental y
cul tural reconocido a nivel internacional conp el mejor existente en el hemisferio
sur para desarrollar |a investigaci on astronomca, permtiendo a esta zona del
Eals_alber ar vari os observatorios astrononi cos, cono_|os de Cerro Tol ol o, Pachon
a Silla, Las Canmpanas Paranal, y los futuros Gran Tel escopi o de Expl oraci 6n
Sinoptica - LSST, Gan Tel escopi o de Magall anes - GMI, y Tel escopi o Europeo
Extremadanente Grande - E-ELT. ) ) ) )

Que, es necesario proteger de forma especial |a calidad anbiental de |os cielos
sefial ados, |a cual es anenazada por |a contam naci 6n |uninica producida por |as
luces de la ciudad y de otras actividades, conp |a actividad mnera e industrial de
| as regi ones sefial adas.

Que, la Norma de Emision para | a Regul aci é6n de | a Contam naci én Luni ni ca,
establ ecida en el decreto supreno N° 686, de 1998, de M necon, requiere ser
noder ni zada y adaptada a | os nuevos requerim entos, de forma de conpatibilizar la
necesaria protecci on del cielo nocturno patrinonial del norte del pais, con |los
requi sitos de seguridad y confort en las vias y calles, areas verdes, |as
necesi dades industriales, e indirectamente con el ahorro energético. o

Que, a partir de la revision de la norma se recopil 6 ademas i nformaci 6n de
la aplicacion de | a norna, de antecedentes internacional es actualizados, de efectos
en salud, inpacto en |la biodiversidad y de propuestas de nodificaci 6n realizadas por
la OFicina de Proteccién de la Calidad del Celo del Norte de Chile, OPCC

e, con esos antecedentes, se acordd nodificar |os siguientes aspectos:
~a) Aunentar l|las restricciones a los flujos radiantes generados hacia el
hem sferio superior por |amparas y letreros 1umi nosos que se utilizan en al unbrado
de exteriores, debido a que existen antecedentes de un mayor efecto negativo Eroducto
del fenomeno de dispersion atnosférica en angul os cenitales cercanos a | os 90

b) Aurmentar |as restricciones con respecto al espectro enitido por |as |&nparas

que se utilizan en alunbrado de exteriores, de forma de prevenir |a contam naci én

- |
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luminica en sectores espectral es que actualnente no la tienen y que puede ser
generada por al guna tecnol ogia existente o futura. ] ] ]

c) Incorporar una limtacion a |os niveles maxi nos de il uni naci 6n para
restringir la enmisioén, al hemi sferio superior, por causa de |a reflexioén en el
suelo y |las superficies, en base a |os val ores nininos reconendados
i nternaci onal mente por |a Conision |Internacional de |l umninacioén, CIE Esta
restriccion ha sido aceptada en regul aci ones exi stentes en otros paises que poseen
ciel os con calidad anbi ental que deben ser protegi dos, conbo es el caso de Espafia.

Elimnar las restricciones horarias sefialadas en el DS N° 686, de 1998,
M necon, debido a que se hace necesario controlar |as enisiones en todo el horario
que se manifiesta el cielo nocturno. o ]
) _e) Establecer una distincion en |os |etreros publicitarios, entre aquellos
i lumi nados y | umi nosos. Los letreros il um nados corresponden a aquell os que son
il um nados desde su exterior. Para éstos, se incrementan sus restricciones en el
sentido de limtar su enision hacia el henisferio superior. Los |etreros |uminosos
son aquel los que |levan las |lanmparas en su interior y operan a traves de el ementos
trasl dci dos o transparentes. Estos u0ltinmps no estan considerados en el DS N° 686,
de 1998, M necon; sin enbargo, su efecto acunulativo es significativo, por |o que se
establ ece su definicién y regul aci 6n, considerando | a reciente masificaci 6n de
tel evisores de gran formato en base a |la tecnologia LED Y de plasm
) f) Establ ecer una mayor restriccién horaria a aquellos proyectores o
di sposi tivos de iluninacion que pueden ser orientados |ibrenente nientras se operan
conp | os proyectores | aser, cafiones de luz de discotecas, |los utilizados con fines
decorativos, sefalizaciones de tipo recreativo, culturales y otros simlares.

Est abl ecer una restriccién a la enmision sobre el henmisferio superior para
el al unbrado deportivo y recreacional de manera diferenciada de otros tipos de
al unmbrado de exteriores. Esto se explica porque |os recintos deportivos se deben
il um nar desde posiciones al ej adas, nedi ante Opticas nur control adas y puntual es,
i mplicando restricciones de disefio diferentes a las utilizadas en |las otras
apl i caci ones aqui nonbradas.

h) Establ ece una restricci 6n cromatica especifica a la ilum naci 6n de
bal i zami entos, conp |los utilizados en torres de alta tension, generadores eolicos y
otros que requieran advertir su ubicacion y altura, preferentenente a | a navegaci o6n
aérea, por razones de limtar |la dispersion de la luz en |a atndsfera.

~Que, dado que estas nodificaciones tendran inplicancias tanto en el al unbrado
publico, cono en el ornanental, recreacional, deportivo e industrial, se establece
un criterio de gradualidad en el cunplimento de esta nornma. Esto significara
brindar un plazo de ajuste para instal aci ones existentes, con |la finalidad de que
puedan cunplir con |a nueva norna.

Que, estas nodificaciones pernmitiran actualizar y nodernizar |a regul aci 6n en
materia de contami naci 6n luninica, a través de una norma de em si 6n que responda
a | os estandares que se aplican actualnente en la mayoria de |as provincias de
Italia y, en parte, de Espafia, y en | os Estados de Hawai, Tucson y Arizona en | os
Est ados” Uni dos de América, y otros, que cuentan con regul aci ones especi al es para
proteger el cielo nocturno, debido a su inportante desarrollo de |a investigacién
astronénmica y fines culturales.

Que, ademas, esta normativa busca proteger el patrinonio natural cultural de
norte del pais. Las culturas Quechua, Aynara y Atacanefia utilizan | a observaci 6n
del sol, la luna y las estrellas para predecir el curso de | as estaci ones, de

Iluvias, y fertilidad de la tierra y asi pronosticar el desarrollo de sus cultivos y
| a fecundi dad de sus aninales. Esto tiene especial relevancia si consideranos |as
condi ci ones adversas de uno de | os desiertos mas secos del nundo, en que |la
observaci 6n del cielo por agricultores y pastores pernite ubicarse en el tienpo y el
espaci o, y asi_sobrevivir junto con sus aninales y sienbras. Asimisno, |as
condi ciones climaticas y eventos césni cos que son propicios para el brote de una
sem|la, la reproduccio6n de los animales, y la novilidad por |as nontafias requieren
de conocim ento especializado y sistenatizado del entorno, heredado por |a
transmsion y |la costunbre de observar el cielo.

Que, durante la consulta publica diversos sectores manifestaron sus
observaci ones y preocupaci ones: Particul ares, organi zaci ones, nuni ci pal i dades,
uni ver si dades, " enpresas, observatorios astrondm cos, instituciones, y servicios
publicos, la mayoria de éstas en lo referente a | a fundanentaci 6n de | as
nDd|I|0?0|ones y aplicabilidad de | a nueva norma para |as nuevas tecnol ogi as
exi stentes.

Que, conforne | o dispone el inciso segundo del articulo 40 de la ley N°
19. 300, Sobre Bases General es del Medio Anbiente, corresponderéd al Mnisterio de
Medi o Ambi ent e Broponer, facilitar y coordinar |a dictacl 6n de normas de_ eni sion,
para | o cual debera sujetarse a |las etapas sefial adas en el articulo 32, inciso
tercero, y en el respectivo reglanento, en | o que fueren procedentes.

Que, "con la dictacion de ['a ley N0 20.417, que crea el Mnisterio, el Servicio
de Eval uaci 6n Anbiental y |a Superintendencia del Medio Anbiente, corresponde a esta
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Gltima el ejercicio de la potestad fiscalizadora respecto de |os instrumentos a que
se refiere el articulo 2 inciso 1 de su Ley O ganica. ]

Que, de acuerdo a |l o anterior, para |la revision de |a norma se han considerado
et apas de analisis economco y tecnico, desarrollo de estudios cientificos,
consultas a or?anlsnus conpetentes, publicos y privados, analisis de |as
observaci ones tornul adas y su adecuada publicaclon,

~Que, de acuerdo a lo anterior, para la dictaci6n de |la presente norma se ha
consi derado el Acuerdo N° 249, de 16 de julio de 2004, del Consejo Directivo de la
Coni si 6n Naci onal del Medi o Anbiente ngnana%, que aprobo el Noveno Prograna
Priorizado de Normas; el Acuerdo N° 261, de 7/ de enero de 2005, del Consejo
Directivo de Conama, que aprobd |a creaci on del Comté Cperativo de |a revision
de norma; |a resolucion exenta N° 731, de 7 de junio de 2005, de la Direccion )
Ej ecutiva de Conama, publicada en el Diario Cficial y en el diario La Tercera el dia
1 de julio de 2005, que dio inicio a |la elaboracion del anteproyecto de revision de
I a norma_de emnision; la resolucion exenta N° 232, de 29 de dicienbre de 2010, de
M nisterio del Medio Anbiente, que aprobd el anteproyecto de revision de norma y |lo
soneti 6 a consulta; |a publicacion del extracto del anteproyecto en el Diario
Oficial el 15 de enero de 2011 y en el diario La Tercera el dia 16 del nisno nes; la
opi ni 6n del Consej o Consul tivo Naci onal del Medio Ambiente, enitida el 6 de
septienbre de 2012, nediante Acuerdo N° 7; el Acuerdo N° 24, de 4 de octubre de
2012, del Consejo de Mnistros para |la Sustentabilidad; |os denmés antecedentes que
obran en el expediente.

Decr et o:

Ti TULO PRI MERO

Di sposi ci ones general es

. Articulo 1°.- Cbjetivo de Protecci 6n Anbiental y |os Resultados Esperados. El
objetivo de la presente norma es prevenir |la contam nacion luninica de |os cielos
nocturnos de | as regiones de Antofagasta, Atacana Y Coqui mbo, de manera de_ proteger

a

| a calidad astronom ca de di chos cielos, nediante regul aci 6n de | a enisi én de
flujo radiante por parte de |las fuentes regul adas. Se espera conservar |a calidad
actual de los cielos sefal ados, nmejorar su condicion y evitar su detrinento futuro

En particular, la presente nornma de enmisién restringe la emsién de flujo
radi ante_hacia el hemi stferio superior por parte de las fuentes emi soras, adenmés de
restringir ciertas enisiones espectrales de |as | anparas, salvo aplicaciones
puntual es que expresanente se indican

Articulo 2°.- Anbito Territorial. La presente norma de enision se aplicara
dentro de los |imtes territoriales administrativos de | as Regi ones de Antof agast a,
At acama y Coqui nbo.

Articulo 3°.- Fuentes Emisoras. Las fuentes que deben cunplir con |a_ presente
norma de emnision, son las |anmparas, cual quiera sea su tecnologia, que se instalen
en lumnarias, en proyectores o por si solas, que se utilicen en |o que se denonina
Al unbr ado_de Exteriores

Asi misnmo, se consideran fuentes emisoras |os avisos, los letreros |unminosos, |os
proyectores u otros dispositivos de ilum naci6n posibles de ser novidos nmientras se
oper an, otros simlares. ) ) )

_En lTos casos que |as | &nparas estén instaladas en |um parias o proyectores, se
consi deraré | a enisién conjunta de éstos (conjunto | anpara-lunminaria o conjunto
| anpar a- proyector), para |as exigencias que asi |o especifican

¢ Articulo 4°.- Excepciones. La presente norma no se aplicara a |las siguientes
uent es:
Aquel | as cuya il um naci 6n es produci da por |a conbustion de gas natural u
otros conbusti bl es, ] ) ] o o
Aquel | as destinadas a la iluminaci én ornanmental utilizada durante festividades
popul ares oficiales, sienpre que no excedan [os 1.500 | umenes de flujo |um noso
nom nal por cada | anpara. ] ] ] ]
Aquel | as que sean necesarias para garantizar |a navegaci 6n aérea y naritinm,
salvo los balizam entos tales conp aquell os ubicados en torres de alta tension
gener adores eolicos, edificios y simlares, en cuyo caso se deberan utilizar

- |
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Iérparas cuyas coordenadas tricromaticas se encuentren entre | o0s siguientes
val or es:

x=> 0, 657, y=< 0,335, z=< 0, 008.

Aquel | as propias de | os vehicul os notorizados. ) )

Aquel | as | &nparas de enmergencia necesarias para |la seguridad en el tréansito de
calles y caminos, y |las propias destinadas a | a evacuaci 6n en caso de eventos
catastroficos. i ) ] ) ) )

Aquel | as destinadas a la ilum naci 6n de espaci os cerrados, sin el ementos
trasl uci dos en techunbres, es decir, sin proyecci én de luz hacia el hemisferio
superior en el exterior, ) ]

Los proyectores utilizados para fines astronom cos.

Las vitrinas que sean ilum nadas desde su interior

Articulo 5°.- Definiciones. Para |os efectos de | o dispuesto en esta nornm, se
ent endera por:

1. Al unbrado de Exteriores; El alunbrado anbiental, alunbrado deportivo y
&ecreac!onal, al unbrado funcional, alunbrado industrial, alunbrado ornanental y
ecorativo.

. Al unbrado anbiental: El que se ejecuta ?eneralnente,sobre soportes de baja
altura (3 a 5 nmetros) en areas urbanas para l'a iluminaci 6n de vias peatonal es,
conerci al es, aceras, parques y jardines, centros histéricos y vias de vel oci dad

[imtada.

3. Al unbrado deportivo y recreacional: Aquel destinado a |a iluminacién de areas
donde se |levan a cabo activi dades deportivas y recreacionales. i

4 Al unbrado_funcional: Corresponde al alunbrado vial de autopistas, autovias,

carreteras y vias urbanas. ) ] ) )
5. Alunbrado industrial: Aquel destinado a areas de trabajo, faenas m neras,
barrios industriales y simlares.

6. Al unbrado ornamental y decorativo: Aquel destinado a la iluminacion de fachadas
de edificios y nmonunmentos, asi conp estatuas, nurallas, fuentes y simlares.

7. Angul o Gama: Es el angulo fornmado por |a perPendlcuIar baj ada desde el centro
de la luminaria, o el proyector, a |la calzada y el plano horizontal que pasa por e

centrg de |a | anpara. i ]
8. Angul o Solido: Es la razon entre el area de un casquete polar de una esfera
g el cuadrado del radio de dicha esfera. ) S o

. Avisos y letreros ilumnados: Cartel es, anuncios, vitrinas, nobiliario urbano y
simlares, ilum nados desde el exterior de |os misnpbs. o

10, Calidad Astrondmica de |os G elos Nocturnos: El conjunto de condiciones
anbi ental es del cielo nocturno, que determi nan su aptitud para | a observaci 6n del
COSNDS.

11, Candela: Es |a intensidad |unm nosa en una direccion dada, de una fuente que
em te una radi aci 6n nonocromati ca de frecuencia 540 x 1012 Hertz y de la cual la

i ntensi dad radi ada en esa direccion es 1/683 Watts por ester-radian

12. Cielos Nocturnos: Son aquel |l os que se producen desde una hora después de |a
puesta de sol y hasta una hora antes de su salida,

13. Emsion Luninica: Es la emsion de flujo lum noso. =

146' Flujo Radi ante: Potencia enitida, transportada o recibida en fornma de

radi aci on.

15. Flujo Lumi noso: Potencia enitida en forma de radi aci 6n el ectromagnéti ca,
eval uada segun su acci 6n sobre un receptor sel ectivo, cuya sensibilidad espectra

se define de acuerdo a la Curva de Visibilidad Estandar para vision fotopica

segun CIE 1931, o la que |la reenpl ace. ] ]

16. Flujo Lum noso Absol uto: Es aquel flujo |uminoso absoluto de |a |anpara,
certificado por la autoridad conpetente, en | Unenes. i

17. Flujo Lum noso Nominal: Es aquel flujo lum noso de | a | anpara, decl arado por el
fabricante, en_ | unenes. ) ) ) o )

18. Flujo Hemisférico Superior: Flujo radiante enitido sobre un plano horizonta
gue pasa por |la fuente, ] ] o

19. Fuente Emisora Existente: Es la fuente enisora instalada con anterioridad a |la
entrada en vigencia de | a presente nornma de enision. o

20. Fuente Emisora Nueva: Es |la fuente em sora instalada con posterioridad a la
entrada en vigencia de | a presente norna de enision. o )

21. llumnancia: Flujo |uninoso recibido por unidad de superficie (|umenes/netro2).
22. Intensidad Lum nosa: Flujo |lum noso que enmte una fuente por unidad de angul o
solido. Se mide en candelas (cd). . ) ) ) ]

23. Lanmpara: Dispositivo construido con el fin de producir flujo |umnoso.

24. Léanpara de Estado Solido (SSL): Es un dispositivo sem conductor que enite

- |
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flujo lumnoso cuando se polariza de forma directa la unién PN del nmisnp y circula
por él una corriente el éctrica. Tanbi én conocido cono di odo em sor de luz o LED

or su acronino en inglés. ) o )

5. Lénpara I ncandescente: Es un dispositivo que produce |luz nediante el

cal entam ento, por efecto Joule, de un filamento, nediante el paso de corriente

el éctrica entre dos el ectrodos.

26. Lanpara de Descarga: Es un_dispositivo que produce |uz por excitacién de un

gas soneti do a descargas el éctricas entre dos el ectrodos. ] o

7 Letreros |um nosos; Aquellos correspondientes a carteles, anuncios, nobiliario
urbano, cabinas telefénicas y simlares, ilum nados desde su interior o nediante
em si 6n directa, con inhgenes estaticas o dinénicas, tales conpo pantallas de

conuni caci 6n vi sual

28. Luminancia: Es la razon existente entre la intensidad luninica en direccioén a

un observador y |l a proyecci 6n en esa misna direcci6n del &rea enisora.
29. Lunminaria: El aparato que sirve para distribuir, filtrar o transforpar |la |uz de
la | anmpara, o |anparas, y que incluye todas |as piezas necesarias para fijarlas,
grotegerlas 6 conectarlas al circuito de alinentacion. ] o ]

0. unmen: Unidad del Sisterma Internacional del Flujo Luminoso enitido en |a unidad
de angul o solido (ester-radian) Por una fuente puntual unifornme que tiene una

i ntensidad | um nosa de una candel a.
31. Proyector: Luminaria en la cual el flujo | um noso se concentra en un angul o
sOl i do determ nado por nedio de un sistema 6ptico (espejos o lentes), con el fin de
roducir una intensidad | um nosa el evada.

2. Proyector Laser: Proyector cuya fuente de luz es un |aser
33. _Radiancia Espectral: Intensidad de energia radi ada por unidad de superficie,

| ongitud de onda y angul o sdlido.

Ti TULO SEGUNDO

Lim tes maxi nos de em si6n y condi ci ones de cunplinento

] Articulo 6°.- Limte de enmision de intensidad | um nosa. En el caso de
| &nparas instal adas en | um nari as ongroyec;ores, que se utilizan en al unbrado
anmbi ental, alunbrado funcional, alunbrado industrial, alunbrado ornanental
decorativo, avisos y letreros ilum nados, |as exigencias seran |as siguientes:

1. Una distribuci 6n de intensidad |un nosa maxima, para un angul o Pana i gual a
90°, que esté conprendida entre 0,00 y 0,49 candel as por cada 1.000 [unenes de
flujo de la | ampara. ) ) ] ]

2. Una distribuci on de intensidad | unm nosa de 0 candel as, para un angul o gama
mayores a 90°, por cada 1.000 | dmenes del flujo de la | anpara. ] )

3 En el caso del al unbrado deportivo y recreacional, el limte de intensidad

| umi nosa méxi ma seré de 10 candel as por cada 1.000 | dnmenes del flujo de la

| anpara, a un angul o gama de 90°, junto con |l a adicion de una visera que limte

I a enision hacia el hemisferio superior. Dicha visera o paral umen deberd presentar
un area simlar a la de la superficie enmisora del reflector, a objeto de cubrir

ef ectivanente el plano superior del proyector o |umnaria.

) Articulo 7°.- Limte de emi sion de radiancia espectral. Para | amparas )
instal adas en luminarias o proyectores que sean utilizadas en el alunprado funcional
anbiental, industrial y ornanental, |as exigencias seran |as siguientes:

1. La radiancia espectral entre 300 nmy 379 nmno podra superar el 15%de |a
radi anci a espectral entre 380 nmy 7 nm ]

~ La_ radiancia espectral entre 380 nmy 499 nm no podra superar el 15%de |la
radi anci a espectral entre 380 nmy 780 nm ] ]
3.  La radiancia espectral entre 781 nmy 1 micra no podré superar el 50%de la
radi anci a espectral entre 380 nmy 780 nm

Articulo 8°.- Limte de em sion por reflexidn. Para el caso de |as
| anparas instaladas en |uminarias o proyectores, que sean utilizadas en el al unbrado
nci onal , ambi ental, industrial y ornanmental, |os niveles de |umnancia e
um nanci a medi as sobre cal zada, no excederan mas all & del 20% sobre | os val ores
ni ni nos establ ecidos en Ia norma NSEG 9. n71 - |l uminacion: Disefio de Al unbrado
Publico en Sectores Urbanos, de |a Superintendencia de Servicios Eléctricos y de Gas
(hoy Superintendencia de Electricidad y Conmbustibles), o |la que |a reenpl ace.

- |
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_ Articulo 9°.- Linite de enision de ilumnancia. Los avisos Y | etreros
| um nosos no podran tener una | um nancia mayor a 50 cd/ n2 (candel a/ netro2).

Articul o 10°.- Condiciones de Cunpliniento para avisos y |etreros |umninosos.
Los avisos y letreros |unminosos no podran ser orientados en angul os mayores a 0O
grados con respecto al plano horizontal que pasa por el centro del &rea |um nosa.

Articulo 11°.- Condiciones de Cunplimiento para cafiones de |luz o proyectores
| 4ser. Todo tipo de cafiones de luz o proyectores | &aser, que puedan ser orientados
libremente mientras se operan, cono |los utilizados en discotecas o sinilares, no
podr an apunt arse por sobre angul os gama nayores a 70 grados.

Articulo 12°.- Limte de Enmision General. Todas aquellas otras fuentes
em soras no nonbradas en |a presente norma de em si 6n, permanentes o puntual es,
deberan cunplir con los linmites sefial ados en los nunerales 1y 2 del articulo 6°
y |l o sefial ado en el articulo 7°.

Ti TULO TERCERO

Control y fiscalizaci6n

Articulo 13°.- Control. El control de la presente nornma de enisioén se
realizard nmediante |a certificacion, previa a la instalaci6n, del cunplinmento de
los limtes de emi sion conjunta en el caso de | &nparas instaladas en luminarias o
proyectores, de la verificacion del cunplimento de los Iimtes de lum nancia en e
caso de letreros lunmnosos ya instalados y nediante |la verificacion de la correcta
i nstal aci 6n de todas |as fuentes emnisoras, conforme con |o establecido en |la
presente norma.

~ Articulo 14°.- Fiscalizacion. Correspondera a | a Superintendencia del Medio
Anbi ente, en adelante | a Superintendencia, fiscalizar el cunplimento de |as
di sposi ciones de | a presente norna.

Articulo 15°.- Procedim entos de Medicion. Los procedinentos de nedicion
ara verificar el cunplimento de la presente norma, seran establecidos por la
uperi nt endenci a. ] o o o

La Superintendenci a debera definir, al nenos, |os procedinientos de medicion

para | as siguientes tecnol ogias:

1. Lanmparas de Filamento |Incandescente,
2. Lanparas de Descarga de Al ta |Intensidad
3. Lanpara de Estado Solido (LED).

La Superintendenci a tanbi én deberé definir |os procedi m entos de nedici6n
para otras tecnol ogias no nmenci onadas en | os nunerales anteriores, en |a nedida que
se requi era.

) Articulo 16°.- Laboratorios Y Certificado, La certificaciodn, previa ala
i nstal aci 6n, del cunplimento de [inites de emi sio6n conjunta en el caso de
| anparas instal adas en luminarias o proyectores, se debera realizar nediante
| aboratori os autorizados por |a Superintendencia de Electricidad y Conbustibles, en
adel ante SEC. ) ) ) )

El certificado o infornme técnico que |a SEC establ ezca, debe incluir, alo
menos, |a siguiente informaci 6n, de acuerdo a | as exigencias particulares de |la
presente nornae:

Nonbre de | aboratorio

Fecha de | a nedici 6én

Vi genci a del certificado ]
Model o y fabricante de |a fuente enisora
Tipo o tecnologia de la fuente em sora
Potenci a nomi nal de la | &para

SuhwhE
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7. Radi anci a espectral de |la fuente enisora, en |las_siguientes bandas espectral es:
300 nma 379 nm 380 nma 499 nm 380_nn1r 780 nm y 781 nma 1 micra. Esto para |las
;gentes em soras a las que se les aplica la exigencia establecida en el articulo

) Articulo 17°.- Del Infornme de Cunpliniento. La Superintendencia deberé
i nformar anual mente, al Mnisterio del Medio Arbiente, sobre el cunplimento de |as
di sposi ciones de | a presente norna.

Articulo 18°.- Del Registro de Fuentes Regul adas. Los titulares de proyectos
de instalacion y recanbio de |las fuentes em soras regul adas por |a presente norna de
em si 6n, deberén informar al Sistenma Nacional de |Informaci é6n de Fiscalizacion
Anmbi ental de | a Superintendencia del Medio Anbiente, a través de |la ventanilla
uni ca que se encuentra en el portal electrénico del Registro de Em siones de
Transferencia de Contam nantes, a | o nenos | o siguiente:

a Copi a del certificado enitido por el |aboratorio autorizado por |la SEC; y
b Cantidad de fuentes emi soras a instalar y/o recanbiar.

Ti TULO CUARTO

Pl azos de cunpliniento

~ Articulo 19°.- Plazo de Cunplimento para Fuentes Existentes. Las fuentes
em soras existentes con anterioridad a la entrada en vigencia de |a presente norna de
enm si 6n, deberan cunplir con ésta al nomento de ser sustituida |a fuente. o
Sin perjuicio de lo anterior, deberan cunplir con |a presente norma de emi sion
a mas tardar en el plazo de 5 aflos a contar de la entrada en vigencia de |a
presente norna. En el intertanto, estaran obligadas a cunplir con el DS N° 686, de
1998, del Mnisterio de Econonia, Fonento y Reconstrucci 6n

Articulo 20°.- Plazo de Cunpliniento para Fuentes Nuevas. Las fuentes enisoras
nueva? geberan cunplir con la presente nornma de enisién en el nomento que sean
i nst al adas.

Ti TULO QUI NTO

Entrada en vigencia

Articulo 21°.- La presente norma entraré en viPencia 12 nmeses después de su
gg?llcgggon en el Diario Oicial. Sin perjuicio de o dispuesto en |los articul os
y .

Articul o 22°.- Deroguese el DS N° 686, de 1998, del Mnisterio de Econoni a,
Fomento y Reconstrucci on

ARTI CULO TRANSI TORI O

Articulo transitorio.- Sin perjuicio de |o dispuesto en el articulo 22°,
continuaran vigentes | as di sposiciones del DS N° 686, de 1998, del Mnisterio de
Econonia, Formento y Reconstrucci én, en tanto no entren en vigencia todas |as
di sposi ci ones del presente decreto.

_Anotese, tomese razoén y Rﬁb[iquese.; SEBASTI AN_PI NERA ECHENI QUE, _
Presi dente de |a Republica. - ria’lgnacia Benitez Pereira, Mnistra del Medio
Anbi ente. - Pabl o Longueira Mntes, nistro de Econonia, Fonento y Turisno.
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Lo que transcribo para su conocinmiento.- Rodrigo Benitez Ureta, Subsecretario
del Medio Anbiente (S).
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Santiago, 19th May, 2015

To whom it may concern:

[ am excited to write in strong support of the initiative to recognize the site of the
AURA Observatory in the Elqui Valley, Chile as an international “Dark Sky Sanctuary”,
certified by the International Dark-sky Association, and also to express our
unreserved commitment to supporting the successful implementation of this
initiative.

For more than fifty years, Chile has been the host of world-leading optical and radio
astronomical observatories because of the exceptional atmospheric conditions and
the existence of isolated areas in the northern desert regions where the unequalled
quality of the night sky has undoubtedly been the fundamental driver for the
installation of world-class observatories. As of today - through agreements with
foreign governments and international research institutions around the world - Chile
concentrates almost 50% of the total radio and optical observational capabilities on
Earth, scattered in different sites. With the new projects already planned or in
construction, the country will be host to almost 70% of the total world-wide
observational facilities by 2021-2022.

Since the beginning of the astronomical research activities in Chile, the government
here has played an increasingly active role in attracting and facilitating the installation
of these projects. This support is underscored by a continuous commitment to
designing policies, regulations, and standards aiming to protect dark skies. The
government has encouraged and actively managed sustainable and collaborative
relationships between the international scientific organizations and the local
productive activities to be developed in the same areas, mainly mining and energy,
and as well as relationships with local communities and aboriginal populations and
traditions.

We would like to cite the words of Dr. Michelle Bachelet, President of the Republic of
Chile, during the ceremony for laying the first stone of the Large Synoptic Telescope
building, a major science endeavor for the development of new state-of-the-art
telescope facilities on Cerro Pachdn, Chile:

“...As a country, we have shown a special concern for the preservation of the sky as a
resource of our country. In order that the use of lighting be compatible with our
astronomical vocation, we have issued the regulation “Decree for the Regulation of
Light Pollution"”, which entered into force in May of last year, but finally, since early



March this year, counts on the protocol and the regulation necessary for
implementation in the regions of Antofagasta, Atacama and Coquimbo. Furthermore,
we are promoting the establishment of the sites of astronomical observations as
World Heritage...”

Organizations such as the IDA, and the certifications they provide, play an important
role in raising the awareness of the local communities to the importance of the dark
skies over Chile. The international recognition of sites for the protection of dark skies
is an important component not only of raising our international profile, but also
impressing upon the local communities the importance of protecting this natural
wonder of dark skies for future generations of Chileans. We strongly support this
proposal for the AURA Observatory site to be recognized as a Dark Sky Sanctuary, and
will continue to work with AURA-O in their efforts both to protect the site and to
educate our citizens about the wonders of the universe and the critical need to protect
our national patrimony of dark skies.

We welcome this opportunity to speak on behalf of the Chilean government in support
of this initiative, particularly since we are certain it should become a notable aid for
preserving the natural quality of one of our precious environmental resources, the
dark, clear and unpolluted skies, of Northern Chile. In this way, we hope and expect
that this and similar initiatives will help us preserve a heritage that is a treasure for
future of generations of Chileans as well as for humanity.

Sincerely,

Embajador Gabriel Rodriguez,
Director
Energia, Ciencia, Tecnologia e Innovaciéon (DECYTTI)
Ministerio de Relaciones Exteriores



Appendix 4d: Letter from the Program Officer for the Chilean-based office of the U.S. Air
Force Office of Scientific Research (AFOSR)
(see attached file: A4d_Letter_AFOSC.pdf)



DEPARTMENT OF THE AIR FORCE
AIR FORCE OFFICE OF SCIENTIFIC RESEARCH (AFOSR)

Air Force Office of Scientific Research
International Office South

U.S. Embassy Santiago

Unit 3460, Box 72

DPO, AA 34033

21 May 2015

Dr. R. Chris Smith

Head of Mission

AURA Observatory in Chile
AURA/NOAO 950

N. Cherry Avenue

Tucson, Arizona 85719

Dear Dr. Smith:

The Air Force Office of Scientific Research (AFOSR) funds science dependent on dark sky’s at
Mamalluca Observatory near the city of Vicufia located within sight of the “International Dark
Sky Sanctuary,” being proposed by the AURA Observatory.

The proposed sanctuary would be a nucleus to motivate a larger set of recognized "dark sky
places" in the Elqui Valley, and specifically provides a guiding path for observatories such as the
Mamalluca Observatory to become part of a "Dark Sky Community." More importantly the
initiative serves to protect the skies of the region which AFOSR supported science depends.

The International Dark-Sky Association’s mission of preserving and protecting our night skies
across the globe and a successful AURA Observatory proposal of an “International Dark Sky
Sanctuary,” are a winning combination for astronomy and AFOSR science programs.

I look forward to supporting you and fully back the AURA Observatory’s initiative. Thank you
for your efforts to enable great science.

Sincerely,

(Gl

Brett Pokines, PhD
Program Officer
pokinesbj@state.gov
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