SHUTE MIHALY
WEINBERGER e

396 HAYES STREET, SAN FRANCISCQ, CA 94102 ELLISON FOLK
T: 415 5527272 F: 415 5525816 Attorney
www,sinwlaw,com folk@smwlaw.com

July 31, 2012

Via Fi e(lem_l Express _Qvem ight De[ivg_rg

Mayor Phillips & Members of the City Council
San Rafael City Council

1400 Fifth Avenue

P.O. Box 151560

San Rafacl, CA 94915-1560

"Re:  San Rafael Airport Recreational Facility

Dear Mayor Phillips and Members of the City Council:

This firm represents the Marin Audubon Society, the Marin Conservation
League, and the Gallinas Creek Defense Council on matters relating to the San Rafael
Airport Recreational Facility (“Project”). Marin Audubon and Marin Conservation
League have a long history of protecting the natural resources of Marin County, and are
particularly concerned about the Project’s impacts on wetlands, endangered species, and
Gallinas Creek. The Gallinas Creek Defense Council is a coalition of'citizens and
organizations concerned with the well being of the Gallinas Creek Watershed.

to the detriment of the sensitive biological resources on the pI'O_]eCt site, in Gallmas
Creek, and to the ultimate users of the facility. The Project will attract, at a minimum,
hundreds of people and vehicles to this site every day even though it is located in a
wetland overlay zone, is diked baylands, and is adjacent to an operational airport. Both
the San Rafael General Plan and state guidelines for airpotts sef forth a number of
pothes des:gned to protect this site from the type of development proposed here. As

Conservation League, and the Gallmas Creek Defense Counctl the Pr q]ect is not
consistent with the City’s General Plan or Zoning Ordinance and it is flatly inconsistent
with state poliCies‘ designed to prevent the location of group recreational f‘acihttes in close

the mconsustenmes rather than modlfymg the Pioject to address them.
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Moreover, the City has failed to adequately evaluate the environmental
impacts associated with the Project as required by the California Environmental Quality
Act. Among other deficiencies in the environmental review, the environmental impact
report (“EIR”) fails to seriously address the Project’s impact on endangered species,
particulatly, the California Clapper Rail, it does not analyze the full range of noise
impacts associated with the Project, it continues to downplay safety impacts, and it
minimizes impacts associated with the emission of greenhouse gases.

In view of the Project’s clear inconsistencies with City policies and the
failure to adequately evaluate its significant impacts, the City cannot approye the Project.
Rather, the Project must be revised to comply with the clear limits of the City’s general
plan and zoning. Even without such modifications of the Project, the City must prepare
and recirculate a new EIR that fully discloses, analyzes, and mitigates the Project’s
significant impacts as required by CEQA.

L The Project is Inconsistent with Land Use Policies Designed to Protect Public
Safety and the Environment.

A.  The Project is Not Consistent With the California Airport Land Use
Planning Handbook.

Among its most significant flaws, the Project presents serious safety
hazards that have not been adequately addressed either in the environmental review for
the Project or the Project design. In particular, the location of this project in safety zones
adjacent to the runway at the San Rafael airport is inconsistent with the provisions of the
2011 Califorhia Airport Land Use Planning Handbook ‘which specifically provides that
group recreational facilities in such zones should be prohibited. In its May 16, 2012
letter to the City, Mead & Hunt concede the project is “furidamentally considered a group
recreational use.” (May 16, 2012 Letter from Maranda Thompson to Kraig Tamborini, at
p. 5.) Although the letter goes to great lengths to explain why the facility should
nonetheless be excused from the safety provisions of the Handbook; it cannot explain
away this fundamental inconsiétency That the San Rafael Airpott isa private facilily
does not decrease the safety issues involved here. Indeed, the EIR itself indicates that
because it is 1mp0331ble to predict accidents, “the accepted practice of measuting airport
land use risks is to use the basic safety zones™ provided in the Handbook. EIR at p. 10-
11. Morcover, the City’s general plan also requires the Clty to ensure the safety of the
Pro_]ect General Plan Goal 28; Policy S-1 and S-1a.

Moreover, from a CEQA perspectlve_,_ the inconsistency with an express

safety standard in the Airport Land Use Handbook is a significant environmental impact
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that must be disclosed and mitigated. That the Handbook does not apply as a regulatory
tool to ptivats airports is not relevant from a legal perspective under CEQA. Protect The
Historic Amador Waterways v. Amador- Water Agency (2004) 116 Cal.App.4th 1099
1107. The argument that a project’s impact will not be significant solely because the
project would not violate any applicable standards has been soundly rejected by the
courts. See, e.g., Communities for a Better Env't v. Californid Res. Agency (2002) 103
Cal.App.4th 98, 111-12 (invalidating 2 CEQA guideline that presumed projects did not
have significant effects if they complied with local standards.) Here, even though the
Project is not subject to the Airport Handbook as a regulatory matter, it still viclates the

Handbook’s safety standards.

The various measures suggested by Mead & Hunt to address the Project’s
inconsistency with the safety provisions of the Handbook do not reduce the risk of an
accident that could cause injury or death to many people. These measiires also fail to
demonstrate how they would even. réduce or eliminate the damage that such an accident
would cause. For example, measures designed to limit capacity at events are completely
unenforceable Slmllarly, the Mead Humnt letter recormends limiting windows in the
building de51gn yet the Project itself includes a viewing area so spectators can waich
outdoor sports through windows from inside the second floor of the building. Even if the
measures were enfotceable or internally consistent, measures such as limiting thé iumber
of people at events, reducing windows, increasing the use of exit signs, or prohibiting
fixed seating does nothing to eliminate the risk of an accident, Given that the risk of
accident has not been reduced, it is unclear how the City can conclude that there are no
significant safety risks simply because it may impose some measures that might
theoretically reduce the number of people injured or killed in the case of an accident.

B.  The Project is an Obstruction to Aviation under Federal Aviation
Administration Regulations.

In addmon to its 1ncon51stency with the alrpert safety zones, the PI‘Q] ect

obstruction would be a significant safety 1mpact However, the EIR ignores moblle
obstructions resulting from the Project, including vehicle obstructions and soceer balls.
For example, the EIR assumes that vehicles accessing the facility will be passenger
vehicles that do not exceed 10 feet and the only mtrusmns are assomated with the ﬁrst

nav1gat10n if it is of greater height than any of the FAR Part 77 17 surfaces. ‘Exhibits A
to this letter shows how mobile objects such as soccer balls, school buses and service
vehicles will ifitrude into the air space around the airport. Therefore, the Planning
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Commission’s recommendation to simply move the first row of parking will not address
these significant impacts. Similarly, reducing the height of the building will not
eliminate these mobile obstructions. -Finally, the applicant’s claim that airspace
obstructions will be eliminated by grading and site design are not supported by the
cutrent site plans.

IL.  The Project is not Consistent With the City General Plan and Land Use
Regulations.

A.  The Project Is Not Consistent with the Wetland Overlay Zone or the
Declaration of Restrictions on Development of the Airport Property.

The Project is not only inconsistent with the Airport Land Usc Handbook, it
also COﬂﬂlCtS with a number of City land use pdhcws and regulations Most srgniﬁcant,

educatlon ” San Rafael Zomng Ordinance §14.13.030. Given its location in a wetland
overlay zone, there can be no doubt that the Project is located near a wetland. And, in
fact, the uses and facilities authorized by the Project can come as close as 50 feetto a
wetland that is habitat for endangeled species. The sports fac'ihty hele is not a low

in a wetland overlay zone.

City staff attempts to avoid this clear inconsistency with the restrictions of
the wetland overlay zone by claiming that recreational uses can include structures and
fac1ht1es March 217, 2012 Planning Staff Report p 14. This argument however

mtenSIty ones.

For similar reasons, the Project is not consistent with the limits set forth in
the declaratlon of testrictions recorded on the property. The fact that the County has

restrictions, There are many réasons why a public agency mlght not challenge another
public agency’s review-of a project, including use of public resources, reluctance to sue a
fellow public agency, or concern over setting a precedent. Nothing in the County’s letter
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regarding the Project indicates a belief that the Project is actually consistent with the
declaration of restrictions.

Finally, the Project is also inconsistent with a number of p011c1es inthe San
Rafael General Plan demgned to protect diked baylands and sensitive species. For
example the property is 1dent1ﬁed as “diked marshland” in the City General Plan and
the status of various baylands in the San Francisco Bay Area. See Exhlblt B to this letter.
The responses to comments also provide further evidence that the site is dlked baylands.
Specifically Master response 12 (at C&R 27) reads in part:

The levee system surroundmg the property crosses betweén prlvate

12 000-linear-foot penmeter léVee system that surrounds the PI‘Oject Slte
‘bordering the North and South Forks of Gallinas Creek, were constructed
by prevmus land owners by placing fill on the flat marshy areas of the
property in the 1940's to reclaim lands for agrlcultural pu_rp_oses

The City, however, has failed to comply with Policy CON-5, which
requires the protection of “seasonal wetlands and associated upland habitat contained
within undeveloped diked baylands.”

B. The‘i’-roject Contradicts A Number of General Plan Policies Designed
to Protect Biological Resources and Endangered Species.

The Pro_|ect w111 also ‘adversely. 1mpact the Callfomla Clapper Rail in

' consistent with the Endangered Specles Act Among its other deﬁmencms the Project
will substantially increase noise and light in habitat for these endangered species, it will
substantially increase human use of the site, and will increase litter in and around
Gallinas Creek. Yet, the Project does not include adequate méasures, such as limits on
constriiction and sctbacks, to protect these endangered species, Contrary to the
representations in the responses to comments, there is no evidence to support the
conclusion that the California Clappeér Rail has become habituated to human presence.
See J uly 22 2012 memorandum from JuIes Evens, Exhibit C to thls letter. And in fact,
4, which allows for greater than a 50 foot sctback from wetlands whete the property is
greater than 2 acres. Given the Project’s location immediately adjacent to the Clapper
Rail’s tidal marsh habitat and the fact that this upland habitat can. provide high tide refuge
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for the Clapper Rail as well as cover from avian prédators, it is critical to increase the
buffers here.

Moreover, even if it were possible to conclude that Clapper Rail in the
vicinity of the Project were habituated to human presence based on existing: levels of use,
that does not mean that the construction and operation of an active sports facility drawing
hundreds of visitors per day would 16t adversely impact the Clapper Rail. In addition to
noise, llght ‘and habitat 1mpacts, the Project, with its generation of food waste on-a daily
basis, is highly likely to increase rat and raccoon populations — known predators of the
‘California Clapper Rail. The EIR, however, does not discuss these impacts. Therefore,
the conclusmn that Pro;ect is consistent with General Plan pol1c1es de51gned to protect

CON 4, and CON 14) is not supported by the evidénce.
C.  The Project Is Not Consistent with General Plan Safety Policies.

The City has also failed to ensure that the Project is consistent with General
Plan policies designed to prevent flood hazards, Specifically, the General Plan
recognizes that levee mainterance is critical to avoiding flood hazards, especially in
castern San Rafael. Therefore, General Plan Policy S-20 requires the upgrading and.
maintenance of levees whenever a site is developed. The City has acknowledged the
obligation to maintain the levees around the Project site to ensure consistency with this
General Plan policy. April 10, 2012 letter from Kraig Tamborini to Eric Steger, Marin
County Dept. of Public Works. Many of the levees that surround the Airport, however,
are located on public lands, and the City has now admitted that the County has no
obligation to maintain these leveés. The City’s solution — to simply require the applicant
to maintain the levees even where they are Iocated i public lands — does not ensure that
the apphcant has the authority or financial ot technical ability to maintain the levees as
required by the General Plan. This failure is ‘particularly important here because the
levees wete never intended or engineered to protect buildings, life and personal property.

III. The City Has Not Adequately Evaluated or Mitigated the Enwronmental
Impacts of the Preject, as Required by CEQA.

The City has also failed to properly disclose, analyze and mitigate
significant environiinental impacts associated with the Project. Marin Audubon, Marin
Conservation League, and the Gallinas Creek Defense Council have commeénted
exterisively on the BIR and FEIR. The following comments represent just a selection of
some of the most serious issues that have not been adequately addressed by the
environmental review.
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A, The City has Not Adequately Addressed or Mitigated Impacts to
Biological Resources.

As detailed above, there is no.evidence to support the EIR’s conglusion that
because Cahfornla Clapper Rall currently’ inhabits the pro_lect area, it has become

of use that the Project will cause. Nor has the EIR adequately supported its conclusiors
that the Project will not result in significant inipacts to the California Clapper Rail. In
addition, the final EIR’s responses to ¢omments on impacts to the California Clapper Rail
are speculative and unsupported by any evidence and do not meet the standards
established by the case law: The Flanders Foundation v. Ctty of Carmel- by-the-Sea
(2012) 202 Cal. App. 4th 603.

The proposed mitigation measures also remain madequate Specifically,
although the conditions of approval would pr0h1b1t pile driving during the nesting season,
they still allow substantial construction to occur during that sensitive time period. As
previously commented by Jules Evens, the proposed buffers are not nearly adequate to
address construction noise and disturbance. See also Exh. C (Evens letter).

Moreover, the EIR never addresses the tension between maintaining the
levees to protect against flooding and the impact that such maintenance will have on
endangered marsh species such as the Clapper Rail. As discussed in the attached
memorandum from Peter Baye, the construction of the Project and the resuliing
requirement that the levees be maintained in their current location will cause significant
impacts to habitat for endangered marsh spécies as sea level rise puts additional pressure
on habitat, The Project creates the need to maintain the levees in their current location to
protect against flood damage, and the EIR includes measures (albeit insufficient measures
as discussed above) to address this impact. However, these measures create their own
potentially significant impacts that have not been addressed, as required by CEQA.
Stevens v. City of Glendale (1981) 125 Cal. App. 3d 986; CEQA Guidelines §15126.4
(a)(1)(D). See Exhibit D to this Letter.

B,  The Project Will Have Significant Cumulative Impacts to Biological
Resources.

The Pfoject is just Ohe of many uses in the immediate vicinity that will

course, and batting cage in nearby Mchness Park Rather than evaluate the cumulatwe
impacts of this Project in connection with these other existing uses, as required by Public
Resources Code section 21083 and CEQA Guidelines section 15130, the EIR simply
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assumes that the Clapper Rail has become accustomed to these uses. As detailed in the
letter of Jules Evens, there is no evidence to support this conclusion. Moreover, under
CEQA the EIR should notuse existing use as a means of minimizing the impacts of the
Project, but should instead evaluate whether the Project, when combined with other past,
present, and reasonably foreseeable projects will have a significant impact on the
environment.

Similatly, the EIR ‘must evaluate the cumulative impact that this Project,
combined with sea level rise, would cause in terms of lost habitat for salt-marsh species.
Because the Project requires the maintenance of levees in a fixed position; it will
exacerbaté the loss of habitat that will occur with sea level rise. Yet, the EIR does not
evaluate this impact. See Exhibit D (Baye Comments).

C.  TheProject Will Result in Significant Greenhouse Gas Emissions That
Have Not been Adequately Disclosed or Mitigated.

The Project w111 also result in emissions of greenhouse gases that far exceed
Dlstrlct for determining the 31gn1ﬁcance ofa pro_]ect’s 1mpact on climate change.! Here,
it is unclear how compliance with the City’s CCAP will reduce the impacts of the project
below a level of significance. First, even with the application of: the City’s green building
standards atid LEED certification, the Project’s emissions will far exceed the 1100 metric
ton per year standard of significance established by BAAQMD, or the 900 metric tons
per year standard suggested by the California Air Pollution Control Officers Association.
This is because the vast majority of the Project’s GHG emissions.are associated w1th the
considerable vehicle traffic it will generate. Yet, no serious effort has been made to
reduce emissions from this vehicle traffic and, in fact, by its nature the Project is
designed to attract hundreds of visitors by car every day'} There is no way in which this
Project could be consistént with the overall GHG reduction goals of the City’s CCAP,
even if the building itself is built to the minimum LEED standards because LEED
certification will do nothing to reduce vehicle trips which are the primary source of
GHGs associate with the Project. See CEQA Guidelines §15183.5 (b)(2).

E Although a trial court recently found that the adopt1on of the Thresholds isa

on their merlts The 1, 100 metric ton/year threshold estabhshed by the District is
comparable t6 other suggested thresholds for evaluating GHG emissions. See Exhibit E

(CAPCOA Guidance.)
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D.  The City Has Not Adequately Addressed Safety Impacts Associated

With the Project.

As detailed above, the project will have safety impacts associated with locating
a group recreational facility in the runway safety zones at the Airport. This inconsistency
with the Airport Land Use Handbook will cause a significant environmental impact that has
not be adequately disclosed or mitigated by the City. The Project also poses potentially
significant safety impacts associated with the inadequate levee system and the currently
inadequate requirements to maintaisi the levee system.

The Clty has also failed to adequately address safety 1mpa<':ts assoclated with

higher than background levels. Thus a recent study by the Nat1qga1 Institute for
Environmental Health Science concluded that “the combustion of leaded avgas by small
airplarie engines may posc a health risk to children who live or attend school near airports.

The lead in air surrounding airports can be inhaled directly, or the fead may be ingested by
children after it settles into soil or dust (U.S. EPA 2010).” See “4 Geospatial Analysis of the
Effecis of Aviation Gasoline on Childhood Blood Lead Levels,” Exhibit F to this lettet, The
City’s response to comments on this issue is hot supported by any evidence, but merely the
speculation of the EIR preparer regarding potential impacts. Comment and Response, p.
534. For example, the response to comments claims that the exposure to lead from aviation
gas would be “minute,” but makes no attempt to quantify this amount. Moreover, the EIR
fails to address the fact that long-term histori¢ use of the airport would lead to the deposition
of lead from aviation gas. Yet, there has been no soil evaluation done for the Project, even
though the literature indicates that lead from aviation gas is deposited to soil, where it later
becomes a source of lead to people ifi ‘the vicinity of the airport. Id.

E. The City Has Not Analyzed Significant Impacts Associated with
Piroject Modifications and Proposals to Address Air Safety Hazards.

owin envrronmental lmpacts See MM HAZ-2 in Resolution 12- 08 on page 20 of 28 in
Mitigation Monitoring atid Reporting Program of Resolution 12-08. The type of
obstruction lights have not been specified anywhere in the FIR or otherwise, and the
impacts of these obstruction lights have not been considered. They . have potential impacts
on wildlife and aesthetics. There are no obstruction lights at the airport currently. If it
were not for this project, there would be no obstruction lights. Although staff has
suggested the use of AV23 low intensity solar obstruction light, this light does not meet
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the specifications fot obstruction lights approved for use at airports by the (US) Federal
Aviation Administration. See Exhibits G, H (FAA requirements for obstruction lights.)

Finally, the proposal to address safety issues related to air space intrusion
through a project redesign should not occur outside of the public and environmental
review process. Before the Clty approves the Project, it should require new site plans
that are’ avaﬂable for pubhc rewew to ensure both that the Prolect does not intrude into

impacts. Without complete plans and an analysis of their impacts, the EIR does not
analyze the project as proposed and therefore the project description is not accurate, as
required by CEQA. Furthermore, as it currently stands, the requirement for redesign after
Project approval is an impermissible deferral of environmental review and mitigation,
Sundstrom v. County of Mendocino (1988) 202 Cal.App.3d 296.

F.  The Project Will Result in Significant Noise Inpacts.

Finally, the City has failed to adequately evaluate or mitigate noise impacts
fails to provlde an accurate picture of the impact that this Project W111 have on the
surrounding community. In particular, the noise analysis relies on average noise
measurements, even though the type of noise generated by the Project consists of many
peak souirids (siich as crowd cheering, shouts, and whistles) that are particularty
disturbing to humans. The noise analysis also fails to evaluate noise impacts at the
nearest homes (located 750 feet from the Project) and instead evaluates these impacts at
1000 feet — a distance that is 33% farther away. Finally, the EIR admits that no analysis
of night-time noise impacts was conducted even though the evidence indicates that the
Projeet will exceed even the minimal average standards for night-lime noise. Mohitoring
noise levels at a total of 5 games over the next year is hardly adequate to ensure that
night-time use of the fields does not exceed City noise standards on a regular basis.

IV. The City’s Findings Are Not Supported by Substantial Evidence.

In view of the deficiencies in the City’s review identified above, the City
cannot support its findings with substantial evidence as required by CEQA and the case
law. With respect to Resolution 12-08,

. The findings regarding impacts to listed anadromous fish species, the

California Clapper Rail, and Impacts of Nocturnal lighting are contradicted
by the evidence submitted by Avocet Research and that discussed above.
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. Findings regarding air hazard impacts do riot demonstrate that the Project is
consistent with the Airport Land Use Handbook nor do they show that the
City has adequately reduced any safety impacts below a level of
- -significance.
. The C1ty cannot find that noise lmpacts have been adequately analyzed or

' -m_om_tormg it conducted d.oes not address noise 1mpacts at th_e closest
residence.

D The Clty cannot find that the Project will not have significant impacts
related to the emission of GIIGs because, even if it were to comply with the
City’s Climate Action Plan, the Project’s GHG emissions still far exceed
recommended thresholds of significance.

. The City’s finding that there are not unavoidable significant impacts is not
supported by the evidence which demonstrates that the Project will have
significant impacts on wildlife, public safety, noise, climate change, and
wetlands.

. Inasmuch as the Project will have significant impacts that have not been
‘adequately avoided or mitigated, the City’s findings regarding project
alternatives are inadequate and must be revisited.

In addition, the findings in Resolutions 12-09 and 12-10 are legally
inadequate. Among other deficiencies, findings regarding consistency with the Wetland
Overlay zone are legally inadequate because the Project conflicts with provisions
designed to limit recreatioh to low intensity uses. Findings regarding General Plan
consistency are contradicted by evidence that the Project will adversely affect sensitive
wildlife species and diked baylands (Resolution 12-09, Finding 1 (j). Findings regarding
noise impacts cannot be made because the City did not conduct adequate noise analyses
as required by the Noise Element. (Resolution 12-09, Finding 1(i).

Fmally, the finding that the PrOJect is substantlally in compliance with
. purpose of the Plan to reduce the City’ s_total greenhouse gas emissions and catbon
footprint. A defining feature of the Project is its substantial vehicle traffic.
Consequently, the Project is fundamentally inconsistent with the City’s Sustainability
Element and Climate Action Plan.
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Conclusion:

The Project as proposed is simply too intense and inappropriate for the
location. Not only is the Project inconsistent with the many City and State policies
designed to protect environimental resources and future users of the Project, the FIR fails
to adequately address and mitigate these significant environmental effects. At a
minimum, the environmental impact report must be revised and recirculated to address
the many significant environmental impacts described above and in prévious comments
to the City. Moreover, because of its many inconsistencies with the City’s General Plan
and its significant environmental impacts, the City may not approve the Project.
Accordingly, the Marin Audubon Society, Marin Conservation League, and Gallinas
Creek Defense Counsel request that the City deny the Project.

Vety truly yours,

SHUTE, MIHALY & WEINBERGER LLP

Ellison Folk
Cc:  Marin Audubon Society

Marin Conscrvation League
Gallinas Creek Defense Counsel

408193.3
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Soccer ball kicked 35 feet in air penetrates the FAR 77 Transitional Surface by 10+ feet
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Avocet Research Associates
P.O. Box 839, Point Reyes, CA 94956, Tele: 415/663-8032; <avocetra@gmall com>

w o ee—Memotrandum — el I,

Date: July 22, 2012
To:  SanRafael Planning Commission

From: Jules Evens, Principal

Re:  Subject: 397-400 Smith Ranch Road (San Rafael Airport Recreational Facility)

Please consider this memorandum a response to the Final Environmental Impact Report
(FEIR) with reference to that report as well as the Report to the Planning Commission
dated ;January 24, 2012, | am particularly concerned about assumplions and assertions
made in those documents regarding sensitlvity of the federal- and state-endangered
California Clapper Rail to human disturbance and claims of habituation.

| also commented on the Draft EIR and have conducted numerous survays of the
California Clapper Rall in Gallinas Creek as well as other tidelands of the greater San
Francisco Estuary for three decades. | also consulted with the U.S. Fish and Wildlife
Service on the “Draft Recovery Plan for Tidal Marsh Ecosystems of Northern and
Central California” and contributed to the species account of California Ciapper Rall In
that plan.' Selected excerpts from The Plan relevant to the Gallinas Creek Clapper Rails
are provided in Appendix A. Particularly relevant are the sections on Human Disturbance
and Habitat Degradation, Additlonally, | was the co-author of the California Clapper Rail
species narrafive In the San Francisco Bay Area Wetlands Ecosystem Goals Project
(Albertson and Evens 2000). My comments are limited mostly to the statements by Monk
and Assoclates that make assertlons of "habituation” by Clapper Ralls and that elther
misinterpret or misrepresent the citations they rely on to support their contentions.

Responses to assertions made in FEIR and the PC report:

Assertion #1: “Wildlife, and birds in particular, are able to habluate to human beings and
associated disturbances, especlally when the stimuli Is pre_dlctable (routine or repeated
the bird), as iljustrated by Knight aﬁd Temple 1295, KnigHt and Cole 1995, and RIffe[I et.
al. 1996," (RC, p.12-13)

! hup:l!ecos.-'fwsﬂov)’docs/recovcry plan/TMRP/Chapter I Species Accotnits pdf

’53




Response: These are very broad gerigralities bagsed on sweeping assumptions

referencing studles that do not support the concliisions stated by Monk and Associales.

Responses of wiidlife to human dlsturb"’anCe are cofiplex and influenced by a range of

factors (Bejder et al. 2009). The studies cited by Monk and Associates relate to commean
landbirds In forested habitats of the Inner Mountain West not t(:): arare end endangered

Clapper Rarl is glven by the Huffman Broadway Group (San Rafael) in the Balr island
(San Mateo Co:) EIR-EISZ

“Clapper ralls vary in thelr sensltlv[ty to human disturbance, both individually and
between marshes. Certain types of disturbances have oceurred within or )
adjacent to some marsh areas for a long and certain clapper rails appear to
have habttuated-or become tolerant of these disturbances, while others appear.to
habituate over trme or are unable to habiluate to these disturbances at ell For

and within 65 fectofa buay street near White Slough (Sol Couniy) [n
contrast Albertson (1995) documented a clapper. rall abandon!ng Its territory in
af'ter a repalr crew worked

home range several months after the dlsturbance As a result of this terrltorlal
abandonment, the opportunity for successful reproduction during the breeding
season was ellminated (J. Takekawa, pers. comm,). Clapper rails In Laumeister
Marsh have llitle contact with people, and are apparently qmte sensitive to
hurrian-related disturbance. On numerous occasions at the Corte Madera
Ecological Preserve, rajls have been observed seeking refuge from unrestrained
dogs entering tidal marshes from adjacent levees with public. access (J. Garcia,
pers. comm. 1894). These disturbances have occurred despite the presence of
signs notifying users that they are entering sensitive wildlife species areas and
that pets must be under restraint while in the preserve area. Similarly; along the
Redwood Shores Periinsula In San Mateo Coun{y, fences and signs Installed to
prevent access Into areas with endangered speclés habitat have bee epeatedly
vandallzed and.people continue to enter the prohibited areas beyond 1 the fences
and signs. (Popper and Bennett 2005). Evens and Page (198 documented 4 rail
ing terrilories aiong the Greenbras boardwalk In the Corte Madera

Garcla, pers. comm. ). This territorial abandonment is 'atlrrbuted to an increase in
domestic and feral dogs and cats along the' boardwalk resulting from new
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residents moving into nearby residentlal areas since 1983 (J. Garcla, pers.

comm.). According to Harvey (1980) and Foerster et al. (1990) predalors,

especially rats, account_ed for nest losses of 24 19 29 percent in certain South

‘Bay marshes. Clapper rall Téastions o dlsturbancémay vary with season,~ -~ Sl
however both breeding and non breeding seasons are cntlcal times. Disturbance

ralls, Adult clapper rail morta y_ls greatest during the winter (Albertson 1995;

" 'Eddlemian 1989), and primarl ly due to predation (Albertson 1995), Human-related
disturbance of clapper ralls In the winter, particularly during high tide and storm
.events, may-Increase the birds* vulnerabliity to predators. The presence of
people and thelr pets in the high marsh plain or near upland areas during winter
high tides may prevent rails from Ieawng the lower marsh plain (Evens and Page
1983}, Ralls that remain In the marsh plaln during inundation are vulnerable to
predation due to minimal vegetative cover available (Evens and Page 1986). A
population viabllity analysis under development for clapper rails Identifies
changes in adult survivorship as causing the greatest change in the population
growth rate (M. Johnson, pers comm). Anotharmodel also indlcates that adult
survivorship of clapper ralls is the primary demographtc vartable for matntamlng a

al. 1997) These models indicate that stirvival of adult birds has the strongest

effect on the perpetuatlon or extinction of the overall population.
This more balanced and cautionary approach provided by Huffman-Broadway touches
on (but does not elaborate on) the underlylng problem with the assertion that a given
specles ora given populatlon will “habltuate to ongoing disturbance. To détermine that
ofa ctapper rait populat__:on ina dlsturbed marsh wlth that of an undisturbed or relatively
pristine marsh. Such studies are simply not available because this is an fedé'rally
endanqered specles. research is limlted by the USFWS Office of Endanger Specles to
avoid negatively impacting those few lndwiduals that stlll survive and there are few, If

any, pristine slltes left, _
The claim 'by Monk and Aé's'ociates that habituation is-a foregone conclusion for
betow), and_pr_ovides a shallow and misleading _interpreta_t_lon_ of the concept_.

Habituation Is often used incarrectly to refer-to any form of moderation in wildlife
response fo human. dlsturbance rather than to describe a progressive reduction
in response to stimull that are perceived as neither aversive nor beneficlal. This
mlsmterpretatlon when coupled with the widely held assumptlon that habltuahon

Regarding the references used to support Monk and 'As'sociates assertions about
habituation: A peer-reviewed source (Cline et al. 20007) interpreted the Knight and
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Temple reference cited by Monk and Assoclates: “A number of blological and-
environmental variables also contribute to individual response to disturbance. These
variables are complex becausé wildiife responds differently to disturbance between
species, between individuals of the same species, and between different periods of time
for-a single Indlvidual (HaySmith and Hunt 19_3_5 Knight and. Temple 1985). These
confounding variables make studying disturbances dlfficult at best.”

leewlse the other two references cited by Monk and Assocnates do not support
thelr assertlon about habltuation, .

The. lefel etal. study was conducted in mixed conlfer forests in Wyommg and
states in the abstract that "common specles showed significant decllnes in rlchness and
abundance over the 5 years." That study looked at common forest birds hot rare, fu_r_yge,__
and endangered tidal marsh specles _(Thé Clapper Rall does not oceur in the
ser-reviewed study suggests a different

lntermountaln West.) indeed another:pe
Interpretatlon of Riffel ef a. 1996, as follows from Tanner and Gange (2004): "Actlvitles
including hill walking (Rifell et al., 1996), power boating (Bell, 2000}, wildlife-
photography and skiing (Burger, 2000) have all been shown to disturb wildlife and
habitats.” 7 7
Likewise, the Knlght and Cole (1995) paper—a generalized study of various

wildiife specles in Golorado—Is interpreted quite differently in a government literature
review of wildiife disturbance Impacts. Cline ef af. 2007 state? “The mere presence of
visitors may harm wildlife by displacing them from essential habitats or disrupting the
ralsing of young (Knight and Cole, 1995). Therefbre, the q_u'és'iion is not so much does
the activity cause Impact, but rather, how much and what level of Impact is acceptable.
Disturbance Includes bolh direct and indirect effects toward wildlife”

~Again, Becker ot al..(2012) draW quite a difference conclusion from Knight and
Cole: *Human disturbance stimuli can di.stract animals from pursuing fitness-enhancing
activities (e.g., feeding, mating), alter normal behavior, and cause animals to avold
sultable habltat or to reduce the size of their ranges (Boyie and Samson 1985, Knight

[Emphasls added] .
In summary, there is no evidence that California Clapper Ralls habltuate to human

disturbance and t is reckless to assert otherwlse, especially when determining land-use
practices that may have adverse impacts on a federally-endangered _S’pedles.
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Assertion #2: Monk and Associates state without qualification; "The fact that Clapper
rails have persisted In this area over at least several years of study, and have been

) ?ﬁp’ﬁatédlv detédle‘d‘duﬂh‘g"tﬁé‘ﬁéétlﬁg"é’e‘&ik‘bn‘. demahstrates that the Clapper rall must

Response: Note the emphatic use of "demonstrates” aind “must.” Although their
conclusion may seem “'l_c':’g':!bal" it is at odds with basic precepts of conservation biology
and no such conclusion is certain or warrantad . The presence of Clapper Rél_ls In the
aréa does not "demonstrate” successful reproduction. As the Draft Recovery Plan (q.v.)

states expllcitly' "Althouqh clapper ralls may occur In areas with high Ievels of human-

cumulatlve detrimenial effects mav be appre clable Numerous routlne human actlwtles

have the potential to ‘adversely affect Individual ralls and overall popufation vlabih_ty. o
(p. 114). [Emphasis added] ' :

In fact, very little is known about the réproductive success of the local population, It 1s a
basic precept of conservation biology that presence or abundance of a given specles Is

(VanHorne 1983). We do know that_ the Gallinas Creek marshlands are conhguous with 7

perhaps the largest extant population of clapper ralls left in San Pablo Bay marshes-=
those associated with the broad bayshore marshlands that extend from the mouth of
Gallinas Creek north to Hamiiton Fleld (EVens and Collins. 1992 Collins of al. 1994,
pa_rcel of tidal marsh habl__t__at left In the North Bay, henge the presence of ana gparently
viable population. When the bayshore population has a successful nesting year, it likely
serves as a source for those birds that disperse up Gallinas Creek. However; we have
no idea how successiful those dispersants are __r_'eproductlveiy and there are no data on
survivorship of the population.

The subje.c't of metapopulation dynamics Is too complex and nuanced a subject
for this memorandum, but suffice It to say that some habitats are "sources” and other are
“sinks” (Pulliam 1996, Baltin 2004, Akcakaya ét al.- 2006, Gllroy and Sutherland 2007).
Just because a species occurs in a given habitat does not mean that that habltat Is
viable or optimal The contention that because clapper ralls are present they are “thriving”
Is far too facile an assumptlon to make when considering & federally endangered
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species. Rather, the responsible course of action for governimental agencles and
consullin__q_ blologists Is a conservative approach taking precautibna’ry measures, ltis
reckless to make assumplions based on limited Information and to select references that

appear fo support those assumptions while ignoring counterbalancing information, as Is
done in the FEIR and the PG report.

Concluding remarks _ .

The presence of rails In the linear tidelands bordering Gallinas Creek does not
support the assumption t__hét the population Is “thriving” or even viable. - Again, as stated
in the from the U.S. Fish and Wildlife Service's *Draft Recqve"r'y Plan for Tidal Marsh
Ecosystems of Narthern and Central California:" |

Although clapper rails may occur in areas with high levels 6f human-related
disturbance, the effects of the disturbance on the ralls Is unknown and =~
potentially significant . . . Because most ctapper rall marshes are subjected to
a variety of uses, the cumulative detrimental effects may be appreciable.
Numerous routine human activities have the potential to adversely affect
individual ralls and overall population viability , . .

Even If It were possible to conclude that Clapper Ralls in _t_ﬁe viclni’ty' of the Project were

habltuated to human presence b'a_éed on existing levels of use, that does not mean that
the construction and operation of an active sports facility drawing over a thousand
visitors per day would not adversely impact the Clapper Rail. There is no evidence to
support the FEIR's conclusion that the Clapper Rall will simply adapt to the additional
noise impacts, lighting, and Intrusions into Gallinas Creek caused by the Project. With its
daily generation of food waste,fth'e'Project. s highly likely to increase populations of
scavengers, especlally rats — known predators of the Californla Clapper Rail. The FEIR
does not evaluate impacts of the Project caused by increased predation from rats and
other predators that will be subsidized by the Project.

Additionally nolse mitigations during the construction phase of the project are
inadequate. Specifically, the FEIR propases no plling driving during the nesting season,
but allows other construction during that time with a 250-foot buffer. The USFWS
requires a minimum 250-foot buffer from occupled habitat during the perlod January 15-
Septamber 1.

“Size of buffer areas or transitional habitat (area between the marsh and
- uplands) is impaortant because outside influences from the upland area may

(5%




have devastating effects In the marsh. The larger the buffer, the less severe
or direct the Impacts will be.”

In summary, the EIR's cqn‘ql_g‘_'sjl&n‘that, the Project will nothave a'significant— -~ R

impact on Callfornia Glapper Rall is based on the assumption that the popufation of
Clapper Rall in the vicinity of Gallinas Greek has became habituated to human
presence. This conglusion Is not supported by the research,

Thank you for your consideration of this matler.

(A/Z*‘(‘*’” Dk

Jules Evens, Principal

Avocet Research Assoclates

P.0. Box 839

Polnt Reyes Station, CA 94956 0839
415/663-8032

avocetra@gmail com

U.S. Fish and Wildlife Endangered Specles Permilt: TE 786728-3
Callfornla Departmerit of Flsh and Game Collecting Permlt # 801092-04
Federal Bird Marking and Salvage Permit: # 09316-AN

3 H’ﬁg:Ilwww.f_v,gs.govldeSfbaylArchIvesICIaer[!carail.htm
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APPENDIX A, Selected excerpts from the U.S. Fish and Wildiife Serwce S
“Draft Recovery Plan for Tidal Marsh Ecosystems of Naorthern and Central
Callfornia”

“California clapper rails were recogmzed as endangered by the Federal -
government:__a_nd added to the List of Endangered Species on October 13 1970

degree of threat. a high potential of rec ry, and its taxonomlc standing as a
subspecies. The additional “C" ranking indicates some degree of conflict between
the conservation needs of the specles and economic ‘development (U.S. Fish and
Wildlife Service 1983) The first recovery plan for the species was published
November 16, 1984 {U.S. Fish and Wildlife Service 1984). Factors currently
Impacting rall numbers bavade include predatton contamlnants, and habitat
loss/alteration/degradation.”

Regarding local distribution: “San Pablg Bay, Small populations of clapper rails
are patchy and discoritinuously distributed throughout San Pablo Bay In small

isolated tidal m habltat fragments {Collins et al. 1994) In 2004 thers were

added-JE].

Productivity. Reproduclive success of the Californla clapper rail is much reduced
below the natural potential (Schwarzbach et al. 2006).

Survivorship. The only estimates of annual adult California clapper rail
survivorship were relatively low, ranging from 0.49 to 0.52 (Albertson 1995).
These are slmilar to survival estimates reported for the Yuma subspecies
(Eddieman 1989) Increased predation oceurs durmg extreme wlnter high tides,

the key demographic variable assoclated with surwval of clapper réll populations
(Foin et al, 1997).

Habn‘at Rail foraglng and refuglal habltat encompasses the lower, mlddle and
marsh zones provlde foraging habltat at low tide. Small trda! channels {i.e., first-
and second-order) with dense vegetation covering the banks are Darhcularlv
important habitat features (Keldsen 1997, Garcia 1995). These provide important
foraging habitat and hidden routes for travel in close proximity to nesting habitat.
Higher matsh areas: _'hl' 1 marsh and transiiional zories) with dense vegetation

ot al. 1990, Evens and Colllns 1992, Colllns etal 1 994) Physmal habltat
characteristics critical to clapper ralls include marsh size, Iocatlon relative to

other marshes, presence of buffers or tra nsitlonal zones between marshes and
upland areas, marsh elevation, and hydrolagy (Collins et al. 1994, Albertson
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1995). [Emphasis added-JE]

7 Under "Reasons for Dechne and Threats o SurWVaI" (pgs 109- 110)

signlificant historic degradatlon to clapper rall habitat quallty in remalning tidal
marshes s causéd by numerous human-caused physical and blological changes
in the San Fraricisco Bay Estuary tida/ marshes, including:
(N Constriictlon and maintenance of dlkes in tidal wetlands—many. adverse
effects stem from these actions, including
a.marsh fragmentation and reduction to small isolated marshes b, redugtion fn
uality, distribution a""dfabundance of critlcal sub-habitats, suchas
high tide retugta ,
(2) Replacemenit of tida refugla along Iz
urban edge' . ' )

trafficked areas are Iack!ng Ciapper rails nesting next to regul ly____c_ilsturbed
areas are likely to be subject to higher rates of predation dug asy access
provided by tralls, dikes, and roads. Dislurbance of incubating or brooding adults
may franslate mto reduced hatch or fledge success of young through increased
nest predatlon if the adult vacates the nest, or through temperature stress (heat
or cold) due to lack of thermoregulation by the adult. Reduced reproductive
success results In reduced recruitment to an already unstable endangersd
population. in addition, continued disturbance may sfress the adults and reduce
survival through dlsruptlon of normal activities, such as reduced foraging or
resting time or increased susceptibllity to predators. Reduced survival of adult
clapper rails may also Impact the long-term viabllity 6f the popuiation, which hias
been Identified as the mast critical life stage In popufation models (M. Johnson

unpubl. data; Foln ef al. 1997).
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Peter R. Baye, Ph.D.
Coastal Ecologist, Botanist

. ._.___ 33660 Annapolis Road __I
Annapolis, California 95412 '

(415) 310-5109 baye@éérthlink.net

MEMORANDUM

To: Ellison Folk, Shute-Mihatey & Weinberger LLP folk@smwlaw.com

Date: July 30, 2012

SUBJECT: San Rafael Airpott Recreational Facility FEIR (SCH 200612125) biolopical

resources

1.T have reviewed the City of San Rafael’s San Rafael Airport Recteational Facility FEIR and
DEIR’s sections on project descdption and biological resources, at your request. Following
prelunmary teview of potentially significant i impacts and mitigation measutes, I focused my
review on an apparent gap (mgmﬁcant ommission) in the EIR’s assessment of lang term
cumulative impacts of the project on foreseeable futute ctitical high tide refuge habitat fot
the California clapper rail, salt marsh harvest mouse (fedetal and state listed endangeted
species) and California black rail, as well as California black rails (state-listed endangered)
inhabiting the fnngmg salt matsh neighboring the Project site.

The FEIR appatently fails to mtegrate revised sea level rise assessment (hydrological analysis;
HYD-2) with slgmﬁcant habitat and endangered species impacts, in relation t6 levee
maintenance, mowing for “safety” requirements, and the feasibility of the (static) 130-250 ft
buffer zone mitigation (MM Bio 2b-c). Your comment lettet on the DEIR as well as the
comments of Jules Evens, the Matin County Open Space Disttict, Marin Conservation
League, and others all identified the failure of the EIR to adequately address impacts to the
endangered salt ma1sh habltat and the specles that rely on 1t, and the failure to analyza the
the EIR to address the impact of the PJ.‘OJCCI.' combined with sea level tise, on tidal salt
marsh habitat-and endangered spécies that rely on it, including the California Clapper Rail
and the salt marsh harvest mouse. . '

2. The DEIR and FEIR. covetage of endangercd salt matsh speucs habitat issues, however,
appeats to be limited to short-term or near-term impacts based only on cutrent sea level and
habitat configurations, as gh_ough emsung conditions™ prccl_l__l_d_ed__ analysis of foreseeable
cumulative impacts between the project, its mitigation meastires,; and sea level rise over
decades. Rising seca level will change the distribution, quality, and abundance of salt marsh
and high tide tefuge habitat in relation to the flood control infrastructure and its

Peter R. Baye Ph.D.
Coastal Ecalogist, Botanist,

baye@earthlink.net 1
(415) 310-5109 .
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msuntenance on which the pro]ect would depend The EIR did not evaluate conflicts
(un pacts) | between the project’s few flood control Lequlrements (HYD 2) and the mewtable

the exlstlng lcvec, the pro]ect as proposcd would cause of contubute 51gr11ﬁcant1y to “coastal
squeeze” of existing salt marsh and high tide transition zone habitat as sea level rises 12-18
inches by 2050, (The FEIR concedes that 2050 is not a speculative long-term planning -
horizon for this project’s re-assessment of sea level tise and flood vu}_ncrabﬂjty, see response
45.21).

3. Lven if portlons of the exlstl.ng natrow ftlnglng salt marsh’ al:e able to keep pace with sea
of), t ontal extent o salt miarsh

1 increases with sea level rise,

- (dense, taH: vegetation

treme high tides) would

cover for rails ar

decrease if the ley ecologlcal viability of
éxisting salt | mitigation measures MM
Bio2b-c) in thé long term would require Ievee set-back (landward realignment, \mdcmng the

outboard slope below the height ¢ of extrerne hlgh storm ude ﬂood elevations).

The FEIR does not assess the fcaslbﬂ.lty of this bislogical mlugatlon in relation to
foreseeable sea level rise. ‘The exis tifig extent and quality of suitable salt marsh and critical
flood tefuge habitat for éndangered wildlife species (discussed in detail by Jules Evens, letter
40) and buffér Zone functions could be maintained during sea level tise, but only with set-
back of the levee (landwaLd dJsplaccment or modlﬁcat[on of the levee Cross- secllon or
both). In existing
physical coristraint on adapting flood control levees ta sea level rise that is compatible or

_ beneficial to long-term siitvival of endangered tesident tidal marsh wildlife. Project-induced
flood conit¥sl requu:cmcnts ot mitigation measutes (such as spatially fixed, permancnt buffer
zone deed restrictions that may conflict with leve aliphtneit) ‘thay preclude or significantly
impair-feasibility of levee set-back for integrated coastal habitat and flood control
realignment. The DEIR and FEIR ar& silent on t___ 5 __lgmﬁcan onflict it tesoutce
management caused by the pro]ect and static mitigation buffeéf zohes in a tegime of
acccleratcd Eoresceable sea level dse by 2050.

4.1n conclus[on the FEIR appatently has not applied the revised assessment of sea level tise
(tesponse to comment 45-21; Master Response to Comments HYID-4) to.the assessment of
lohg-tetm project impacts on the position, quality, stability, and €xtent of the critical high
tide refuge habitat that cusrently (tempotarily) occuts between the landward edge of the
regularly flooded intertidal salt matsh, and the outboard slope of the perimeter levee. The
FEIR (citing the biological consultant, Monk & Associates) recognized that resident

Peter Ri Baye Ph.D,
Coastal Ecologist, Botanist,
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California clapper rails must “occasionally” seck refuge of the uplands immediately adjacent
to the channel (i.c,, levee trapsition ), but the DEIR and FEIR failed to considet the

_ significant i impacts of forcmg this ctitical habitat zone to occupy a fixed position on a levee
and buffer zone maintained for flood control and vegetatlo'
proff:ssional opinion, the proposed mitigation measures to pt clapper fails would be.
infeasible in the long term unless the project and its mitigation wete redesigned to
accommodate sea level rise with integrated flood control and wildlife habitat, As proposed,

the recreational faclhty development proposed would significantly in 'confhcts w1th this

STATEMENT OF QUALIFICATIONS

Peter Baye s a coastal ecologlst and botanist with 32 yeats professmnal expetience in
conservation and management of coastal vegetation, focusing on dunes, barrier beaches,
tidal matshes, and lagoons, He received his Ph.D. from the University of Western Ontario,
Depattment of Plant Scieti¢es, Ganada, in 1990. Peter performed environmental analysis for
NEPA, Clean Water Act, and Endangered Species Act compliance at the U.S. Army Cotps
of Engineers, San Ftan(:lsco'Dlstnct and prepated endangered species recovery plans and

* Section 7 consultations fot the U.S. Fish and Wildlife Service, Sacramento. He cutrently
works as an mdependent consultmg coastal ecologist in the central California coast reglon
devcloping coastal habitat restoration projects, vegetation management plans, and
endangered species recovery projects. His work in the San Francisco Estuary includes:

¢ lead author and coordinator of USFWS administrative draft recovery plan for tidal
marsh ecosystemns of Central and Notthern California (with appendices), now in
publlc draft;

» author and co-author of two bayland plant community chapters in the San Francisco
Bay Ecosystem Habitat Goals Project Species and Community Profiles volume, co-
chait of Plant Team of the Goals Project, USFWS and U.S. Arrny Cotps of
Engineers representative for the Goals Project, and participant in the current (2012)
Goils Project update for clitnate change/sea level rise;

* co-author ot sole author 6f multiple tidal marsh restoration anid management plans
including habitat for endangered species, including Scars Point Wetland Restoration
Project, Bahia Wetland Restoration Project, Pier 94 San Francisco wetland shoreline
enhancement, Petaluma Marsh Enhancement Project.
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threshold low enough to capture a substantial fraction of futur __”’sxdentlal and non- [ =PI
residential -development that will be constructed to agcommodate future statewide | {ongom Grc
population ‘and job growth, while: setting the emission threshold'hlgh encugh to| Threshoks
exclude small development projects that will contribute a relatlvely small fraction of | * f‘;”;"ﬁﬂaﬁﬂf;‘;’;ﬁf’

the cumulatwe statewxde GHG emissions. Threshoid Based an

C_h;apt_e r7

Market Caphire

The quantltatlve' thlj'_o_s_hold was created by using the following steps:

* Reviewing data from fobr diverse cities (Los Angeles in southern Californis and
- Pleasanton, - Dublin, and Livermore in northern Cahforma) on pendmg
- applications for development

* - Determining the unit’ (dwelling unit or squate feet) threshold that would capture '
' approxtmately 90 percent of the residential units or office space in the pending
application lists.

. ‘Based on the data from the four ¢ities, the thresholds selected were 50 residential

uhits and 30 000 square feet of commercial space.

» :’I_‘he GHG emissions associated with 50 single-family residential units and 30,000
7 square feet of office wete estimated and were found to be 900 nigtric tons and 800
* ‘mettic tons 'respectlvely Given the variance on individual projects, a single
* ‘threshold ¢ -900 metric tons was selected for residential and office pro_lects

e A 900 metr - oh threshold was aIso selected for non-ofﬁce commercna[ projects

economic sectors

o If this threshold is pleferred it is sugpested that a more robust data set be
examined 1o increase the representativeness of the selected fhresholds. At a
minimum, a diverse set of at least 20 cities and/or counties fiom throughout the
state should be examined in order to support the fiarket capture goals of this
threshold. Fyrther; an investigation of market capture may need to be conducted
for different commiercial project types and for industrial projects in order to
examine whether  multiple quantitative emissions thresholds or different
thresholds should be developed.

-ton thresho_l_d_corresponds to 50 residential units, which corresponds to the 84th

s of prolects in the City of Los Angeles, the 79 percentile in theé City of
ofi, the 50" percentile in the City of Livermore and the 4" percentile in the City

of Dub]m ' ThlS is suggestive that the GHG' rec[ucuon burden wﬂl fall on larger pI'O_]ectS

’ higher portlon of prcuects withiin modelately (leermore) or more rapidly developing
areas (Dubhn) These conclusions are suggestive but not conclusive due to the small
sample size, The proposed threshold would exclude the smallest proposed developments
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CEQA

and:

Cilmate Change

ﬁom potentrally burdensome requrrernents to quantlfy and .mitigate GHG emissions
undet’ CEQA. While this would exclude perhaps 10 percent of new residential
development—the capture- of 90-percent- oﬁrevrresrdentlal development wouidestabhsh a
state. It cani- certamly serve as an interim measure ‘and could be revrsed if subsequent
regulatory action by CARB shows that a diffetent level or different approach altogether is
called for.

square feet, retail pro_leets of approxlmately 11,000 squate feet or supermarket spaee of
approximately 6,300 square feet, 35,000 square feet would correspond to the 46"
peitentile of commerelal pmjects in the City of Los Angeles; the 54™ percentile in the
City of Livermore, and the 35™ percenfile in the City of Dublin, However, the
eommerelal data was not separated into office, retall supermalket or other types, and thus
threshold would exclude smaller offices, small retail (llke auto-parts stores) and smail
supermarkets (like convenience stores) from potentially burdensome requirements to
quantify and mitigate GHG emissions under CEQA but would include many medium-
scale retail and supermarket projects.

The . industrial sector is less amenablé.to.a unit-based approach given the di'v'ersrty of
projects within this sector, - One option would be to adopt 4 quantitative GHG entissions
threshold (900 tons) for indusirial projects equivalent fo that for the
residential/commercial thresholds described above. Industrial emissions can résult from
both stationaty and mobile sources. CARB estimates that their suggested reporting
threshold for stationary sources of 25,000 metric tons accounts for more than 90 percent
of the industrial sector GHG emissions (see Threshold 2.3 for 25,000 metric ton
discussion), If the CARB rationale holds, then a 900 metric ton threshold would likely
capture at least 90 percent (and likely more) of new industrial and manufacturing sourccs.
If this approach is advanced, we suggest further exammatlon of industrial project data fo

determine market capture.

This threshold would requlre t’ii‘e vast majority of new development emis_si_on sources to

T hresh_old__2,3: CARB Reporting ’I‘nreshold

CARB has recently proposed to I'qulll‘e mandatory reportlng from cement plants, oil

and verlﬁcatron of emlssrons "CARB issued a prehmmary draft versron of its proposed
reporting requirsments in Atigust 2007 and estimates that it would capture 94 percent of
the GHG emissions associated with stationary sources.
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Chapter7 .

This thresho]d would use .25, 000 metrlc tons per year of GHG as the CEQA CEQA wih
sngmﬁcanee level. CARB. proposed to use the 25,000 metric tons/year value as a.| Nonzero GRG

reporting - threshold, not as.a CEQA mgmﬁcance threshold that would be used to [ ™"
define mitigation requiremérits. CARB is proposing the reporting threshold to begmi

to compile a statewide emission mventory, applicable. only for a limited category of
-sources (large mdustrlal facilities using foss1l fuel combuistion).

A 25,000 metric ton significance threshold would correspond to the GHG &missions

of approximately 1,400 residential units, 1 million square feet of office space, 300,000
square feet of retail, and 175,000 square feet of supermarket space. This threshold would
capture far less than half of new res 1dent1al or. commerclal development.

A§ noted above, CARB estimates the industrial-based criteris uld a_.ccou_nt for greater
than 90 percent of GHG emissions emanatmg from statl Yy SOUrcEs, However,
mdustrlal and manufacturmg projecis oan also iiiclude substantlal GHG emissions from
sources that are. assoclate_ ith the transportatlon of materials and dehvery of
products. When all transportatmn— lated emissions are incl qed it is unknown what
portion.of new industrial or manufagturing projects a 25,000-to 'threshold would actually
capture.

An alternative would be to use a potential threshold of 10,000 metuc tons considered by
the Market -Advisory - Committee. for inclusion in a Greenhouse Gas Cap and Trade
System in California. A 10, 000 metric ton 31gn1ﬁcance threshold would correspond to
the GHG emissions of. approx1mately 550 residential units, 400,000 square feet of office
space, 120,000 square feet of retail, and 70,000 square feet of supermarket space. This
threshold would capture roughly half of new residential or commerelal development.

Threshold 2 4: Regulated Emissions Inventory Canture

Most California air districts have developed CEQA significance thresholds for NOx and
ROG emissions to try to reduce emissions of ozone precursors from proposed sources
that are not subject to NSR pre-construction air quality penmttmg ‘The historical
management of ozone nonattainment issues.in urbanized air districts is somewhat
adalogous to today’s concerns greenhouse gas emlsswns in that reglonal o0zone
concentrations are mulatlve air quality problém caused by relatively small amounts of
NOx and ROG emissions from thousands of individual sources, none of which emits
enough by themselves to cause elevated ozone concenirations, Those same conditions
apply to global climate change where the environmental problem is caused by emissions
from a countless number of individual sources, none of which is large enough by itself to
cause the problem. Because establishment of NOx/ROG emissions CEQA significance
thresholds has been a well-tested mechanism to ensure that individual projects address
cumulative impacts and to force individual projects to reduce emissions under CEQA,
this threshold presumes the analogy of NOX/ROG emission thresholds could be used to
develop similar GHG thresholds. ,

45

rasholids

¥ Appraach Z; Tiered

» 2.3 GARB
tandalory
Reporting

¥ 2.4, Regulgted

Emlsslons nvanlory

Cantiure

172



EXHIBIT F

173




Downloaded from hitp:/ehp03.nichs.nih. gov/artlcle/mfo%3Ado1%2Fl0 12 89%2Fehp 1003231
(Nauonal Institute of Env1ronmental ‘Health Sc1ence) on July 22; 2012 ‘ ‘

Open‘ACCBSSi"f;'" R

Research Article

A Geospatial Analysis of the Effects of -

Aviation Gasollne on ChlldhOOd Blood Lead

Levels
Jﬂmpfﬂ.
. Abstract
+ Results

» Discussion
. Conclusioné':.
. References B
Marie Lynn eranda Rebecca Anthopolos, Douglas Hastlngs

Children’s Environmental Health Initiative, Nicholas School of the Envuonment Duke
University, Durham, North Car_olm_a_, USA

’ Ab"s"tl""actT p

levels in Chlldl'eﬂ lwmg'in six count1es in Nortli Carolma

Methods: We used geographm 1nformat10n systems to approx1mate areas surroundmg alrports in
which lead from avga
deposited to sml We then used regression’ analyms to examine the relatlonshlp betweeti

resldentlal pr' _:__1ty to a.lrports and North Caro]ma blood lead survelllance data in chlldren 9
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Results Our results suggest that_chlldren living w1thln 500 f an alrport at whlch planes use

blood lead levels was evident also among children living w1th1n 1,000 m of alrports The
estimated effect on blood lead levels exhibited a monotonically decreasing dose—response
pattern, with the largest impact on cluldren living within 500 m. 5

Concluswns We estimated a s1gn1ﬁcant E_lSSOClaIIOIl between potentlal exposure to Iead

especially large, the results of this study
surrounding the regulation of leaded avgas,

Keywords: avgas, aviation gasoline, blood lead, childhood, geospatial, lead poisoning.

Citation: Miranda ML, Anthopolos R, Hastmgs D 2011. A Geospatial Analysis of the Effects of
Aviation Gasolirig on Childhood Blood Lead Levels. Environ Health Perspect 119:1513-1516,
http://dx.doi.org/10.1289%/¢hp.1003231

Reeeived: 19 November 2010; Aceepted: 13 July 2011; Onlive: 13 Tuly 2011

Address correspondence to M.L. Miranda, Nichelas School of the Environment, Duke
Umversny, Box 90328 Levme Selence Research Center Room A134 Durham, NC 27708 USA

the geographic information systems staff of the Children’s Env;ronmental Health Tnitiative.

‘This work was funded in part by a grant from the U.S, EPA (RD-83329301) and the N.C.
Department of Environiment and Natural Resources (1 H64 EH000151).

The authors declare they have no actual or potential competing fifianicial interests,

Lead poisoning in children living in the United States has declined dramatically over the last
several decades asa result of bannmg Ieaded gasolme, Iead-based pamt and lead solder in

demonstrates
s, associated with
i-Chiodo et al. 2004;
Lanphear et al, 20_00 Schnaas et al-f-'-2006 A study by Miranda et al (2007,2009,2010) -
suggests that eatly childhood blood lead levels as low as 2 pg/dL can have 31gmﬁcant impacts on
“academic pelformance as measured by end-of—grade test scores. In response to this body of
research, the CDC has stated that there'is no safe level for blood lead in children (CDC 2005).
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One source of lead exposure that is often overlooked is aviation fuel. Lead emitted from aircraft
using Ieaded av1at1on gasoline (avgas) is eurrently the Iargest source of lead in air- 1n the United

Env1r0mnental Protection Agency (EPJ 20101]. Although leaded gasolme for autom_o__hxles was

phased out: of use in the United States by 1995 lead i is Stlll perrmtted m avgas Lead is added to

A &
Although the “LL”? stands for 1ow lead, 100LL gasohne contams up fo 0. 56 g/L lead (’Roya
Dutch Shell 2010). Another grade « of avgas, Avgas 100, contgms higher amounts of lead and is
still in widespread use. Newer varieties of avgas without iéad, including 82 UL and 94 UL, have
been introduced recently. These unleaded fuels are not used as commonly as the two leaded

grades, however, because their octane ratings are too Jow for many small alrcraft engmes

PI'CVIOUS research indicates that lead levels in air néat alrports Where planes use avgas ale

' (Enwronment Canada 2000) and a study at Chlcago (IL) O’Hare airport found that air lead

levels were significantly higher downwind from the airport than upwind (Illinois Enwronmental
Protectmn Agency 2002)

Thus, the combustion of Ieaded avgas by small alrplane engmes may pose a health risk fo
children who live or attend school near airporis. The lead in ait surrounding airports cédn be
inhaled directly, or the lead may be ingested by children after it settles into soil or dust (U.S.
EPA 2010). The U.S. EPA estimates that people living within 1 km of airports are at risk of
being exposed to lead from avgas (Hitchings 2010). The U.S. EPA further notes that about 16
million people live within 1 km of an airport with planes using avgas, and 3 million children
attend school within 1 km of thése airports (U.S. EPA 2010).

Because of the risk of lead poisoning from avgas, environmental groups have pressured the U.S.
EPA to take action to reduce lead emissions from avnatlon fuel. One env1r0nmental group,

(U.S. EPA 2010) The U.S. EPA has reframed from estabhshmg a date by whlch alrcraﬁ would
be required to use unleaded fuel [AOPA (Aircraft Owners and Pilots ASSOGla‘thﬂ) ePubhsthg
staff- 2010]

Here we seek to contribute to research regarding the risk of lead in avgas by determmmg whether
lwm_g near airports where avgas is used has a discernible impact on blood lead levels in children,
Previous studies have examined whether lead from avgas is present in air and soil near airports,
Our work seeks to link avgas exposure to childhood blood lead levels. To elucidate the effects of
avgas on blood lead levels, we compared blood lead levels in children living near airports in six
counties in North Carolina with those in children living farther away from airports but residing in
the same counties. We used a multiple regression model to control for other variables that have
previously been found to affect blood lead levels (CDC 1991, 1997; Sargent et al. 1995) in an

L7



effort to isolate the impact of avgas. The results of thls study are dlrectly relevant to the pohcy
debate surroundmg the regulatlon of leaded avgas. :

Methods T Q
We obtained a database of an'p_:' ';_sf in North Carohna from the U. S. EPA Office of

Mecklenburg, Umon and Wake) (F1gure 1). Counties wete se[ected based on whether they
contained mul’nple alrports with s1gn1ﬁcant air traffic, where sxgmﬁcant 1_1 mbers of children had

we Selected couJ

of housmg We

school we were not able to control for the location of their school relative to the alrports Most
of the children screened for lead are not yet old enough to be attending school. All aspects of this
study were conducted in accordance with a human subjects research protocol approved by the
institutional review board (IRB) of Duke Un1ver31ty ' :

Figure 1.

Study counties.

]

Table 1

Number of airports, estimate of lead emissions from aircrafts, and number of blood lead screens
among cluldren 9 months to 7 years of age in: study counties, North Carolina (1995-2003).-

After 8¢ 1 ':_ctmg our six study counties, we used geograp}uo mformatlon systems (GIS) to
delineate fixed distance areas around each alrport where aitcraft use avgas. We also used GIS to
connect the pomt locatlons of the airports given by address to tax parcel layers for each county

boundary of each alrport We then cteated buffers around eaoh of the alrport polygons to:
represent the a ama in which alrplane emmxons could affect air lead levels Beeause prev10us
(Plazza 1999), we created buﬂers that extehcled 500 m, 1,000 m, 1, 500 m, and 2,000 m fromi the
polygon edges of the airport tax: parcels Flgute 2 depicts th1s approach using the example 6f
Wake County. Airports are indicated by the darkest shade of pink, with the different distance

buffers represented by increasingly lighter shades of pink. The residential addresses of the




children who were screened for blood lead is then overlaid, as shown by the green points. In

accordance with our IRB protocol, the green dots do not represent the actual locations whére

children were screened for [ead. For publicly displayed maps like Figure 2, we randomly move

__the actual location thhe_olnld within.a fixed radial buffer, ai@hmquc,knqwnesjLttenngrlhe, e
analyms itself, however, 1s done ot the true locations of the ehrldren The 500-m;°1,000- -m,

as wmd dlrecttons can alter the dlspersal pattern of. lead particles. Nevettheless,
nd_ dlrectlons and planes ‘that take off in multlple dlrecttons our buffers offer a

with varied
reasonablea

'Au’ports buffered at distances of 500 m, 1,000 m, 1,500 m, and 2,000 m in Wake
County, North Carolma plotted along w1th a Jlttered replesentatlon of the remdentnal addresses

child lived wrthrn 500 m, 1,000 m, 1,500 m, or 2,000 m of an a1rp01't

We supplemented the blood lead screemng and alrport locatmn data w1th data from county tax
based paint), resolved at the individual tax parcel lével. In addltlon, we tised U.S: Céfisus 2000
data on household medlan income (measured in tens of thousands) and proportmn recetvmg
2002), as well as proportlon non-Hlspanrc black and proportlon Hlspamc whrch were obtanwd
at the census block level (U.S. Census Bureau 2001). Because previous work has shown the
season of blood lead soreenmg tobe a s1gmﬁcant predictor of blood lead levels (i.e., warm

lead. screemng data are right-skewed, we used the natural logarithm of blood lead level in our
analyses. We used the spatzlal data arch1tecture desertbed above to regress Iogged blood lead

child was screened and the census demographw variables, We used multlvarrable regression
analysis clustered at the census block group level with inverse population weights at the tax
parcel Jevel to ensure that parcels with multiple blood. lead screens did not overly mﬂuence the
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analys1s We nnplemented crude and adjusted regres il model S for each of the four proxmuty
to aifport variables. We used a categoncal distange t¢ ort vanable with 0-500 m, 501-1,000
m, 1, 001 1,500 m, and 1 501—2 000 m, W1th arefe' fice group 0f> 2,000 m, In addition, we

Results Top:

Blood lead screening | data were avallable for 125 197 chlldren in the study ¢ count1es (Table )
including 13,478 childrén hwng wﬂhm 2, 000 m of an an‘port polygon in the six study counties

(Table )

Our statlstlcal results are shown in Table 3. In unadjusted models, logged 1 blood lead
1evels were 51gmﬁcant1y and pom vely assomated w1th re31dent1a1 proxnmty to an alrport W1th

for mdmdual— and group-level co _o_unders attenuated the assoclatlon betw logged blood
lead levels and residential proximity to an aifport, evidence of a deIeterzous tlonshlp
remained. In the adjusted models, control variables behaved as expected Relative to bemg
screened in the winter season, cthdren tested in the spring, summer; or fall had increased blood
lead Ieve_ls, on average. Residence i poor arid minority. neighborhoods was also associated with
elevatéd lead levels. In contrast, recently constructed housing units were associated with
decreased mean lead levels_. The above assoclatlons wer -conmsten__,b' tWeen the within- d1stance

and categorical dlstance e

multlple linear regressmn (n = 125 197) . o : _. 4

In the w1thm—dlstance_buffe1 speclﬁeatlon for the adjusted models blood lead levels were
51gn1ﬁcantly associal
(C1),:0.006-0.080]; 1, 0 m (coefficient = 0,037; 95%
(coefficient = 0.021; 95% CI, 0.0008-0.041) of an airport. Blood lea

with living at greater distarices, Importantly, the magnitude of the coefficient on the distance to
airport s yariables was largest for those children living within 500 m and decreased in a dose—
response fashion out to 1,500 m, On the basis of distance to airport coefficients, children living

0.010-0,065), and 1,500 m -

with residing within 500 m [égéfficient = 0.043; 95% confidence interval

lood lead levels were not associated :



within 500 m, 1,000 m, or 1,500 m of an airport had average blood lead levels that were 4.4, 3.8,
or 2:1% higher, respectively, than other children. .

In the categorlcal dlstance spe01ﬁcat10n compared w__rth th ' 'ference category. (> 2, 000 m from

CL -0.003 10 0.072). Nerther the 1,001-1 ,500 m nor the 1, 501—2 000 m category ‘was srgmﬁeant
at the 5% level, with coefficient estimates near the null value These results taken collectively
suggest that:children’ lrvmg within 500 m and within:1,000 m dte drrvmg 1lie results in the

models that entered the within-distance threshol'd' varlables separately

Discussion Top

Based on the geospatial and statistical analysis presented above, lead from avgas may have a
small (2: 124.4%) but srgmﬁeant impact on blood lead levels in children who live in proxrmrty to
airports where avgas is used. The magnitude of the estimated éffect of living near airports was
largest for those children living within 500 m and decreased in a monotonic fashion out to 1,500
m. Becausé our model takes into accoutit only whether - chlld is living aniywhere in a fixed
distance (500 m, 1,000 m, or 1,500 m) tadius of an airport, children who live very close to or
downwind from a runway could be atfected more significantly than the average value that we

estimate for all children llvmg within the buffer,

Our finding that living beyond 1,000 m of an airport using avgas does not have a significant
 relationship with blood lead levels is feasonably consistent with prevrous research suggestinig
that lead drops to baekground levels beyond 1,000 m from an arrport ( iazza 1999).

decrease it in others. Furthermore, our model consrders onIy whether children hve anywhere
wrthm a particular d1stance from an airport and does not consrder the fact that some pornts w1th1n
between avgas and: blood lead could be 1mproved by 1neorporat1ng wind dlrectron m_formatron
by obtaining information about where piston-engine aircraft typically take off or land at each
airport, and by controlling for air traffic volume. In addition, the variability in our geocoding
success rafes may introduce spatial bias. To partially address this, we re-ran the analysis without
Umon County, which had the lowest geoeodmg rate (37% compared wrth 58% for the remaining

inevitably poor. We felt it mlportant to include @ rural cdunty, S0 We reported results with Union
County data, Nonetheless, the analysis’ presented here would be sttengthened with better
geocodmg rates Fma_lly, extendmg the study tor addltlonal counties throughout the United States

. Conclusw_n_s '_I‘__p

(8o



Our analysis indicates that living within 1,000 m of &t au'port where avgas is used may have a
mgmﬁcant effect on blood lead levels in chlldren Our results further suggest that the xmpacts of

literature examlmng whether leaded avgas poses risks ___clren s health and speaks directly to
the ongomg polley debate regardmg the regulatron of leaded avgas. '
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US. Department

of Transpoertation C ® _ l

Federal Aviation lr cu ar
Administration )

Subject: SPECIFICATION FOR Date: 09/12/06 ACNo.: 150/5345-43F

OBSTRUCTION LIGHTING EQUIPMENT Inifiated by: AAS-100 ~ Change:

1. PURPOSE. This advisory circular {AC) contains the Federal Aviation Administration (FAA)
specification for obstruction lighting equipment.

2. EFFECTIVE DATE. Effective 6 months after the date of this circular, only that equipment
qualified per this specification will be listed in AC 150/5345-53, Airport Lighting Equipment
Certification Program.

3. CANCELLATION. AC 150/5345-43E, Specification for Obstruction Lighting Equipment,
dated Qctober 19, 1995, is canceled,

4, APPLICATION. The specifications contained in this AC are recommended by the FAA in ali
applications involving development of this nature. For airport projects receiving Federal funds under the
airport grant assistance program, the use of these standards is mandatory,

5. DEFINITIONS.

a, Beam Spread. The angle between the two directions in a plane for which the intensity is
equal to 50 percent of the minimum specified peak beam effective infensity.

b. Vertical Aiming Angle, The angle between the horizontal and a straight line intersecting
the beam at its maximum intensity,

. Steady-Burning {fixed) Light, A light having constant luminous intensity when observed
from a fixed point,

d. Effective Intensity, The effective intensity of a flashing light is equal to the intensity of a
steady-burning (fixed) light of the same color that produces the same visual range under identical
conditions of observation.

6. PRINCIPAL CHANGES,

. Added a requirement for the use of ultraviolet and ozone resistant materials with xenon
flashtubes.

b Added a requirement for solar radiation resistant plastic parts and applicable testing.

(3 Added a requirement for surge protection and festing for equipment with solid-state
devices,

v
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d. Added requirements from FAA Engineering Brief #67 as necessary 1o prowde
requlrements for obslruchon hghtl ng using alternative light sources {(ALDs).

e Added optlonal radiated emissions requirements with no testing requlred

7 METRIC UNITS. To promote an orderly fransition to metric units, this AC mciudes both
English and metric dimensions, ‘The metric conversions may not be exact equlva!ents, and until there is
an official changeover to the metric system the English dlmensmns will govern.

8. COMMENTS OR SUGGESTIONS for improvements to this AC shouid be sent tor

Manager, Alrport Engineering Division
Federal Aviation Administration
ATTN: AAS-100

800 Independence Avenue, 8, W,
Washington, DC 20591

9.  COPIES OF THIS AC. The Office of Airport Safety and Staridards miakes this AC available
online at www.faa.gov,

DAVID L. BENNETT
Divector of Alrport Safety and Standards

(%



09/12/06 . AC 150/5345-43F

TABLE OF CONTENTS
CHAPTER 1. SCOPEANDCLASSII‘ICATI()N.. s ————————— ]

L1 SCOPE cisummmsesnsnrinpsanssesssiiiinishinsisssesstssssonsassaitnsssssasaspassphsssssiis .
1.2 EQUTPMENTCLASSIMCATION. TP ST SN

2 ] GENERAL.........;....'.....,..'....".-..'..... ........... VTSI T T iveshasnin .

22  FAA ADVISORY CIRCULARS (ACS)...ocuiinininiviiiricnsininni rerirenseisinisnebintenit Vindsshb e s et
23 FAA ENGINEERTNG BRIEES. sovvreainisiosmioviniomnsnnrerrasiasisivisesenspressisvieivassise rivrbeasssi
24  MILITARY STANDARDS AND SPEC[FICATIONS ; ¥

2.5  CODE OF FEDERAL REGULATIONS (CFR). ...oueouneo '..' .................. WP
2.6 INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE} PUBLICAUONS TR
2.7  INTERNATIONAL STANDARDIZATION ORGANIZATION (ISO) PUBLICATIONS
2.8  INTERNATIONAL CIVIL AVIATION ORGANIZATION (ICAO). .ocerinvmrvirnrensae
29  ILLUMINATING ENGINEERING SOCIETY (IES)...... ................. '

CHAPTER 3. EQUIPMENT REQUIREMENTS....c.cocoouvrsisrmsnininiar

3.0 GENERALusuvirsissivssiamsssssssmseisisnsusin
3.2  ENVIRONMENTAL REQUIREMENTS, iy, . LSO AP
3.3 DESIGN REQUIREMENTS uiusmsviriersinsersivmssssssssasssenssens rersesnrissesiotmastserarssassnasiiasiton -
33,1 Light Uniti..icrne. ereersrnr s S UV cieensbeeseriirosens w7
33.2 Light COVETS..iimimmsimimmmsinsinesnesesen BTN Freshertbes e raeas w7
3.3.3 LightCOIOYS-i.......'u..;.'.......,._...,.......a............................_...m....................‘.......m..................,...7
3.3.4 ATMINg (For L-856 and LeB57)iuuivmrmrcvrsoreversssivsisressinsesassissnssssrentsssnssssisisisssasiressissersaasios 8

8

9

COYYEYIPT T LLELIL D

SERRANERRLANIRNNE

I Y N Y LTI L LI R L A R L)

T S P P PP T N O OUPIPTT RS

3
3
3
3
3
3
7
7
7
7

3.3.5 CONMEOL UM viiisnnirinummeimisemmessnssstinstinrmmnisstreerseeinie st assesssstsasss bobssva aresiesasonsnsinsors pisnssrsssrases
336 INPUE VOUBZE. uovvrrrvceresssiismnrmsiseisssssisssninnrssssstrsssisnisibyasss :
3.3.7 Performance Criteria. ..o, virieraeepraeas Crererenes
3.3.8 Transient Protection. ..o serserssens
3.3.9 Radlatadlessmns e ...10
33,10 Waming Labels. v i assisssasseesssssnossre 10
3.3.11 Interlock Switches ............................... etcetEaurrny s rrne s ba b AR b aaaa et sesrrenrrsare e s snnen e re 10
33,12 Nameplate, .ivismneiimess VU SO SOOI PTG 1 |
3.3.13  Opiional Al‘Cth KLt Areveser e e e ras YRS ar bt e b e R R TRV VRS e
3.3.14 ComponentRatmgs..._..._ ................................................. YO
3305 Leakage CUITENL .yiiieensisismsiesiersrscserasssesessiosesissinsssiinstassmissmassassssnsvms nsssessesisssosrasnsss 11
34 PERIORMANCEREQUIREMENTS ..... e Y EE TR R RS R IR P RS RR LRSS pe RO RS AR ERETS STV & |
3.4.1 Photometric. .ieevivinins vt eane dtberacsninaniessau sEeY TR YD FYFSAE PR ISt rEREbEeRb e s eaned reerenrererenrrirave el e 11
34,2  Flash Rate and Duration..au . O OO P A AR PR 14
343 Systern Flashing REGUIFCMIENS. ..o sriiiimiassersessivsesmsmossmnisssnssieionmisnsmassessrssssssnusssissmaesios 19
344  Intensity Step Changing........... Db der s et ia b b ra et esas s s e e s s ndentasernsspastens 10
3.5 INSTRUCTION MANUAL....cciirimnrrsserssssssisiessiomsssssssssssssassstssbanssoterstassinsssssssiess eeresarerneinens v 16

CHAPTER 4. EQUIPMENT QUALIFICATION REQUIREMENTS..oucrumuesmusmisnssissreassssrssarsnsnsens 19

4.1 QUAL;FICATIONPROC}:DURJ:b ...... R T e R s e FTPOTE 19
4.2  QUALIFICATION THSTS... T SO R SR TP L.
4.2.1 Photometric Test, i..vummeennsnns . ;
4.2.2 High Temperatute Test. ............. S

...... T e P L TR Y AAERIRIERIRNARIN

L] alabEy 1llllll¢lltlil llllllllll 10

/87



AC 150/5345-43F 09/12/06

423 Low Temperature Test: .. et en st b er e prverersreaeresrasssesrsresassrsnssnerrs 20
424 R TOS cuiiiiriireas s snimasississssieis st 508tk st et b b6 e bbb s se st aprr et besrmes s bab £
42,5 Wind TeSt e veerrrsssnrnsrins seesensraceninay SN ey e RSN R Sr e vee B BT BT LR o anrara s e TS 21

42,6 Humidity Test.,
427 Salf Fog Test. i, o
4,2.8 Sunshine Test. ...... et s eatern

S e T T T AL R T TR 0 T 21

BT TP PPN EN A1 il

. s
429 ik . e e e e e b s 22

4210
4.2.11
4212

sisspassnsnnesseses 22
RN KRR
TR |

T LI L LTI R TIT P I PP

CHAPTER S. PRODUCTION TEST REQUIREMENTS. ..ciosnmmmmmmmninomessin 23

Table 1.

Table 2.
Tabile 3.
Table 4,
Table 5.
Table 6.

ii

5.1
3.2
5.3
5.4
5.5
5.6
3.7
5.8

SYSTEM PRODUCTION TESTS, 1uuvevvsrivisianebivesinviessisisinense sserene 23
INCANDESCENT LIGHT UNIT PRODU(,TION TESTS prresreinens
ALTERNATIVE LIGHTING DEVICES (ALD)
DISCHARGE LIGHT UNIT PRODUCTION TEST- 111vveees rerersressrnsieses -
PRODUCTION OPERA’I‘IONALTFSL T Ve S AU TS
PRODUCTION PHOTOMETRIC TEST .................... vrvrreieaarin veoeraen -

PRODUCTION TEST RECORDS. i tsivnrivsssioriossrsasaresosnioessiorasiniis ATARTRRTIN

PRODUCTION TEST EQULPVIEN!‘ s s s T 27

seatbibstarrinage

LIST OF TABLES

L-856 Infensity ReqUITEMENLS. ... iuimismmntisisinivsinmnsiiaisissinssmssssssissismnisiosssssernsisesisasamsserss 13,

L-857 Intensity Reqmrements 13
[.-865 Intensity Requirements........ e St s et pvr e 14
Flash Characteristics for Obstruction TAZIES v e OO 15
L-856/L-857 Production Photometric ReqUIrINENES. ....viviuiinintetesssesssnmrnmmisssrsssnsmssasensssesresss 20
L-865/866/864" /8851 Production Phofometric REUINSIMENtS, ... vceirisnsssivsisnsinssrenssiossens 26

(88



09/12/06

LLSeope.. ..

AC 150/5345-43F

CHAPTER 1, SCOPE AND CLASSIFICATION.

This speciﬁcation_ sols forth the Federal Ayi_atitjll_Admirﬁstration (FAA) requirements for obstruction
lighting equipment used to increase conspicuity of structures to permit early obstruction recognition by

pilots.

1.2 Equipment Classification.

Type
L-810
L-856
L-857
L-864
L-865
1.-366

L-885

Description

Steady-burhing red obstruction light

High intensity flashing white obstruction light, 40 Flashes Per Minute (FPM)
High intensity flashing white obstruction light, 60 FPM

Flashing red obstruction light, 20-40 FPM

Medium intensity flashing white obstruction light, 40 FPM

Medium intensity flashing white obstruction light, 60 FPM

Flashing red obstruction light, 60 FPM
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CHAPTER 2, REFERENCED DOCUMENTS.

2.1 Gengraul.: e o

The following is a listing of documents referenced in this AC.
2.2 FAA Advisory Circulars (ACs).

AC 70/7460-1 Obstruction Marking and Lighting

AC 150/5345-53 Airport Lighting Equipment Certification Program
2.3 FAA Enginecering Briefs.

Engincering Brief #67. Light Sources Other Than Incandescent and Xenon for Airport and
Obstruciion Lighting Fixtures

2.4 Military Standards and Specifications.

MIL-STD-310F Environmental Engineering Considerations and Laboratory Tests
MIL-C-7989 Cover, Light-Transmitting, for Aeronautical Lights, General
Speclfication for

2.5 Codle of Federal Regulations (CFR),

Title 47 Telecommunications
Part 15 Radio Frequency Devices

2.6 Institute of Elecirical and Electronics Engineers (IEEE) Publications.

IEEE C62.41-1991 IEEE Recommended Pracfice on Surge Voltages in Low-Voltage AC
Power Circuits -

IEEE C62.45 IEEE Recommended Practice on Surge Testing for Equipment Connected
to Low-Voltage (1000 V and Less) AC Power Circuils

2.7 International Standardization Organization (ISO) Publications.

ISO-10012 Measurement Managemeni Systems — Requirements for Measurement
Processes and Measuring Equipment

2.8 International Civil Aviation Organization (ICAQO).
Amnex 14 Volume 1, derodrome Design and Operations
2.9 llluminating Engineering Socicty (IES).

IES Handbook Reference and Application Volume, 8th Edition, 1993, Flashing Light
Signals, pp. 96-97
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* Copies of FAA ACs may be obtained from:

U.S. Department of Transpottation
Subsequent Distribution

Office Ardmore East Business Center
3341 Q 75™ Ave.

Landover, MD 20785

Tel:  (301)322-4961
FAX: (301)386-5394
Website: www.faa.gov

Copies of military standards and specifications may be obtained from:

DAPS/DODSSP

Building 4, Section D

700 Robbins Avenue
Philadelphia, PA 19111-5094

Tel:  (215)097-2179
FAX: (215)697-1460

Website: dodssp.daps,dla.mil

Copies of IEBE standards may be obtained froin:

IEEE Customer Service Center
445 Hoes Lane

P.O.Box 1331

Piscataway, NJ 08855-1331

Tel:  (800) 678-4333

FAX: {(732) 981-0060 (Worldwide)
FAX: (732)981-9667

E-mail: storehelp(@iecee.otg
Website: *  shgp.iege.org/ieeestore

Copies of the TSO document are available online from:
Website: www.iso.ch

Copies of ICAO documents may be obtained from:
ICAQ, Document Sales Unit
999 University Street
Montreal, Quebec, Canada H3C 5H7

Telephone: +1 (514) 954-8022
FAX: +1(514) 954-6769

E-mail: sales@incao.int
Website: www.icao.int
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Copies of IES of North America (JESNA) documents may be oblained from:

Website: www.techstreet.com

or
Website: www.lesna.org/shop/
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CHAPTER 3. EQUIPMENT REQUIREMENTS.

31 General,

This section addresses environmental, design, and photoinetric requirementé for obstruction light
equipment. Criteria for selecting the proper obstruction lighting equipment, installation tolerances, and
administrative information are in AC 70/7460-1, Obstruction Marking and Lighting.

3,2 Environmental Requirements.

Obstruction lighting equipment must be designed for comtinuous operation under the following
conditions:

a. Temperature, Storage/shipping: -67 degrees Fahrenheit (F) (-55 degrees Celsius (C)) to
130 degrees F (55 degrees C). Operating: -40 degrees F (-40 degrees C) to 130 degrees F (55 degrees
).

b. Humidity, 95 percent relative humidity.

c. Wind. Wind speeds up to 150 miles per hour (mph) (240 kilometeres per hour (kmph)),
d. Wind-blown Rain. Exposure to wind—biowﬁ rain from any direction.

e Salt Fog. Exposure to salt-laden atmosphere.

f. Sunshine. Exposure to solar radiation.

3.3 Design Requirements,
3.3.1 Light Unit,

The light unit must be lightweight and designed for easy servicing and lamp (or flashiube) replacement,
Materials used within the light unit must be selected for compatibility with their environment. All plastic
lens parts (including gaskets), that are exposed to ultraviolet radiation or ozone gas must not change
color, crack, check, disintegrate, or be otherwise degraded (photometry must remain compliant} and meet
the equipment warranty requirements of AC 150/5345-53, Appendix 2. Each light unit must be an
independent unit and must {Tash at the specified intensity or at its highest intensity when control signals
are absent.

3.3.2 Light Covers.

Light-transmitting covers for light units must be per the requirements in MIL-C-7989. In addition, if
plastic covers are used, they must be resistant to checking, crazing, or color changes caused by uliraviolet
radiation or ozone gas exposure,

3.3.3 Light Colors.

The aviation red must be per ICAQ Annex 14, Volume 1, Appendix 1, Colours for Aeronautical Ground
Lights, at operating femperature within the following chromaticity boundaries;

putple boundary vy = 0,980 - x
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yellow boundary y = 0335
xtytz=1

Xenon flashtube emission or a color temperature range from 4,000 to 8,000 degrees Kelvin is acceptable
for .white obstruction lights. See Engmeermg Brief #67 for additional information about lamp
chromaticity requirements.

3331 Light Color D:lring Daytime,

Means must be provided on all 1.-810 obstruction lights to indicate the specified non-powered color
during daytime viewing. See Engineering Brief #67 for additional information,

3.34  Aiming (for 1-856 and L-857).

Light uﬁit__s must have a method for adjustment of the vertical aiming angle between 0 and +8 degrees. A
spirit level or other device must be provided as part of each light unit for setting the vertical aiming angle
of the light beam with an accuracy of one degree.

3.3.5 Control Unit,
3.3.5.1 Flashing White Obstruction Lighting Systems,

The control unit must set the.system's flash rate, intensity and sequence and must be capable of
contmllmg light units up to a dlstance of 2,500 feet (ﬁ) {762 meters (n)). If the control unit or contro}
wiring fails, the light units must continue to flash per Table 4 flash rate. Failure of an intensity step
change circuit must cause all light units to remain operating at their proper intensity or alternatively fo
operate at the high intensity step

3.3.51.1 Moritoring,

Each light unit must be monitored for FLASI/FAIL status. FAIL status is defined as either of the
following conditions: unit misses four or more consecutive flashes; unit flashes at wrong intensity step
during day operation, Momtormg must be fail safe (i.e., active signals for FLASH and absence of signals
for FAIL). There must be a provision to permit connechon to a remote alarm device, (supplied by othexs
or as an option), to indicate the system and individual light unit FLASH/FAIL status.

NOTE: See Engineering Brief #67 for additional information regarding the failure requirements for
" multiple alternative lighting devices (ALDs),

3.3.51.2 Placement.

The control and monitor functions may be consolidated in a light unit or ina single enclosure for remote
mounting or they may be distributed into several light units, '

3.3.5.1.2.1 Remeote Mounting,
In addition to the above, if placed in a remote mounted enclosure, the control unit must display the status

of each light unit. An intensity control override switch must also be mounted in the enclosure fo
manually control light intensity during maintenance or in the event of a photoeleciric control malfunction.
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3.3.5.2 Fiashing Red Obstruction Lights.

The-eontrol-unit-must-set- the—systemﬁﬂash rate-and-flash-sequence—Eailure-of-the-flashing-eircuit-must
cause the light units to energize and operate as steady burning lights. An overrlde switch must be
mounted o the. control unit to manually control the lights during maintenance or in the event of a lack of
a photoelectric control signal. To insure proper operation, all flashing red obstruction lights, inclusive of
any associated system steady burning red lights, must be certified with a control unit whether mternal or

external to the lighting unit,
3.3.52.1 Dual Lighting Systems.

The control unit may be a separate unit or incorporated as part of either the white or red obstruction light
control unit, The control unit must set the operating mode for each light unit in the system, -Outage of
one of two lamps, or any failure in the device that causes a reduction in intensity of the horizontal beam
or results in an outage in the uppermost red beacon (L-864 unit) or outage of any uppermost red strobe,

must cause the white obstruction light system to operate in its specified "night” step intensity. At no time
should both red and white systems be on simultaneously, An override switch must be mounted on the
control unit to manually control the operating mode of the system during maintenance or in the event of a
lack of a photoelectric control signal.

3.3.5.2.2 Monitoring.

Each separate L-864 light unit and each tier of L-810 light units must be monitored for FLASH/FAIL
status. FAIL is defined as outage of any lamp in an L-864 light unit, outage of any one lamp in a tier of
L-810 light units, or failure of a flasher (sicady on and/or total) for an 1.-864 light unit, Monitor signals
must be fail safe (i.e., active signals for FLASH and absence of signals for FAIL). There rust be a
provision to permit connection to a remote alarm device, (supplied by others or as an option) to indicate
FLASH/FAIL status.

NOTE: See Engineering Brief #67 for additional information regarding the failure requirements for
multiple alternative lighting devices (ALDs).

3.3.6 Input Voltage.

The obstruction lighting equipment must be designed to operate from the specified input voltage £10
percent, Incandescent lamps must be operated to within +3 percent of the rated lamp voltage to provide
proper light output,

3.3.7 Performance Criteria.

Manufacturers are fequired to publish performance criteria for all light generating. devices (see
Engineering Brief #67).

3.3.8 Transient Protection.

dewces that are tested agamst defiried waveforms per IEEE C62.41- 1991 Table 4, Location Categnry Ci,
for single phase modes (fine to ground, line to neutral, line and neutral to grounid).
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3.3.9 Radiated Emissions,
NOTE: Optional only. No equipment qualification is required.

a. Obstruction Ilghtmg that uses electronic mrcmtly to power the light source must be
classified as an incidental radiator (47 CFR §15.13). This applies to equipiient that docs not intentionally
generate any radio frequency energy, but may creafe such energy as an incidental part of its intended

operations.

b, :("_)Ibstruction light systems must employ sound engineering practices to minimize the risk
of harmful interference.

3.3.10 Warning Labels.

All enclosures that contain voltages exceeding 150 volts direct current (VDC) or alternating current (AC)
root mean square (rms) must have high voltage waming label(s) placed at a conspicuous location(s).
Also, a visual indicator must be included within the enclosure to indicate that greater than 150 VDC is
present on the high voltage capacitors,

3.3.11 Interfock Switcles.

Interlock switches miust be 1ucorporated in each power supply and optionally in each flashhead so that
apening either unit must (1) interrupt incoming power and (2) discharge all high voltage capacitors within
the enclosure to 50 volts or less within 30 seconds,

3.3.12 Nameplate,

A nameplate, with the following informati(;n, must be permanently attached to each unit:

a Name of unit (light unit, control unig, etc.).

b, FAA type (e.g., L-856, L-864, etc.).

c. Manufacturer's catalog number.

d. Manufacturer's name and address.

€. Rated separation distance in feet is fo between power supply and optical head
wsing American Wire Gage (AWG) conditctors. (Item ¢ is required if a unique power supply and its

associated optical head are separate components of the lighting system as in the case of some discharge
lights.)

In addition to the above, the power supply must include nominal input voltage, number of phases,
frequency, and peak VA rating,

3.3.13 Optional Arctic Kit

Light systems may be offered with an optional arctic kit to enable operation in temperatures below -40
degrees F (-40 degrees C).

10
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3.3.14 Component Ratings,
3.3,14.1  Discharge Type Lighting Equipment.____ L

The flashtube or flashtubes must have a minimum rated life of two years w1th0ut maintenance or Ioss of
light output below the mininium specified candela,

3.3.142  Component Separation Rating,

If the light unit's power supply and optical head are separate components, the manufacturer must rate each
light unit for maximum and minimum separation at a given AWG wire size, The manufacturer must
include this rating on the nameplate per section 3.3.12. The rating certifies that the unit meets all
requirements within the rated distances. The manufacturer must maintain records of test results which
support the stated separation rating unttl the next systetn re-qualification.

33143 Incandescent Light Equipment,

Lamps must have a minimum rated life of 2,000 hours at rated voltage.

3.3.144  Alternative Light Source Equipment,

Light sources other than incandescent or xenon-(light emitting diodes, cold cathode) must have a
minimum rated life of two years without maintenance or loss of light output below the minimumn
specified intensity (see Engineering Brief #67).

3.3.14,5 _ Light Equipment Components.

All components used in obstruction lighting equipment, except lamps, must be designed to meet
performance requirements for a minimum of one year without maintenance.

3.3.15 Leakage Current.

All obstruction lighting equipment classified in paragraph 1.2 must be designed to withstand application
of 1,000 volts AC or 1,414 volts DC between the input power leads and equipment chassis for 10 seconds
during which the leakage current must not exceed 10 microamperes at amb1ent room temperature and
hurnldlty

3.4 Performance Requirements,

3.4.1 Photometric,

3.4.1.1 General.

The effective intensity for flashing lights must be calculated per the following formuia by the method

described for Flashing Light Signals in the TRS Handbook, 1993 Reference and Application Volume 8th
Edition, Pages 96 and 97:

11
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= [l]'IdtJ/(Oz +(t, -1,)

Where:
A = Effective intensity (Candela)
I = Instantaneous intensity (Candela)

1,12 = Times in seconds of the beginning and end of that part of the flash when the
value of / exceeds I,. This choice of the times maxnmzes the _value of L.

For discharge type ﬂashmg lights, the equipment must prowde the specified light output at the gpecified
temperature extremes as the input voltage simultaneously varies by ::10 percent from nominal. The light
intensity and beam distnbunon requirements for obstruction lighting equipment are specified below. All
intensities listed are effective intensities (except steady-burning red obstruction lights) meastred at the
flash rate specified in Table 4, All incandescent lights will be testccl as steady burning lights, Additional
requirements for ALDs are in Engineering | Brief #67.

The effective intensity for multiple pulse flashes as used in strobe llghts during nighttime operatxon must
be calculated by:

TR

L] 7]

e =

o |
02+t,—4 | | 0241t

The frequency of the pulséé must not be less than 50 Hz and the iriterval__t_A- t; must not vary by more than
+5% ftom the nominal value from pulse fo pulse over the simuttaneous extremes of temperature and input
voltage.

3.4.1.2 1-810 Light Unit,
The center of the vertical beam spread must be between +4 and +20 degrees. With a minimum vertical
beam spread of 10 degrees and at all radials throughout 360 degrees, there must be a minimum intensity

of 32,5 candela. Mechanical interface for installation must be 3/4 or 1 inch National Pipe Thread (NPT}
side and/or bottom,

3.4.1.3 1-856 Light Unit.

The bean spread and effective intensity must be pér Table 1.
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Table f. L-856 Intensity Requirentents,

- (degrees)

Day - 900r 120 3-7 270,000 :+25%

Twilight 90 or 120 3.7 20,000 £25%

Night 9__0 or 120 3-7 2,’00_0 +25%

NOTES: '
(1) Multiple hght units may be used fo achreve a horizontal cover age of 360 degt zeg,

degrees elevation angle (harz‘zontal) must be at least as greatl as - the minimum speczf Ted beam
peak intensity. For stray light, the intensity at 10 degrees below horizontal, at any radial,
must not be greater than 3% of the peak zgirenszty_at the same _r_'q_dzal

3.4.1.4 L-857 Light Unit,

Photometric requirements are defined in Table 2.

Table 2. L-857 Intensity Requirentents,

Day 90 or 120 3-7 140,000 £25%

Twilight 90 or 120 3-7 20,000 +25%

Night 90 or 120 3-7 2,000 £25%

NOTES:

(1} Multipie frghl units may be used to achieve a horizontal coverage of 360 degrees.

(2) When the light unit is installed per the manufacturer's instructions, the intensity af z6r0
degrees elevation angle (horizontal) must be at least as great as the minimum specified beam
peak intensity. For stray light, the intensity at 10 degrees below horizontal, at any radial,
must not be greater than 3% of the peak intensity at the saine radial,

3.4.1.5 L-864 Light Unit.
At all radials throughout the omnidirectional 360 degrees, there must be a peak effective intensity of

2,000 +25 percent candela, There must also be a minimum effective intensity of 750 candeta throughout
a minimum verfical beam spread of 3 degrees.

13
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3.4.151  Beam Adjustment,

Whei the light unit Is installed. per the manufacluter’s instructions, the intensity at zero degrees elevation
-angle (horizonital) must bie af least as great as the minmum spec:ﬁed beam peak intensity.

3.4.1.6 L-865 Light Unit,

Photometric requirements are defined in Table 3.

Table 3. L-865 Inténsity Reguirerténts,

Day/Twilight 360 3 minioium | 20,000 £25%
Night 360 3 minimum 2,000 £25%

NOTES:
(1) -Multiple light units may be used to achieve a horfzontal cavemge of 360 degr ees
(2) When the light unif is ‘insialled per ihe inamifuctiver's irstructions, the intensity af zero
degrees elevation angie (horizorital) must bé al least as great as the minimtn specified beam
peak intensity. For stray light, the m!ensn’y at 10-degrees below horizontal, at any radial,
must not be gregter than 3% of the peak mrens:w at the same radial.
3.4.1.7 L-866 Light Unit.

"“The requirements are the same as the L- 865 !aght unit, except the flash rate must be 60 Hashes per minute
(FPM).

3.4.1.8 L-885 Light Unit.
The requirements are the same as the L-864 light unit, except the flash rate must bé 60 FPM.
3.4.2 Tlash Rate and Duration,

Flash characteristics are defined in Table 4.

14
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Table 4. Flash Characteristics for Obstruction Lights

L-856 | Day & Twilight 40 FPM_' Less than 10() milliseconds._(t_ns)__

L-856 | Night 40FPM | Between 100 and 250 ms inclusive

L-857 | Day & Twilight GOFPM | Less than 100 ms

L-857 [ Night 60 FPM Between 100 and 250 ms inc]ﬁsivé
1/2 10 2/3 of flash penod if incandescent lighting @,
1-864 | Single 20-40 FPM and between 160 and 2000 ms inclusive if other
[ hghtmgsources n

1-865 | Day & Twilight | 40FPM | Less than 100 ms

1-865 | Night AOFPM | Between 100 and 1000 ms inclusivé

L-866 | Day&Twilight | GOFPM | Less than 100 ms

Night o 60-FPM | Between 100 and 250 ms inclusive

1/2 to 2/3 of flash period if in(';and.eScent lighting
L-885 | Single 60 FPM and between 100 and 670 ms inclusive if other lighting
soutces,

NOTESY
(1) Flash rates have a tolerance of 5 percent.
(2) When the effective flash duration is achieved by a group of short ﬂashes, the short flashes
must be emitted at a rate of not less than 50 Hz.
(3) The light intensity during the "off" period must be less than 10 percent of the peak effective
intensity. The "off” period must be at least 1/3 of the flash period.

3.43 System Flashing Requirements.
3.4.3.1 Simultaneous Flashing Systems,

All obstruction lights in systems composed of either 1.-864 nght units or L—856 and/or L- 865 hght units
must flash within 1/60 of a second of each other.

3.4.3.2 Sequenced Flashing Systems.

a, Catenary support structure systems composed of 1.-857, L-866, or L-885 light units must have
a sequenced flashing characteristic,

b. This systera consists of three lighting levels on or near each supporting structure. One light

level is near the top, one at the bottom or lowest point of the catenary, and one midway between the top
and botiom.
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¢; The flash sequence must be middle, top,-and bottom. -

" d. The interval between top and bottom ﬂashes must be about twme the mterval between rmddle
and top flashes. S R ARREY :

e. The interval between the end of one sequence and the beginning of the next must be about 10
times the mterval between middle and top. flashes, . .

f. The time forthe completion of one cycle must be one second (&5 percent).
3.4.4 Intensity Step Changing,
3.4.4.1 White Obstruction Lights,

The light unit intensity must be conirolled by a photocell facing the northern (polar) sky., White
abstruction lights must automatically change intensity steps when the ambient light changes as follows:

a. From day intensity to twilight hltc'l"_isi_ty when the illumination decreases below 60 foot-candles
(645.8 hux) but before it teaches 35 foot-candles (376.7 hux).

b. From twilight intensity to night intensity when the illumination decreases below 5 foot-candles
{53.8 lux) but before it reaches 2 foot-candles (21.5 lux).

¢. From night mtensﬂ:y fo twﬂ ight intensity when the lllummation increases above 2 foot-candles
(215 lux) but befors it reaches 5 foot-candles (53.8 lux).

d, From twilight intensity to day intensity when the 111ummatlon increases above 35 foot—candles
(376.7 tux) but before it reaches 60 foot-candles (645.8 lux),

3.4.4.2 Red Obstruction Lights,

If automatic control is utilized, the light unit must turn on when the ambient light decreases to not less
than 35 foot-candles (367.7 lux) and turn off when the ambient light increases to not more than 60 foot-
candles {645.8 lux). Single L-810 light units are controlled in a manner compatible with the particular
installation.

3.4.4,3 Dual Obstrnction Lighting System,
White obstruction lights must turn off and red obsttuction lights must turn on when the ambient light
changes from twilight to night per paragraph 3.4.4.1b. Red obstruction lights must turn off and white

obstruction lights must turn on when the ambient light changes from night to twilight per paragraph
344.1c.

35 lnstruction Manual

An instruction manual containing the following information must be furnished w1th all obstruction
lighting equipment:

a, Complete system schematic and wiring diagrams showing all components cross-indexed
to the parts list.

16
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b. Complete parts list of ﬁe[d replaceable parts.with applicable rating and charagteristics of
each pari and with the component manufacturcr's part number as appropriate.
c N Instatlatlon mstrucimné ;n;:luding ieﬁelmg and almmg of light umts
d. Maintenance instructions, inclnding lamp or flashtube replacement, theory of operation,

troubleshooting charts and, as appropriate, consplcuous warnings about alignment and replacement of
lamps and light units ¥with other than manufacturer reccommended items. Explanation of testing
requirements regarding light units with specific lamps must be provided in the text. A discussion must be
included about mixing light units as replacements with other manufacturers’ units with emphasis on
assuring that system design of obstruction lighting is not degraded.

e Operating instructions.

17
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CHAPTER 4, EQUIPMENT QUALIFICATION REQUIREMENTS.

41 Quulification Procedures,

Procedures for gualifying equipment to be furnished under the Federal grant assistance program for
airports are contained in AC 150/5345-53, Airport Lighting Equipment Certification Program.

4.2 Qualification Tests,
Qualification tests must be conducted on the light unit in the following order:
a. Initial photometric test, per paragraph 4.2.1

b. Envitonmental tests, per paragraphs 4.2.2, 4.2.3, 4.2.4, 42.5, 4.2.6, 42,7, and 42.8 (in
any order)

c. 1000 hours of continuous operation, per paragraph 4.2,10

d. System Operational Test, per paragraph 4.2.10

e. Leakage Current Test, per paragraph 4.2.11

£ Sampling Photomeiric Test, per paragraph 4.2.1

g Visual examination, per pafagraﬁh 4,212

h. Transient Protection Test, per paragraph 4.2.9. The equipment may be damaged by this

test, It should only be performed when testing per paragraphs a though ¢ above is compleie.

Sample photometric and system operational tests must be conducted afler completion of all environmental
tests. The same unit(s) must be used throughout the tests, The following tests are required o
demonstrate compliance with this specification. The tests may be run on the control unit, power supply,
and a single light unit, with a simulated load replacing the other light units. Equipment tested must be as
a complete system, '

4.2.1 Photometric Test,

a. A full photometric test as described in this section mwst be performed before all
environumental tests,

NOTE: To verify proper color correction, photometric testing conducted on alternative light source
Jixtures must be done with a defector having an up to date calibration including speciral response data
{(see Engineering Brief #67).

b, A sampling photometric retest must be conducted after the unit has been operated
continuously for 1000 hours with normal (12 hour) day/night cycling. This sampling must consist of
measuring the vertical beam pattern for compliance with photometric requirements at a minimum of two
of the previously tested horizontal radials,

c. Light units must be energized by the system power supply and control unit, and must be
tested for compliance with photometric requirements.
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d. For alternative light source equipment high temperature testing, see Engineering Brief
#67, .

e, Incandescent lamps must be tested at +3 percent of their nominal voltage.

f. Red light intensity may be measured in white light and then calculated if the glassware

manufagturer certifies the chromaticity and transmtssmty values of the red filter material -for the
parneular source, .

g If more than one lamp type is to be used, the qualification testing must be completed for
each lamp type. - s
ho Fora dlseharge type ﬂashmg system, if the power supply and optical head are separate

components, the manufactirer must dentonstrate that the required photometrics are produced with the
units separated by maximum and minimum recommended distances and connected by cable
recommended by the manufacturer.

i. Photometric test results must be in the forms of:

(1)  Vertical beam pattern: Distribution curve (vertical angle versus candela) with
minimum one degree spacing of test points over range of specified ang_le_s.

2) Horizontal beam pattern: Polar plot (horizontal angle versus candela) with
minimum 30 degree spacing of test points.

4,22 High Temperature Test.

a. The high temperature test must be .conducted. per MIL-STD-81 OF, Method . 501.4,
Procedure I The equipment must be subjeeted to g constant temperature of +130 degrees F (55 degrees
() for 4 hours after equipinent temperature stabilization and be operated throughout the test.

NOTE: For steady state temperature testing, consider thermal stabilization to be achieved when the
temperatures of critical internal operating componenis are relatively constant. (Because of test item duty
cyeling or the operaiing characteristics, a constant temperalure may never be ach_i_e_vea’. )

b, During the test the manufacturer must demonstrate that the equipment maintains, the
spemf‘ ied flash rate and (for discharge type flashing light) the proper amount of energy is bemg delwered
0 the flashtube as the input voltage is varied by +10 percent from nominal,

c. A visnal éxamination must be een_d_ucted after the equipment is removed from the
chamber. Failure of the equipment to operate as specified is cause for rejection.

4, 2 3  Low Temperature Test,

: a. The. low temperature test must be conducted per MIL—STD 810F, Method 502.4,
Procedure I1. The equipment must be placed in a chamber that maintains a temperature of -67 degrees F
(-55 .degrees C) for shipping/storage requirements and -40 degrees F (-40 degress C) for equipment
operational requirements.

b. Equipment operation must be demonstrated at the beginning of the test,

20
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c The equipment storage and shipping low temperature requirement is -67 degrees F (-55
- degrees.C), Lhe equipmentanust be stabilized and cold soaked 4t the. storage/shtppmg temperature for
one hour. The test chamber must then be ramped to the -40 degree F (-4 degrees C) equipment operating
temperature at no more than 6 degrees F (3 degrees C) por mmute to prevent thermal shock to the
equipment.

d. The equipment, with input power off, must then be exposed to a 24-hour soaking period
at -40 degrees F (-40 degrees C) after which the equipment must be turned on for one hour, and must
operate normally, For discharge type flashing lights, the unit must achieve specified flash rate and
intensity within 1 minute after being energized. During the one hour of operation, the manuficturer must
demonstrate that the equipment maintains the specified flash rate and, for discharge type flashing lights,
the proper amount of energy is being delivered to the flashtube as the input voltage is varied by +10
percent from nominal,

e. At the conclusion of the test, a visual inspection must be conducted Failure of the
equipment to operate as specified is cause for rejection.

4,2.4 Rain Test,

The wind-blown rain test must be conducted per MIL-STD-810F, Method 506.4, Procedure I, paragraph
4.4.2. The rain must be at a rate of 5.2 inches per hour (132 mm/hour) with an exposure time of 30
mmutes per side. The equipment must be operated throughout the test, Fallure of the equipment to
aperate as specified is cause for rejection.

4.2.5 Wind Test.

Evidence must be provided, either by testing or by calculation of mechanical force, o demonstrate that
mstalled light units meet the wind requirement in paragraph 3.2c.

4.2,6 Humidity Test.
The test must be per MIL-STD-810F, Method 507.4, Procedure, paragraph 4.5.2.-The equipment must be
subjected to two complete cycles per Table 507.4-1, except the maximum chamber température must be
. +130 degrees F (+55 degrees C). Failure of the equipment to operate as specified is cause for rejection.
4,2,7 - Salt Fog Test,
The salt fog test must be conducted per MIL-STD-810F, Method 509.4, Pnocedure, paragraph 4.5.2,
Failure of the equipment to operate as specified is cause for rejection. If corrosion is present, the third
party certification body must determine if it has lmpacted equipment structiiral mtegnty or functionality.
42,8 Sunshine Test,
NOTE: The manufacturer may submit a certificate of compliance (for consideration by the third pariy
certification budy) from the material(s) marnyfacturer attesting to UV resistance (per MIL-STD-810F) in

lieu of the testing requirements below.

The equipment must be in its normal operational configuration for this test.
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a. A sunshine test must be conducted per MIL-STD-810, Method 5b5.4, paragraph 4.4.3,
Procedure 1 for all obstruction lighting equipment with nonmetallic exietior parts or plastic/thérmoplastic
light covers,

b. The equipment must be subjected to a minimum of 56 cycles.
c. Perform an operational test of the equipment after 56 cycles.
d. Any evidence of deterioration of plastic parts: chalking, bleaching, cracking, hazing, or

color changes (yellowing) to the thermoplastic lenses of the test unit must be causes for rejection.

e For plastic/thermoplastic optical lenses or covers, the photometric performance must be
measured after this test, B '

4,2.% Transient Protection Test,

NOTE: The equipment may be damaged by this test. Perform this test only when tests in paragraphs
4.2.1 through 4.2.8 are completed.

a. Subject the obstruction lighting equipment to 2 pulses at 15 second intervals to a
combination wave 1,2 microseconds (ns)/50us and 8ps/20ps (6,000 volts, 3,000 amps) est pulse per the
descriptions in IEEE C62.41, Table 4, Location Category CI.

b. See IEEE C62.41-1991 Section 9.3 for test condition and test generator information.

c. See IEEE C62.41-1991 Section 9.4 for a detailed combination pulse generation and
parameters discussion,

d. See also IEEE C62.45, IEEE Recommended Practice on Surge Testing for Equipment
Connected to Low-Voltage (1,000 volis (V) and Less} AC Power Circuits for guidance about equipment
test methods,

€. ‘The equipment under test must operate normally at the conclusion of the test.
4.2.10 System Operational Test.

a, A system operational test must be performed- afler the unit has been operated
continuously without failure for 1000 hours with normal (12 hour) day/night cycling.

b. Systett components must be connected with the necessary wiring to electrically simulate
an actual installation in which the top and bottom light units on a structure are separated by 2,000 feet
~ (609.6 m) for a system composed of L-856 and/or 1.-865 and 500 feet (152.4 m) for system composed of
1.-857 or L-866, and the controller separated an additional 2,500 feet (762.0 m). Simulated
interconnecting cables with equivalent impedance may bé used in lieu of full cable lengths.

c. The system must be energized and operated to demonstrate compliance with all

specification operating requirements such as flash rate, flash sequence, photoelecttic switching of
intensity steps, operation of interlocked devices, and satisfactory operation under input voltage variations.
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d, If the power suppIy and optical head are separate components, it must be demonstrated
that with the maximum and minimum nameplate rated separatlon between components proper energy is
delivered to the light unit to produce the specified photometrles, . . e

e It must be demonstrated that I-810 and L-864 lights produce the specified photomemc
requlrement when enorgized over conductors (actual or simulated) representing the maximum and
minimum nameplate rated cable length at the minimum input voltage.

42,11 Leakage Current Test.

Light units must be tested for compliance to the Ieakage current requirement in paragraph 3.3.15.
Leakage current must be measured between the primary power connection points to the equipment
chassis. The primary power connection points may be connected together during this test, but all other
internal wirlng must be connected as in normal opetation. Devices for surge and lightning protection
connegted directly to input power wirlng may be disconnected during this test.

4.2,12 Visual Exgmination.

The obstruction Hghting equipment must be examined for compliance with the requireinents on materials,
finish, and quality of workmanship.

23
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CHAPTER 5. PRODUCTION TEST REQUIREMENTS,

51.. ,,.-_System_k'.mdm:tion B OSES e m———— e
A visual examination must be performed for all components in a syétem to verify proper materials and
assembly. Each component of the system must be energized and tested to verify specified operation and
conformance to photometric requirements.

52  Incandescent Light Unit Production Tests,

All light units must be visually examined for proper materials and assembly. The manufacturer must
demonstrate that the on-going production photometric test results show the manufacturing process meets
the photometric requirements per paragraphs 3.4.1.2, 3.4.1.5, or 3.4.1.8 and per section 5.6.

53 Alternative Lighting Devices (ALD).

All light units must be visually examined for proper materials and assembly. The manufacturer must
demonstrate that the ongoing production photfometric test resulis show the manufacturing process meets
the photometric requirements per paragraphs 3.4.1.2 through 3.4.1.8 and per section 5.6.

5.4 Discharge Light Unit Production Test,

All light units must be visually examined for proper materials and assembly. The units must be energized
and tested to verify proper operation and conformance to photoretric requirements as specified in Tables
5 and 6.

5.5 Production Operational Test,
All light units must be fested to verily specified operation per the following minimum standards.

a. Each unit must be operated a minimum of 24 hours at highest intensity and a minimum of
12 hours at lowest intensity.

b, Durmg highest mtenmty operation, each unit must be monitored for FLASH/FAIL as
defined in 3.3.5. 1.1. Minimum acceptable quality is zero FAILs in 24 hours of high intensity operation.

c. Afier a minimum 36 hours elapsed time of operation each light unit must be tested to
verify proper operation of the following:

&)) All intensity step changes per paragraph 3.4 4.1
2) Proper operation of monitoring per paragraph 3.3.5.11

3) Proper interlock switch operation and discharge time to 50 volts (bank potential)
per paragraph 3.3.11,

(4) Simultancous flashing and intensity changing for multi-light systems per
paragraphs 3.4.3.1 and 3.3.5.1, respeciively

(5)  Leakage current test per paragraph 3.3.15.

25
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5.6 Production Photomefric Test.

09/12/06

Photometric testing must be performed per Table 5 or Table 6 usmg cither conventional sampling per
column 2 or statistical process control (SPC) per column 3. If SPC is used for'a characteristic, it must

show statistical capability with Cpk = 1.0 and o 23.0.

Table 5. L-856/L-857 Production Photomeiric Requirements,

a) Beam peak

3 radials each unit;

1 at center of Horizontal beam +2 radials

11 Tadial each unit, random

i orientation
(Day Intensity) +45 degrees or £:60 degrees from center '
b) Beani péé.k . .
Same radials as (a) Same radials as (a)
(Twﬂight Intensnty) ' .

¢) Beam peak
(Night Intensity)

| Same radials as (a)

Same radials as (a)

d) Intensity at -10 degrees
(Night)

Same radials as (a)

Same radials as ()

NOTES:

(1) Ckarac!errsnc must meet all spec;f cafions per paragraph 3.4.1.3 or 3.4.1.4.

Table 6. 1-865/866/864" /885" Production Photometric Requirements,

a) Bean peak
(Day Intensity)

4 radials each unit:

equally spaced, random orientation

1 radial each unitf, random
orientation

b) Beam peak
(Night Intensity)

Same radials as (a)

Same radials as (a)

¢) Intensity at -10 degrees

NOTES:

_Sam_e radials as (a)

(1) Discharge type and alternative light source light only.
(2) Characteristic must meet all specifications per paragraph 3.4.1.5 or 3.4.1.6.
(3) Day, night, and -10 degrees where applicable.
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5.7 Production Test Records.

- Records showing uctual test results of wl] tests required by paragraph 3.5 must be maintained for a period.
of three years by the manufacturer. These records must be traceable to the units tested and in the case of
discharge light units traceable by serial number.

58  Production Test Equipment.

All measuring and test equipment used in the production of obstruction lighting equipment classified
under paragraph 1.2 must have its accuracy and precision maintained by a calibration program with
traceability to ISO-10012 Measurement Management Systems — Requirements for Measurement
Processes and Measuring Fquipment or current industry accreditation criteria,. The manufacturer must
show that all production photometric {esting equipment COrreIat_e_s to the cerlifying Iaboratory's equipment
to within +5 percent. Photometric testing must be performed in a properly designed photometric range
using a calibrated photometer. For discharge type flashing lights, all photometnc measurements must be
based on a minfmum five flash average.
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Subject: CHANGE 2 TO OBSTRUCTION Date: 2/1/07 AC Ne.: 70/7460- ]K e

MARKING AND LIGHTING . Initiated hy: AJR-33 _Change: 2__

1.  PURPOSE. This change amends the Federal Aviation Administration’s standards
for marking and lighting structurés fo promote aviation safety, The change number
o and date of tlze change matenal are: locatcd at the top of the page.

2. EFPBCTIVE DATE This change i is effective February 1, 2007,

3. ";'S'EXPLANATION OF CHANGES.

Table of Contents. Change pages i through iit.

Page 1. Paragraph 1. Reporting Requirements. Incorporated the word “Title”
in reference to the 14 Code of Federal Regulations (14 CFR part 77) FAA '
Regional Air Traffic Division office to read Obstructlon Evaluati i
(OES). FAA website to read hitp://ocaaa.faa.gov. -

Page 1, Paragraph 4. Supplemental Notice Reqmrement (subpart b). FAA
Regional Air Traffic Division office to read OES. i .

Page 1. Paragraph 5. Modifications and Deviations (s_qi_:p_art a), FAA
Regional Air Traffic Division office to read OES, :

.Page 1. Paragraph 5. Modifications and Deviations (subpart ¢). FAA

Regionaiiofﬁ;_g: to read OES,

h;

Page 2. Palﬁg f{ph 5. Modifications and Deviations (subpart d). Removed

- period to create one senience,

Page 2. Paragl aph 7 Metnc Units. And to read howaver

Page 3. Paragr aph’ 23. Light Failure N otlﬁcatimi: (subpart b). Nearestio read
appropriate. FAA’s website to read web., WebSIte www.faa.gov/ats/ata/atad00
to read hitp: flwww afss.com. 5

"Page 4, ParagIaph 24, Notlﬁcatmn of Restoratmn Removed AFSS,

Page 5. Paragraph 32. Paint Standards. Remove(i a comma after “Since”,

Page 5. Paragraph 33. Paint Patterns (subpart d Alternate Bands)
Removed number 6. Number 7 to read number 6

Page 9, Paragraph 41. Standards. TASC to read OTS SVC 121 .23 to read
M-30.




m, Page 14. Paragiaph 55. Wind Turbine Structures. Removed. The paragraph
numbers that follow have been changed accordmgly

n.. Pagels Paragraph 65. Wind Turbine Structures Removed The paragraph

nurhbers that follow have been changed accordingly

o. Page 20 Paragraph 77. Radio and Television Towers and Similar Skeletal
Struetures. Excluding to read including, - ‘

p. Page 23. Paragraph 85. Wind Turbine Structures Removed. The paragraph
- nunber that follows has been changed accordlngly.

g. Page 33-34, Chapter 13. Marking and nghtmg Wind Turbine Farms.
Added.

r. Page Al-3, Appendix 1, Verbiage removed under first structure,

A/Blaﬁw.»

Nancy B. Kalinowski
Director, System Operations Airspace and Acronautical Information Mattagement
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CHAPTER 1. ADMINISTRATIVE AND GENERAL PROCEDURES

1. REPORTING REQUIREMENTS

—--A-sponsor-proposing-any-fype of -construction -or----

alteration of a strugture that may affect the National
Airspace System “(NAS) is requn_'ed under the
provisions of Title 14 Code of Federal Regulations
(14 CER part 77) to notify the FAA by completing
the Notice of Proposed Construction or Alferation
form (FAA Form 7460-1). The form should be sent
to the Obstruction Evaluation service (OES), Copies
of FAA Form 7460-1 may be obtained from OES,
Alrports District Office or FAA Webslte at
http://oeaaa.fas.gov.

2. PRECONSTRUCTION NOTICE

The notice must be submitted:

a. At least 30 days puor to the date of proposed

b. On or before the date an appiication for a

copstruction permit is filed with - the Federal

Communications Commission (FCC), (The FCC
advises its applicants to file with the FAA well in
advance of the 30-day peried in order to expedite
FCC processing.)

3. FAA ACKNOWLEDGEMENT

The FAA will acknowledge, in writing, receipt of
each FAA Form 7460-1 notice received.

4. SUPPLEMENTAL NOTICE REQUIREMENT

a, If required, the FAA will include a FAA Form
7460-2, Notice of Actual Construction or Alteration,
with a determination.

b, FAA Form 7460-2 Part 1 is to be completed and
sent to the FAA at least 48 hours prior to starting the
actual construction or alteration of a structure.
Additionally, Part 2 shall be submiited no later than 5
days after the structure has reached its preatest
height. The form should be sent to the OES.

¢. In addition, supplemental notice shall be
submitted upon abandonment of construction,

d. Lefters are acceplable in cases where the
construction/alteration is temporary or a proposal Is
abandoned. This notification process is designed to
permit the FAA the necessary time to change affected
procedures andfor minimum flight altitudes, and to
otherwise alert airmen of the structure’s presence.
Note-

NOTIFICATION AS REQUIRED IN THE DETERMINATION IS ‘
CRITICAL TO AVIATION SAFETY.

‘Chap 1

§. MODIFICATIONS AND DEVIATIONS

—a,-Requests-for modification or de\nat;on fromthe -

standards outlined in this AC must be submitted to
the OES." The spotisor is responsnble for adhering to
approved markmg and/or hghtmg llm;tatmns and/or-

and FCC (for those structures regulated by the FCC)
prior to removal of markmg and/or lighting,. A
request received after a determination js-issued may
require ‘a new study and could rcsu[t in 2 new
determination, :

b, Modi f ications. Modlﬁcatlcms will be based on
whether or not they i impact aviation safety. Examples
of modifications that may be considered:

1. Marking and/or Lighting Only a Portion of

. an Object, The object may be so located with respect

1o other objects or terrain that:only a portion of it
needs to be marked or lighted

2. ‘No Marking and/or Lrgl;rmg The object
may be so located with respect to other objects or
terrain, removed from the general flow of air traffic,
or may be so conspicuous by its shape, size, or color
that marking or lighting would serve no useful
purpose.

3. Voluntary Marking and/or Lighting. The
object may be so located with respect to other objects
or terrain that the sponsor feels increased conspicuity
would better serve aviation safety. Sponsors who
desire to voluntarily mark and/or light their structure
should request the proper marking and/or lighting
from the FAA to ensure no aviation safety issues are
imipacted.

4. Marking or Lighting an Object in
Accordance with ‘the Standards for an Object of
Greater Helght or Size, The object may present such
an extraordinary hazard potential that higher
standards may be recommended for increased
conspicuity to ensure the safety to air navigation,

c. Deviations. The OES conducts sn acronautical

‘study of the proposed deviation(s) and forwards its

recommendation to FAA  hcadquarters in
Washington, DC, for final approval. Examples of
deviations that may be considered:

1, Colors of objects.

2. Dimensions of ¢olor bands or rectangles.
3. Colors/types of lights.

4. Basic signals and intensity of lighting,

V.Y od



AC70/7460-1K CHG 2 YT

nd annotat:ons of abstruction markmg '
and lighting. - Thesé- structures will be’ subject to ‘
inspection and enforcement of marking and lighting '
requlrements by; the 'FCC: FCC Forms and Bulletins .
| from the FCC’s National Cali Center '
at 888 CALL~FCC (1-888-225-5322). . Upon '
completion - of - the - actual change, nottfy ‘the

Aeran t'cal Chartmg ofﬁce at

Acrdﬁaﬂl?_e’_éx_l_ChartingDivi__si_on.-._:-. e
structure spons - :

Statloni 5601 NJACC113
reguest mformatmn from system ‘ma in i
‘order fo defermine which system best ‘meets their 1305 East-West Highway 7
needs- based on pulpose, installation, “and Silver Spring, MD 20910-3233

mamtenance costs. 7. METRIC UNITS

To promote art _orderly transition to metrlc umts,
sponsors should include both Engttsh and mefric (St

6 ADDITIONAL NOTIFICATION _
Sponsors are reminded 1 that any change tothe

submitted inforimation on which the FAA has based units) dimensions. ‘The ietric. conversions may not
its determmation inc]udmg modlﬁcatio deviation “equivalents, er, “until there is an
v rthilng ‘on structures officia] changeover to |

tetric system, the English
: 4 dtmf_;n_s_ion_s will goveri Co o

2 Chap 1
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CHAPTER 2, GENERAL N
to identify an obstruction to air navigation and may,

20, STRUCTURES TO BE MARKED AND
. LIGHTED . e -

Any temporary or permanent structure, mcludmg all

appuirtenances, that exceeds an overall height of 200
feet (61m) above ground level (AGL) or exceeds any
obstruction standard contained in 14 CFR patt 77,
should norinally be marked and/or ]rghted However,
an FAA aeronautical study may reveal that the
absence of marking and/or lighting will not impair
aviation safety. Conversely, the object may present
such an extraordinary hazard potential that higher
standards may be recommended. for increased
conspicuity to ensure safety to air nawgatmn
Normally outside commercial lighting is not
considered sufficient reason to omit recommended
- marking and/or lighting. Recommendations on
matking and/or lighting structures can vary
depending on fterrain features, weather patterns,
geographic location, and in the case of wind turbines,
number of structures and overall layout of design.
The FAA may also recommend marking and/or
lighting a structure that does not exceed 200 (61m)
feet AGL or 14 CFR part 77 standards because of its
particular location.

21. GUYED STRUCTURES

The guys of a 2,000-foot (610m) skeletal tower are
anchored from 1,600 feet (488m) to 2,000 feet
(610m) from the base of the structure. This places a
portion of the guys 1,500 feet (458m) from the tower
at a height of between 125 feet (38m) to 500 feet
(153m) AGL, 14 CFR part 91, section 119, requires
pilots, when operating over other than congested
areas, to remain at least 500 feet (153m) from man-
made structures. Therefore, the tower must be
cleared by 2,000 feet (610m) horizontally to avoid all
guy wires, Properly maintained marking and lighting
are important for increased conspicuity since the guys
of a structure are difficult to see until aircraft are
dangerously close.

22, MARKING AND LIGHTING EQUIPMENT

Considerable effort and research have been expended
in determining the minimum marking and lighting
systems or quality of materials that will produce an
acceptable level of safety to air navigation. The FAA
will recormmend the use of only those marking and
lighting systems that meet established technical
standards. While additional lights may be desirable

Chap 2

on occasion  be recommended, the FAA will

'_'recommend minimum standards in the interest of

safety, economy, and related concerns. Therefore, to
provide an adequate level of safety, obstruction
lighting systems should be installed, operated, and
maintained in accordance with the recommended
standards herein.

23. LIGHT FAILURE NOTIFICATION

a. Sponsors should keep in mind that conspicuity is
achioved only when all recommended lights are
working. Partial equipment outages decrease the
margin of safety. Any outage should be corrected as
soon as possible, Failure of a steady burning side or
intermediate light should be corrected as soon: as
possible, but notification is not required.

b. Any failure or malfunction that lasts more than
thirty (30) minutes and affects a top light or flashing
obsiruction light, regardless of its position, should be
reported immediately to the appropriate flight service
station (FSS) so a Notice to Airmen (NOTAM) can
be issued, Toll-free numbers for FSS are listed in
most telephone books or on the web at
http:/fwww.afss.com. This report should contain the
foliowing information:

1. Name of persons or organjiations reporting
light failures including any title, address, amd
telephone number,

2. Thetype of structure,

3. Location of structure (including latitude and
longitude, if known, prominent structures, landmarks,
etc.).

4. Height of structure above ground level
(AGL)/above mean sea level (AMSL), if known.

5. A return o service date.

6. FCC Anfenna Registration Number (for
structures that are regulated by the FCC).

Nofe- .

1. When the prisnary lamp in a double obstruction Hght fails, and the
secondary lamp comes on, no réport is required. However, when one of
the feupps in an incandescent L-864 flashing red beacon fails, it should be
reporied.

2. After 15 days, the NOTAM s endomatically deleted from the system.
The spansor is responsible for calling the nearest FSS lo extend the
oniage date or to report a returst 1o service date.

27
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24, NOTIFICATION OF RESTORATION o
As soon -as normal operation is restored, notify the
same FSS that recelved the notification of failure.
The FCC advises ihat noncompliance  with

notification procedures could subject ifs sponsor to.

penalties or monetary forfeitures,

21107

A QU!REMENT

FCC licensees -are required to file an environmental
assessment with the Commission when seekmg
authorization for the use of thie Ingh intcnsuty ﬂashmg
white lighting system on strdcturés located in
residential neighborhoods, as defined by the
applicable zoning law,

Chap 2
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' CHAPTER 3. MARKiNG GUIDLINES

30. PURPOSE

- This-chapter -provides recommended -guidelings—to - -

make certain structures conspicuious to- pilots durmg
daylight ‘hours.  One way - of ach1evmg .this
conspicuity is by painting and/or marking these
structures. Recommendations on marking structures
can vary depending on terrain features, weather
patterns, geographic location, and in the case of wind
turbines, nuinber of structures and overall layout of
design,

31. PAINT COLORS

Alternate sections of aviation orange and white paint
should be used as they provide maximum visibility of
an obstruction by contrast in colors.

32. PAINT STANDARDS

The following standards should be followed. To be
effective, the paint used should meet specific color
requirements when freshly applied to a structure.
Since all outdoor pamts deteriorate with time and it is
not practical to give a mainteriance ‘schedule for all

climates, sutfaces should be repainted when the color .

changes noticeably or its effectiveness is reduced by
scaling,. oxidation, chipping, or layers of
contamination,

a. Muaterials and Application. Quality paint -and
materials should be selected to provide extra years of
service. The paint should be compatible .with the
surfaces to be painted, including any previous
coatings, and suitable for the environmental
conditions. Surface preparation and paint application
should be in accordance with manufacturer’s
recormnendatmns
Nare- )

In-Service Aviation Orange Color Tolerance Charis are available  from
private supplters for determining when repainting is required, The color

- shonld be sampled on the upper half of rhe structure, since weathering is
greafer there.

b. Surfaces Not Requiring Paint. Ladders, decks,
and walkways of steel towers and similar structures
need not be painted if a smooth surface presents a
potent:al hazard to maintenance personne] Paint
may also be omitted from precision or critical
surfaces if it. would have an adverse effect on the
transmisston or radiation characteristics of a signal.
However, the overall marking cffect of the structure
should not be reduced,

¢.  Skelefal - Structures.  Complete  all
marking/painting prior to or immediately upon

Chap 3

completion of construction. This apphes 1o catenary

_support structures, radio and television towers, .and

similar skeletal structures. To be effective, paint
should be applied to all inner and outer surfaces of
the framework.,

33. PAINT PATTERNS

Paint pattetns of various types are used to mark
structures. The pattern to be used is defermined by
the size and shape of the structure. The following
patterns are recommended.

a. Solid Pattern. Obstacles should be colored
aviation orange if the structure has both horizontal
and vertical dimensions not exceeding 10.5 feet
(3.2m).

b. Checkerboard Patfern. Alternating rectangles of
aviation orange and white are nomnally displayed on
the following structures:

1. Water, gas, and grain storage tanks.
2. Buildings, as required.
3. Large structures exceeding 10.5 feet (3.2m)

across having a horizontal dimension that is equal to
or greater than the vertical dimension,

¢. Size of Pafterns. Sides of the checkerboard
pattern should measure not less than 5 feet (1.5m) or
more than 20 feet (6m) and should be as nearly
square as possible. However, if it is impractical
because of the size or shape of a struciure, the
patterns may have sides less than 5 feet (1.5m).
When possible, corner surfaces should be colored
orange.

d, Alternate Bands. Alternate bands of aviation
orange and white are normally displayed on the
following structures:

1. Communication fowers and catenary support
structures.
2. Poles.
3. Smokestacks.

4. Skeletal framework of storage tanks and
similar structures.

5. Structures which appear narrow from a side
view, that are 10.5 feet (3.2m) or more across and the
horizontal dimension is less than the vertical
dimension.

6. Coaxial cable, conduits, and other cables
attached 1o the face of a tower.
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e. Color Band Clmmc(ensncs o

structures of any height should be:

1. Equal in wrdth provaded each band is not less
than 1 feet (0.5m) or more than_ 100 feet (31m)

wrde

2. Perpendicular to the verttcal axts wrth the
bands at the top and bottom ends colored orange.

-.3. An odd number of bands on the .s__lg_ugtu_re.

' i 4. Approximately one-seventh the height if the
stivcture is 700 feet (214m) AGL or less.- For each
additional 200 feet (61m) or ftaction theréof; add one
(1) add;ttonal orange and one (l) addlttonal white

- band.

height AGL

5. Equal ‘and in proportlon 1o the structure 5

‘ Stru_etttr_e Height to Ban_tl{\fidt'h Ratio

f. Structures Wt{h a Cover or Roof.

Ettample:’ Ifa

Struciure is: Cierd
- Greater Than | But Not More | Band Width
L Than ' L
OGRS T S PO
(3.2m) (214m) | frotheight
701 feet 900 feet T
(214m) (275m) /s thelght
901 feet 11,100 feet Lo
(275m) (336m) fu__gfhelght
1,100 feet 1,300 feet AN
(336m) (397m) _/13 Of height
: | T ma

It the

striicture has & cover or roof the htghest orange band
should be continued to cover the entire top of the

Structure

g Skelotal Structures “Afop Bm!dmgs

If a

flagpole, skeletal structire, or similar- ‘object is
erected on top of a building, the combined height of

the object and building will defermi
marking is recommended; however, o

of the object under study determines the wrdth of the

color bands

5y Partial Marking. If marking is recommended
for only a portion of a structure because of shielding
by ‘other objects or terrain, the width of the bands

strue_ture

A nminimum of three bands shoutd be

displayed on the upper portion of the structure,’

: Bands for

03/1/00.

i, Teardrop Patfem Sphertca_ __water storage fanks

with a single circular standpipe support may be
marked in a teardrop-striped pattern. The tank should
show alternate stripes of aviation .orange and white.
The stripes should extend from the-top center of the
tank to its supporting standpipe. The width of the
stripes should be equal, and the width of each siripe
at tbe greatest girth of the tank should not be less than

: ammunity Names Ifitis desuable to paint the
name of the community on the side of a tank, the
stripe pattern may be broken fo serve this purpose.
This open area should have a-maximum height of.3
feet (0.9m). ;

k. Exceptians. Structurat desrgns not conductve to
standard markings may be marked as follows:
1. If it is not practical :fo color-the roof of:a
structure in a checkerboard pattem it may be colored
solid orange .

f a sph u:al striicture is not suttable for an

exdct - checkerboard pattern, the -shape " of ~the
rectangles may be modlﬁed to fit the shape of the
surfaoe S

Storage tanks not suitable for a checkerboard
pattern may be colored by alternating bands: of
aviation orange and white or a limited checkerboard
pattern applted to the upper one-third of the structure,

4, The ske ta! framework of certam waler, gas,
and prain stmage tanks may be exeluded from the
eheekerboard patiern.

34 MARKERS

Markeis are used to highlight struetures when it is
impractical to make them conspicuous by painting.

Markers may -also be used in addition to aviation
orange and whitc paint when additional consptcuttyj{ts
necessary for aviation safety. They  should “be
dlsplayed in consplcuous positions on or adjacent to
the structures so as to retain the general definition of
the structure, . T hey should be recognizable in clear
atr from a distance of at least 4,000 feet (1219m) and

They should be replaced when faded or otherwrse
deteriorated.

Chap 3
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a. Spherical Markers. Spherical markers are used
to identify overhead wires. Markers may be of

_.another shapg, 1.e., eylindrical, provided the projected .

area of such markers will not be less than that
presented by a spherical marker.

1. Size and Color.

The diameter of the markers used on extensive
catenary wires across canyons, lakes, rivers, e'tc

20—1nch (Slcm) spheres are permltted on less
extensive power lines or on power lines below S0 feet
(15m) above the ground and within 1,500 feet (458m)
of an airport runway end. Each marker should be a
solid color such as aviation orange, white, or yellow.

2. Instaﬂations.

(a) Spacing. Markers should be spaced
equally afong the wire at intervals of approximately
200 feet (61m) or a fraction thereof, Intervals
between markers should be less in critical areas near
runway ends (i.¢., 30 to 50 feet (10m to 15m)). They
should be d;sp]ayed on the highest wire or by another
means at the same height as the highest wire, Where
there is more than one wire at the highest point, the
markers ‘may be installed alternately along cach wire
if the dlstance between adjacent markers meets the
spacing standard. This method altows the weight and
wind Ioadmg factors to be distributed.

(b) Pattern. An alternating color scheme
provides the most conspicuity against all
backgrounds. Mark overhead wires by alternating
solid colored markers of aviation orange, white, and
yellow. Normatly, an orange sphere is placed at each
end of a line and the spacing is adjusted (not to
exceed 200 feet (61m)) to’ accommodate the rest of
the markers. When less than. four markers are used,
they should all be aviation orange.

b. Flag Markers. Flags are used to mark certain
structures or objects when it is technically impractical
to use spherical matkers or painting. Some examples
are -temporaty construction eqmpment cranes,
derricks, oil and other drilling rigs.  Catenaries
should use spherical markers,

1. Minimum Size. Fach side of the flag marker
should be at least 2 feet (0.6m) in }ength

2. Color Patterns.
follows:

(a) Solid. Aviation orange.

Flags should be colored as

Chap 3
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(b) Orange and Wht‘_t_r_z.: Arrange two
triangular sections, one aviation orange and the other
whife.to form areetangle. ...

(¢) Checkerboard, Flags 3 feet (0 9m) or

larger should be a checkerboard pattern of aviation
orange and white squares, gach 1 foot (0.3m) plus or
minus 10 percent.

3. Shape. Flags should be rectangular in shape
and have stifferiers to keep them from drooping in
calm wind.

4, Display. Flag maikers should be displayed
atound, on tap, or along the highest edge of the
obstruction. When flags are used to mark extensive
or closely grouped obstructions, they should be
displayed approximately 50 feet (15m) apart. The
flag stakes should be of such stfength and height that
they will support the flags above all surrounding
ground, structures, and/or objects of natural growth.

36. UNUSUAL COMPLEXITIES

The FAA may also recommengd appropriate marking
in an grea where obstructions are so grouped as to
present a common obstruction to air navigation.

36. OMISSION OR ALTERNATIVES TO MARKING

There are two alternatives to marking. Either
alternative requires FAA review and concurrence.

a. High Intensity Flashing White Lighting
Systems. The high intensity lighting systems are
more effective than aviation orange and white paint
and therefore can be recommended instead of
marking, This is particularly {rne under certain
ambient light conditions involving the position of the
sun relative to the direction of flight, When _high
intenmty llghtmg systems are operated cIurmg
daytime and twilight, other methods of marking may
be omitted. When operated 24 hours & day, other
methods of inarking and lighting may be omitted.

b. Medium Intensity Flashing White Lighting
Systems, When medium infensity Iighting systems
are operated doring daytime and twilight on
structures 500 feet (153111) AGL or less, other
methods of marking may be omitted. When operated
24 hours a day on structures 500 feet (153m) AGL or
less, other methods of marking and lighting may be
omitted.

MNate-
SPONSORS MUST ENSURE THAT ALTERNATIVES T0O MARKING

ARE COORDINATED JITH THE FCC FOR STRUCTURES UNDER
TS JURISDICTION PRIOR TO MAKING THE CHANGE.
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CHAPTER 4. LIGHTING GUIDELINE
This system should not be recommended on
_ structures 500 feet (153m) AGL orless, unlessan

40. PURPOSE

. This - chapter -describes. .thé-varlots.obstruction.

lighting systems used to identify structures that an
aeronautical study has determined will require added
consplcunty The lighting standards in this circular
are the minimum necessary for aviation safety
Recommendat:ons on lighting structures can vary
depending on terrain features, weather pattetns,
geographic location, and in the case of wind turbines,
number of structures and overall layout of design.

41. STANDARDS

The standards outlined in this AC are based on the
use of light units that meet specified intensities, beam

patterns, color, and flash rates as specified in AC

150/5345-43.
Th_es__e standards may be thained from:

Department of Transpottation

OTS

Subsequent Dlstﬂbutlon Office, M-30
Ardmore East Busme_ss Cenfer

3341 Q 75th Avenue

Landover, MD 20785

42, LIGHTING SYSTEMS -
Obstruction lighting may be displayed on strictures
as follows:

a. Aviation Red Obstraction Lights. Use flashing
beacons and/or steady burning lights during
nighttime, a

b. Medium Intensity Flashing White Obstruction
Lights, Medium intensity flashing white obstruction
lights may be used during daytime and twilight with
automat;cally selected reduced mtensnty for nighttime
operation. “When ‘this system is used on’ structures
500 feet (153m) AGL or less in _h__e_lght other methods
of marking and lighting the structure may be omitted.
Aviation orange and white paint is always required
for daytime marking on structures exceeding 500 feet
(153m) AGL. This systemn is not normally
recommended on structures 200 feet (61m) AGL or
less.

¢, High Intensity Flashing White Obstruction
Lights. Use high intensity flashing white obstruction
lights during daytime with autoinatically selected
reduced intensities for twllight and nighttime
operations, When this system is used, other methods
of marking and lighting the structure may be omitted.
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FAA aeronautical study shows otherwise.

Nofe-

Al flashing lights on a structure should flash stmultaneously except for
catenary support structures, which have a distinct sequen ceﬂashmg
between levels.

d. Dual Lighting. This system consists of:.red
lights for nighttime and high or medium intensity
flashing white lights for daytime and twilight. When
a dual lighting system incorporates medium flashing
intensity lights on structures 500 feet (153m) or less,
or high intensity flashing white lights ‘on structures of
any height, other methods of marking the structure
may be omitted.

€. Obstruction Lights During Construction. As
the height of the structure exceeds each level at
which permanent obstruction lights would be
recommended, two or more lights of the type
specified in the determination should be installed at
that level. ‘Temporary high or medium intensity
flashing white lighis, as recommended in the

<determination, should be operated 24 houts a day

until all permanent lights are in operation. In either
case, two or more lights should be installed on the
uppermost part of the structure any time it exceeds
the height of the temporary construction equipment.
They may be tumed off for periods when they would
interfere with construction personnel.  If practical,
permanent obstmction lights should be installed and
operated at each level as construction progresses,
The lights should be positioned to ensure that a pilot
has an unobstructed view of at least one. llght at gach
level.

f. Obstruction Lights in Urban Areas. _When a
structure js located in an urban area where there are
numeirous other white lights (eg streethghts etc.)
red obstruction lights with painting or a medium
intensity dual system is recommended., Medium

intensity lighting is nof normally recommended on

structures less than 200 feet (61m),

g Temporary Consfruction Equipmient Lighting.
Since there is such a variance in construction cranes,
derricks; oil and other drilling rigs, each case should
be considered individually, Lights should be
installed according to the standards given in Chapters
5, 6, 7, or 8, as they would apply to permanent

‘structures.

%3
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43. CATENARY LIGHTING

Lighted markers are available for increased night
conspicuity of - high-voltage (69KV or -greater)
transmission  line catenary -wires. - These markers
should be used on {ransmission ]me catenary wires
near airports, heliports, acros q:vers canyons, lakes,
cte. The lighted markers ‘should be manufacturer
certified as recognizable from a m'mmum distance of
4,000 feet (1219m) under i lime  conditions,
mnumum visual flight ruIes '(VPR) condltéons or

light. They should be used on the hlghest energtzed
line. If the lighted markers are installed on a line
other “than the h]ghest catenary, “then markers
specified in paragraph 34 should be used in addition

to the lighted markers. - (The maximum distance
between the line energizing the lighted markers an_d
the highest catenary above the [ighted marker should
be:no more than 20 feet (6m).} - Matkers should be
distinctively shaped, i.., spherical, cylindrical, so
they -are not mistaken for items that are used to
Eonvey other information. They should be visible in
-all - directions from which aircrafl .are likely -to
-approach. The area in the immediate vicinity of the
supporting structure’s base should be clear of all
-itemns and/or objects -of natural growth that could
interfere with the line-of-sight between a pilot and
the structure’s lights. Where a catenary wire crossing
requires three or more supporting structures, the inner
structures should be equipped with enough light units
per level to provide a full coverage.

44. INSPECTION, REPAIR AND MAINTENANCE

To ensure the | proper candela output for fixtures with
incandescent lamps, the voltage provided to the lamp
filament should not vary more than plus or minus 3
percent of the rated voltage of the lamp, The input
voltage should be measured at the lamp socket with
the lamp operating -during th_a “hours ‘of norinal
"operation (For strobes, the inpu voltage of the
“power supplies should be w1thm 10 percent of rated
voltage.) Lamps should be replaced after being
.operated for not more than 75 percent of their rated
life -or .immediately upon failure. Flashtubes in a
light unit should be replaced iminediately upon
failure, when the peak effective intensity. falis below
specification limits or when the fixture . begins
skipping flashes, or at - the manufacturer 8
recommended intervals. Due to the effects of harsh
environments, beacon lenses should be visually
inspected for ultraviolet damage, cracks, crazing, dirt

10

” .:-'.'.bmld.up, efc., to insure 1hat the certlﬁed hght output
has not deteriorated. (See paragraph 23, for reporting
‘ requlrements in case of fatlure ) -

1ghted by fixed
hree or more

seafch _I1ght projectars mStalled
equidistant  points around the
obstmctmn The searchhgh

48. PLACEMENT FACTORS

The height -of the . struchure AGL determmes the
number of light levels. -The light levels may be
adjusted slightly, but not to exceed 10: feet (3m),
when necessaty {6 accommodate guy wires and
personnel who replace or repair light fixtures. Except
for catenary stpport structures; the: following factors
should be considered when deterinining . the
placement of obstruction lights on a structure. :

a. Red Obstruction Lighting Systefrw The overall
height of the structure including all appurtenances
such as rods, antennas, obstructzon hghts etc.,

determmes the number of light levels. -

b, Medium Intensity Flashing White Obstruction
Lighting Systems. The overall height of the structure
including all appurtenances such as rods, antennas,
obstruction lights, etc., determmes the umber of
light levels.

c, Htgk Intensity Flashing Wlute Obstruction
Lighting Systems. 'The overall helght of the main
structure “including all appurteriancés such as rods,
antennas, obstruction lights, efc., determines the
number of llght 1evels

d. Dual. Obstmctian L:glzting Systemss. The
overall he__:g_h_t .of the structure _including all
appurtenances such as rods, antetings, obstruction
lights, ete., is used to defermine the number of light
levels for a medium intensity white. obsiruction
light/red obstruction. dual lighting system. The
overall height of the structure “including all
appurtenances is used to determine the number of
light levels for a high intensity white obstructlon
light/red obstruction dual lighting system,

e. Adjacent Structures. The elevation of 1
of adjacent buildings in congested areas may be used
as the equivalent of ground level to determine the
proper number of Hight levels required. :

Chap 4
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f. Shielded Lights. If an adjacent object shields
any light, horizontal placement of the lights should be
adjusted or additional lights should be mounted on
__that object to retain or contribute to the defi nition of "
the obstruction.

47 MONITORING OBSTRUCTiON LIGHTS

Obstructlon lzghtmg -systems should be closer
monitored by visual or automatic means, It is
extremely important to visually inspect obstruction
tighting in al! operating intensities at least once every
24 hours on systems ‘without automatic monltormg
In the event a structure is not read:]y accessible for
visual observation, a properly maintained automatic
monitor should be used. This monitor should be
designed to. register the maifunction of any light on
the obstruction regardless of its position or color.
When using remote monitoring devices, the
communication status and operational status of the
system should be confirmed at least once every 24
hours. - The monitor (aural or visual) should be
located in an arca generaily occupied by responsible
personnel. In some cases, this may require a remote
monifor in an attended location, For each structure, a
log should be mamtamed in which daily operations
status of the lighting system is recorded. Beacon

Chap 4

lenses should be replaced if serious c-acks, crazing,

dirvt build up, etc., has occurred.
48, ICE SHIELDS

protective ice shields should be installed directly over
each light unit to prevent falling ice or accumulations
from damaging the light units,

49. DISTRACTION

A, Where obstructlon lights may distract operators
of vessels in'the proxumty of a navlgable waterway,
the sponsor must coordinate with the Commandant,
U.S. Coast Guard, to avoid interference with marine
navigation,

b. ‘The address for marine
coordination is:

information and

Chief, Aids fo Navigation
Division (OPN)

U8, Coast Guard Headquarters
2100 2nd Street, SW., Rm. 3610
Washington, DC 20593-0001
Telcphane (202) 267 0980

11

‘Where {clng i8 lkely to cocir, melal grates or simllar —
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CHAPTER 5. RED OBSTRUCTION LIGHT SYSTEM

50. PURPOSE

. Red Obstruclion lights are used to increase conspicuity.
during nighttime. Daytime and twilight marking is
required. Recommendations on lighting structures can
vary dependmg on terrain features, weather patterns,

geographic location, and in the case of wind tutbines,

number of structutes and overall layout of design.

51. STANDARDS :

‘The red obstruction lighting system is composed of
. flashing omnidirectional beacons (L-864) ' and/or
steady burning (L-810) lights. When one or more
levels is comprised of flashing beacon lighting, the
lights should flash simultaneously.

a, Single Obstruction Light. A single (L-810) light
may be used when more than one obstruction light is
required either vertically or horizontally or where
maintenance can be accomplished within a reasonable
time.

1. Top Levél A single light may be used to
identify low structures such as airport 1LS buildings
and long horizontal structures such as perimeter fences
and building roof outlines.

2. Intermediate Level. Single lights may be used
on skeletal and solid structures when more than one
level of lights is installed and there are two or more
single lights per level,

b. Double Obstruction Light, A double (L.-810)
light should be installed when used as a top light, at
each end of a row of single obstruction lights, and in
areas or locations where the failure of a single unit
could cause an obsiruction o be {ofally unlighted.

1. Top Level, Structures 150 feet (46m) AGL or
less should have one or more double lights installed at
the highest point and operating simultaneously.

2. Intermedinte Level. Double lights should be
installed at infermediate levels when a malfunction of
a single light could create an unsafe condition and in
remote areas where maintenance cannot be performed
within a reasonable tivie. Both units may operate
simultaneously, or a transfer relay may be used to
switch to a spare unit should the active system fail.

3. Lowest Level. The lowest level of light units
may be installed at a higher elevation than normal on a
structure if the surrounding terrain, trees or adjacent
building(s) would obscure the lights, In certain
instances, as determined by an FAA aeronautical
study, the lowest level of lights may be eliminated.

Chap 5

52. CONTROL DEVICE

Red__obstruction _lights._should _be__operated. by a

satisfactory control device (e.g., photo cell, timer, efc.)
adjusted so the lights will be turned .on when the
northern sky illuminance reaching a vertical surface
falls below a level of 60 foot-candles (645.8 tux) but
before reaching a level of 35 foot-candies (367.7 Iux).
The control device should turn the lights off when the
northern sky illuminance rises to a level of not moye
than 60 foot-candles (645.8 lux). The lights may also
remain on continuously. The sensing device should, if
practical, face the northern sky in the Nerthern
Hemisphere. (See’AC 150/5345 -43.)

63. POLES, TOWERS, AND SIMILAR SKELETAL
STRUCTURES

The following standards apply to radio and television
towers, supporting structures for  overhead
transmission lines, and similar structures.

a. Top Mounted Obstruction Light.

1. Structures 150 Feet (46m) AGL gr Less. Two
or more steady buming (I.-810) lights should be
installed in 2 manner to ensure an unobstructed view of
one or more lights by a pilot,

2. Structures Exceeding 150 Feet (46m) AGL.
At least one red flashing (I.-864) beacon should be
installed in a manner to ensure an unobstructed view of
one or more lights by a pilot.

3. Appurtenances 40 Feet (12m) or Less. If a
rod, antenna, or other appurtenance 40 feet (12m) or
less in height is incapable of supporting a red flashing
beacon, then it may be placed at the base of the
appurtenance. If the mounting location does not allow
unobstructed viewing of the beacon by a piloi, then
additional beacons should be added.

4. Appurtenances Exceeding 40 Feet (12m). Ifa
rod, antenna, or other appurtenance exceeding 40 feet
(12m} in height is incapable of supporting a red
flashing beacon, a supporting mast with one or more
beacons should be installed adjacent - to - the
appurtenance,  Adjacent. installafions should not
exceed the height of the appurtenance and be within 40
feet (12m) of the tip fo allow the pilot an unobstructed
view of at least one beacon.

b. Mounting Intermediate Levels. The number of
light levels is determined by the height of the structure,
including all appurtenances, and is detailed in
Appendix 1. The number of lights on each Ievel is

13
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(a) Stmc!ures 350 Feet (1 7_m) AGL or Less
Two or more steady burning ([-8 10) lights should be
installed on dlagonaily .01 dx "neltlcaily opp031te
posmons il
(b) - Stractures Exceedmg 350 Feet (107m)
AGL “Install steady burning (L~8]G) llgllts on-each
outs1de corner of each level,
©2) F!ashmg Beacons (L-864)
(a) Structures 350 Feet (1 07m) AGL or Less,
These structures do not require ﬂashmg {L- 864)
beacons at mtermedtate levels.

()N Stracture Exceedmg 350 Feet (107m)
AGL. At mtermedlate levels, two beacons (L-864)
should be mounted outside at. dlagonally .opposite
positions of intermediate levels, :
54, CHIMNEYS, FLARE STAC_ _S,
'SOLID STRUCTURES .

. a. Number of Light Units. -

1. The number of units recommended depends on
the diameter of the structure at’ the top, The_ number of
lights recornmended below dre ‘the m '

2. When the structure dlameter is: .

(a) 20 Feet (6m) or Less. Three hght units per
level,

(b) Exceeding 20 Feet (6m) Bm‘ Not More Than
100 Feet (31m). Four hght units per level,

(¢) Exceeding 100 Feet (31m) Bur Not More
Than 200 Feet (617i1). '-Six_ light units per level.

(d) Exceedz;zg_ 200 Feet (61m). Eight light units
per level.

b. Top Mounted Obslruction Lights.

L. Structures 150 Feet (46m) AGL-orLess. L-810
lights should be installed honzontally at regular
mtervals at or near the top. .

2. Structures Exceeding 150 Feet (46m) AGL. At
least three L-864 beacons should be mstalled B

3. Chimneys Coaling Towers, and Flare Sfacks
Lights may be displayed as low as 20 feet (6m) below
1 fo avoid the obscuring effect of depOSItS and
heat generally emitted by this type of structure, Tt is
important that these lights be readily accessible for

AND SIMILAR

14

. obstructions of a corresponding height.
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cleamng and lamp replacement It 1s u erstood that

with flare -stacks, as well as any ot structules
associated with the petrof-chemical indus t _
lighting " réquiréments ‘may not b necessary " This
could be due to the location of the flare stack/striictiire
within & large well- lighted petrol-chemical plant or the
fact that the flare, or working lights surroundmg the
flare stacldstructure as cansplcuous as obstructzon

lights,

c. Mounting Intermediate Levels. The number ‘of
light levels is determined by the height of the structure
including all appurtenances. For cooling fowers 600
feet (183m) or: less, intermediate light levels are not
necessary..-Structures exceedmg 600 feet (183m) AGL
should have a second level :of. llght ‘units -installed
approx1mately at the midpoint of the. structure and ina
vertical ling with the top leyel o :

1. Steady Brirning (L 810) Ligkts The
recommended number of light levels may be obtained
from Appendix 1. At least three lights should be
installed on each level.

2. Fi lasr'u‘ng {L-864) Beacon.s The recommended
number. of "beacon levels may be obtained = from
Appendix 1. At least three lights should be installed
on each level

(a) Structures 350.Feet (107m) AGL or Less
These. structures do not need intermediate. levels of
flashing beacons,

(b) Structures Exceeding 350 Feet (1 07m) AGL
At -least three flashing (L -864) ‘beacons should ‘be
installed .on each level in-a manner to allow an
unobstructed view of at least one beacon. . :

55 .GROUP OF OBSTRUCTIONS -

dividual objects, except wind turbines, within
of obstructions are not the same height and are
spaced a “maximum of ‘150 -feet (46m) apart, the
promment objects within the group should be lighted
in - accordance with the standards for . individual
If the outer
structure is shorter than the .prominent, the outer
structure should be lighted in accordance with the
standards - “for individual -~ obstructions of a
corresponding height. Light units should be placed to
ensure that the light is visible to a pilot approaching
from any direction. In addition, af Jeast one flashing
beacon should be mstalled at the top of a prominent
center obstruc_ti_o_n .or on a special tower located near
the center of the group,

Chap 5
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56. ALTERNATE METHOD OF DISPLAYING
OBSTRUCTION LIGHTS

When recommended in an FAA aeronautical study,

_lights may be placed on poles équal toihe. hei'g'ht ofthe .

instead of _mst_alimg lights on the obstruction,

57. PROMINENT BUILDINGS, BRIDGES, AND
SIMILAR EXTENSIVE OBSTRUCTIONS '

When objects within a group of obstructions are
approximately the same overall height above the
surface and are located a maximum of 150 feet (46m)
apart, the group of obstructions may be considered an
extensive abstruction. Install light units on the same
horizontal - plane at the highest portion or edge of
prominent obstructions. Light units should be placed
to ensure that the light is visible to a pilot approaching
from any direction. If the struclure is a bridge and is
over navigable water, the sponsor must obtain prior
approval of the lighting installation. from the
Comimander of the District Office of the United States
Coast Guard to avoid mterference with marine
navigation, Steady burning lights should be displayed
to indicate the extent of the obstruction as follows:

a, Structures 150 Feet (46m) or Less In Any
Horizontal Direction. If the structure/bridge/extensive
obstruction Is 150 feet (46m) or less horizontally, at
least one sieady burning light (L-810) should be
displayed on the highest point at each end of the major
axis of the obstruction. If this is impractical because
of the overall shaps, display a double obstruction light
in the center of the highest point.

b. Structures Exceedmg 150 Feet (46m) in at Least
One Horizontal Direction. 1If the structure/bridge/
extensive obstruction exceeds 150 feet (46m)
horizontally, display at least one steady burning light
for each 150 feet (46my), or fraction thereof, of the

Chap 5

overall length of the major axis, At least one of these
lights should be displaycd on the highest point at each
end of the obstruction, Additional lights should be
(displayed . al..approximately_equal_-intervals_not 1o
exceed 150 feet (46m) on the highest points along the

edge between the end lights. If an obstruction is
located near a landing area and two or more edges are
the same height, the edge nearest the landing area
should be lighted.

¢. Structures Exceeding 150 Feet (46m) AGL,
Steady burning reéd obstruction lights should be
installed on the highest point at each end. At
intermediate levels, steddy burning red lights should be
displayed for each 150 feet (46m) or fraction thercof.
The vertical position of thes¢ lights should be
equidistant between the top hghts and the ground level
as the shape and type of obstruction will permit. One
such Jight should be dlsplayed at each outside corner
ori each level with the remaining hghts evenly spaced
between the corner lights.

d. Exceptions. Flashing red beacons (L-864) may
be used instead of steady burning obstructmn lights if
eatly or special warning is necessary. These beacons
should be displayed on the highest points of an
extensive obstruction at intervals not exceeding 3,000
feet (915m). At least three beacons should be
displayed on one side of the extensive obstruction to
indicate a line of llghts

e, Ice Shiclds. Where icing is likely to occur, metal
grates or simi[ar protective ice shie]ds should be

ice or accumulatlons from ,damaging the light umts
The light should be mounted in a manner to ensure an
unobstructed view of at least one light by a pilot
approaching from any direction.

15
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CHAPTER 6. MEDIUM INTENSITY FLASHING WHITE OBSTRUCTION LIGHT SYSTEMS

80. PURPGSE

_Medium intensity - flashing. white (L.-865)_obstruction_

lights may provide conspicuity both day and night.
Recominendations on lighting structures can vary
dependmg on terrain features, weather patterns,
geographic location, and in the case of wind turbines,
number of structures and overall layout of design.
61. STANDARDS
The medivm intensity flashing white light system is
normally composed of flashing omnidirectional lights.
Medium intensity flashing white obstruction lights
may be used during daytime and twilight with
automafically selected reduced intensity for nighttime
operation. When this system is used on structures 500
feet (153m) AGL or less in height, other methods of
marking and lighting the structure may be omitted.
Aviation orange and white paint is always required for
daytime marking on structures exceeding 500 feet
(153m) AGL.  This system is not norially
recommended on structures 200 feet (61m) AGL or
less.

The use of a 24-hour medium 1ntens;ty flashing white
light system in urban/populated areas in tiof normally
recommended due to their tendency to merge with
background lighting in these areas at night. This
makes it extremely difficult for some types of aviation
operations, i.e., med-svac, and police helicopters to see
these structures. The use of {his type of system in
urban and rural areas often results in complaints, In
addition, this system is not recommended on sfructures
within 3 nautical miles of an ailport

62. RADIO AND TELEVISION TOWERS AND
SIMILAR SKELETAL STRUCTURES

a. Mounting Lights. - ‘The number of levels
recommended depends on the height of the structure,
including antennas and similar appurtenances.

1. Top Levels. One or more lights should be
installed at the highest point to provide 360-degree
coverage ensuring an unobstructed view,

2, Appurtenances 40 feef (12mj or less. If a rod,
antenna, or other appurtenance 40 feet (12m) or less in
height is incapable of supporting the medium intensity

flashing white light, then it may be placed at the base

of the appurtenance. If the mounting location does not
allow unobstructed viewing of the medium intensity
flashing white light by a pilot, then additional lights
should be added.
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(12m) above the

3. Appurtenances Exceeding 40 feet (12m). 1fa
rod, antenna, or other appurtenance exceeds 40 feet

intensity flashing white light should be placed within
40 feet (12m) from the top. of the appurtenance. If the
appurtenance (such as a whip antenna) is incapable of
supporting the light, one or more lights should be
mounted on a pole adjacent to the appurtenance.
Adjacent installations should not exceed the height of
the appurtenarice and be within 40 feet (12m) of the tip
to allow the pilot an unobstructed view of at least one
light,

b. Infermedinte Levels. At intermediate levels, two
beacons (L-865) should be mounted outside at
diagonally or diametrically opposite positions of
intermediate levels. The lowest light level should not
be legs than 200 feet (61m) AGL.

c. Lowest Levels. The lowest level of light units
may be installed at a higher elevation than normal on a
structure if the surrounding terrain, trees, or adjacent
building(s) would obscure the lights, - In certain
instances, as determined by an FAA aeronautical
study, the lowest level of lights may be eliminated.

d. Structures 500 Feet (153m) AGL or Less. When
white lights are used during nighttime and twilight
only, marking is required for daytime. When operated
24 hours & day, other methods of marking and lighting
are not required.

e. Structures Exceeding 500 Feet (153m) AGL.
The lights should be used during nighttime and
twilight and may be used 24 hours a day. Markmg is
always required for daytime,

f. Tee Shields. Where jcing is likely to ocour, metal
grates or sitilar protective ice shiclds should be
installed directly over each light unit to prevent falling
ice or accumulations from ‘damaging the light units.
The light should be mounted in a manner to ensute an
unobstructed view of at least one light by a pilot
approaching from any direction.

83. CONTROL DEVICE

The light intensity is controlied by ‘a device that
changes the intensity when the ambient light changes.
The System should automatically change 1nten51ty
steps when the northern sky illumination in the
Northern Hemisphere on a vertical surface is as
follows;

a, Twilight-to-Night. This should not ocecur before
the illumination drops below five foot-candles (53.8
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qu)“ but shoeid oceur before it drops below iwo foot-
candles (21.5 lux).

b. Night-to-Day. The intensity changes hsted in
subparagraph. 63a. above should be reversed ~when
changing from the night to, day mode, .

64.- CHIMNEYS, FLARE STAC_.KS AND SIMILAR
SOLID STRUCTURES S

a,' Number of Light Units. - 'The number of units
recommended depends on |
at the top. Normally, the top level is on the highest
point. of a structure. However, the top level of
chmmey lights may be installed as low as 20 feet (Gn)
below the top to minimize deposit build-up due to
emissions. The number of lights recommended are the
rainimum. When the strucmre diameteris:

1, 20 Feet (6m) or Léss.  Three light umts per
level.

2. Exceeding 20 Feet (6m) But No! Mare Than
100 Feet (31m). Four light units per level,”
3. Exceeding 100 Feet (31m) But Not More Than

4 Exceedmg 200 F eef (61 m) E[ght light units per
level.
65. GROUP OF OBSTRUGTIONS

When individual objects w1tlun a group of obstructions
are not the same height and are spaced a taximum of
150 feet (46m) apart, the promment objects within the
group should be lighted ‘In accordance with the
standards for individual obstructions of a
corresponding height. “If the outer structure is shorter
than fhe prominent; the outer structure should be
lighted in accordance with the standards for individual
obstructions of a corresponding height. . Light units
should be placed to ensure that the light is visible to a
pilot approachmg from any direction, In addition, at
least one medium jnte _ﬂfy flashing whlte hg,ht should
be installed at the top ofa prominent center obstruction
.or.on a special tower ‘located near the center of tho
Siotp. S :

86. SPECIAL CASES

Where hghtmg systems are ‘installed -on .structures
located : near. highways, waterways airport approach
areas; etc,, caution should be exercised to ensure that
the llghts do not distract or. rwise cause a hazard to
motorists vessel operators, Ol 1lots on an approach to

18

--Thls shleidmg should niot derogate -the intended
purpose of the li ghtmg system.

67.. PROMINENT, BU[_LDINGS AND. SEMILAR

When __bjﬁCtS vnthln a group of, obstrucﬁons are
approxlmately the  same .overall height above the
surface and are located a maximum of 150 feet (46m)
apatt, the group of abst s may be con51dered an
extensive obstruction. Insiall Tight units on the same
horizontal plane at the highest portion or edge of
prominent obstructions, Light units should be. placed
to ensure that the light is visible to a pilot approaching
from any dircction. - Lights shoutd be displayed to
mdlcate the extent of the obstructmn as follows:

4. Structures 150 Feet (46m3). ‘or Less in Any
_ ontal Direction, If the structure/extensive
obstructmn 1s 150 feet (46m) or Iess honzontally, at

at each end of the | majm axis of the. obslructmn If this
is 1mpraet1cal because of the overall shape, dlsplay a

obstruction * exceeds 150 feet (46m) horlzontaify,
display at Ieast one light for each 150 feet (46m) or

highest pomt at each end of the obstructlon
Additional lights should be’ d;sp!ayed at approximately
equal intervals not to exceed 150 feet (46m).on the
highest points along the edge between the. e”d_hghts
If an obstruiction is located near a landing area and two
or more edges are the same height, the edge nearest the
landing area should be lighted.

e, ' Structures: Exceeding 150 Feef (46m) AGL,
Lights should be instalied on the highest point at each
end. At intermediate levels, lights should be displayed

for. each 150.feet (46m),.or fraction thereof. The

vertical position of these lights should be equ'd;stant
between the top lights and.the ground level as.
shape and type of obstruehon will permit. . One such
light should be displayed at ‘eath outside corner.on
each Jevel with the rermaining hghts evenly . spaced
between the corner Jights, .

Chap 6
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CHAPTER 7. HIGH INTENSITY FLASHING WHITE OBSTRUCTION LIGHT SYSTEMS

70. PURPCSE

Lighting._with_high_intensity (L-856) flashing white_...

obstruction lights provides the highest degree of
consplcmty both day and night. Recommendations on
lighting structures can vary depending on  terrain
features weather patterns, geographic location, and in
the -case of wind turbines, number of structutes and
overall Jayout of design. "~

71. STANDARDS

Use high intensity ﬂashmg white obstmctton llghts
during daytlme with automatically selected reduced
intensities -for twilight and nighttime - operations.
When high intensity white lights are operated 24 hours
a day, other methods of marking and lighting may be
omitfed. This system should not be recommended on
structures 500 feet (153m) AGL or less unless an FAA
ae;onautlcal study shows otherwise.

72, CONTROL DEVICE

Light intensity is controlled by a device that changes
the intensity when the ambient light changes. The use
of a 24-hour high intensity flashing white light system
in urban/populated arcas is not normally. recommended
due to their tendency to merge with background
lighting in these areas at night, This makes it
extremely difficult for some types -of aviation
operations, i.e., med-gvac, and pohce helicopters to see
these structures, . The use of this type .of system in
urban and rural areas often results in complaints,

The system should automatically change mten’sity
steps when the northern sky . illumination in " the
Northern  Hemisphere on a vertlcal surface IS as
follows: :

a. Day-ra-Twrlight This should not ocCuf befo're

but shouid occur before it drops below 35 foot—candles :

(376.7 qu) The 1lhlmmance-sensmg device should, if
practical, face the northern sky in the Northern
Hemlsphere e

b. Iw:hght-ro-nghr This should not occur before
the illumination drops below five foot-candles (53.8
lux), but should occur before it drops below two foot-
candles (21.5 lux), .

¢, Night-to-Day. The intensity changes listed in
stibparagraph 72 a and b above should be reversed
when changing from the night to day mode.

Chap 7

73. UNITS PER LEVEL

One.or more Hght umls is.needed to obtmn the:desired.
horizontal coverage. The number of llght units
recommended per level (except for the supporting
structures of catenary wirés and buildings) depends
upoii the average outside diameter of the specific
structure, and the horizontal beam width of the light
fixture.: The light units should be instailed in a manner
to ensure an unobstructed view of the system by a pilot
approaching from any direction. ‘The number of lights
recommended are the minimum. When the structure
diameter is:. .

a. 20 Feet (6m) or Less' Three light units per level.

b Exceedmg 20 Feet (Gm) But Noz More T han 100
Feet (31m). Four light units per level.

c. L’xceedmg 100 Feet (31m). Slx light units per
level,

74. INSTALLATION GUIDANCE

Manufacturing specifications provide for the effective
peak intensity of the light beam to be adjustable from
zero to 8 degrees above the honzon Normal
installation should place the top light at zero degrees to
the horizontal and ali other light umts installed in
accordance with Table 2:

Light Unit Elevation Abave the Horizontal

Height of Light Unit Degrees of Elevation
Above Terrain Above the Horizontal .
Exceeding 500 feet AGL 0 e
401 feet to 500 feet AGL 1
301 feet to 400 feet AGL 2
300 feet AGL or less 3
o TDL 2

a. Vertical Aiming.  Where terrain, nearby
residentidl areas, or other. situations dictate, the light
beam may be further elevated above the horlzontal
The main bear of Itght at the Towest level should not
strike the ground closer than 3 statute miles (5km)
from the sttucture. If additional adjustments are
necessaty, the lights may be individually . adjusted

upward, in I-degree increments, starting at the bottom.
Excessive elevation miay ‘reduce its conspicuity by
ralsmg the beam above a collision course flight path.

b. Special Cases. “Where lighting systems are
installed on structures located near highways,
waterways, airport approach areas, etc., caution should
be exercised to enstre that the lights do not distract or
otherwise cause a hazard to motorists, vessel operators,
or pilots on ai approach to an airport. In these cases,
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shxeldmg or an ad)ustment to the vertical or honzontal

light aiming may be necessary. This ad_;ustment
should not derogate the intended purpose of the
lzghtmg system, Such adjustments may require rev1ew

action as described in Chapter 1, paragraph 5.

¢. Relocation or Omission of Light Units. ng‘nt
umits should ot be installed in stich a manner that the
li ght pattemfoutput is disrupied by the structure.

1, L_awest Leval, The Iowest level of light units

structure if __'the surroundmg terram, _ttees or adjacent

building(s) would -obscure - the_lights. In certain
instances, as determined by an FAA aeronautical
study, the lowest Ievel of lights may be eilmmated

. 2 Twe Adjacent Structures. _Wh_ere_ two
structures are situated within 500 feet (153m) of each
other and the light units are instatled at the same
levels, the sides of the structures facing each ofher
need not be lighted, However, all lights on both
stractures must flash sxmu]taneously, except for
adjacent eatenaxy support structures.  Adjust vertical
placement of the lights to either ot both structures’
intermediate fevels to place the lights on the same
horizontal plane Where one structure is higher than
the other oompleto lavel(s) of lights should be
installed on that part of the ‘higher structure that
extends above the top of the lower structure. If the
structures ate of such heights that the levels of lights
cannot be placed in identical horizontal planes, then
the light unifs should be placed such that the center of
the horizontal beam patterns do not face toward the
adjacent structure. For example, structures situated
north and south of cach other should have the light
units on  both siructures installed on a
northwest/southeast and northeast/southwest
orientation,

3. Three or More Ar{mcent Stmcmres The
treatment of a cluster of structures as an individual or a
conipléx of structures will be deterrined by the FAA
as the result of an aeronautical study, taking into
consideratlon the location, heights, and spacing with
other structures.

75. ANTENNA OR SIMILAR APPURTENANCE
LIGHT |

When a structure lighted by a high intensity flashing
light system is topped with an antenna or similar
appurtenance exceeding 40 feet (12m) in height, a
medium intensity flashing white light (L-865) should
be placed within 40 feet (12m) from the tip of the
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appurtenance.  This hght should operate 24 hours a

day and flash simultaneously with the rest of the
lighting system.

76. CHIMNEYS, FLARE STACKS, AND SIMILAR
S0LID STRUCTURES

The number of light levels depends on the height of
the structure excluding appurtenances, Three or more
lights should be installed on each level in .such a
manner to ensure an unobstructed view by the pilot.
Normally, the top level is on the highest point of a
structure, However, the top level of chimney lights
may be installed as low as 20 feet (6m) below the top
to minimize deposnt bulld-up due to emissions.

77. RADIO AND TELEVISION TOWERS AND
SIMILAR SKELETAL STRUCTURES

a Maunting Lights. The number of levels
recommended depends on the helght of the structure,
including antennas and similar appurtenances. At least
three lights should be installed on each level and
mounted to ensure that the effective intensity of ‘the
full horizontal beam coverage is not lmpaired hy the
structural members

b Top Level,” One level of lights should be installed
at ‘the highest - pomt of the structure, If the hlghest
point is a rod or antenna incapable of supporting a
lighting system, then the top level of lights should be
installed at the highest portion of the main skeletal
structure. When guy wires come together at the top, it
may be necessary to install this level of lights as low as
10 feet (3m) below the top. If the rod or anfenna
exceeds 40 feet (12m) above the main structure, a
medinm intensity flashing white light (L-865) should
be mounted on the highest point, If the appurtenance
(such as a whip antenna) is incapable of supporting a
medivm intensity light, ofie of more lights should be
installed on a pole adjacent to the appurtenance.
Adjacent installation should not exceed the height of
the appurtenance and be within 40 feet (12m) of the
top to allow an unobstructed view of at least one light.

¢, Tee Shields. Where icing is likely to oecur, metal
grales or similar protective ive shields should be
installed directly over each light unit to prevent falling
ice or aceumulations from damaging the light units,
78. HYPERBOLIC COOLING TOWERS
Light units should be installed in a manner to ensure
an unobstructed view of at least two lights by a pilot
approaching from any direction.

a. Number of Light Units

The number of units

Chap 7
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at the top. The numbar of llghts recommended in the
following table are the minimum. When the structure
diameter is:

L. 20 Feet-(6m) or-Less.
level.

2. Fxceeding 20 Feet (6m) But Not More Than
100 Feet (31m). Four light units per level.

3. Exceeding 100 Feét (31m) But Not More Than
200 Feet (61m), Six light units per level.

4. Exceeding 200 Feet (61m). Eight tight units per
level,

b. Structures Exceeding 600 Feet (183m) AGL.
Structures exceeding 600 feet (183m) AGL should
have a second level of light units installed
approximately at the midpoint of the structure and ina
vertical line with the top level of Tights,

79, PROMINENT BUILDINGS AND SIMILAR
EXTENSIVE OBSTRUCTIONS

When - objects w1thm a group of obstructions are
approximately the. same overall height above .the
surface and are located not more than 150 feet (46m)
apart, the group of obstructions may be considered an
extensive obstruction. Install light units on the same
horizontal plane at the highest portion or edge of
prominent obstructions, Light units should be placed

Chap 7

Three light units per

1o ensure. lhat the hght is v131ble to apllot approachmg

from any direction.  These Ilghts may require
shielding, such as louvers, to ensure minimum adverse

_imprict-on local communities. Extreme caution inthe. .

use of high intensity flashing white lights should be
exercised.

a, If the Obstruction is 200 feet (61n1) or Less in
Either Horizontal Dimension, install three or more
light units at the highest portion of the struclure in a
manner to ¢nsure that at least one light is visible to a
pilot approaching from any direction, Units may be
mounted o & single pedestal at or near the center of
the obstruction. If light units are placed more than 10
feot (3m) from the center poiit of the structure, use a
minimum of four units,

b. If the Obstruction Exceeds 200 Feet (61m) in
One Horizental Dimension, but is 200 feet (61m) or

less in the other, two light units should be placed on
each of the shorter sides, These light units may either

‘be installed adjacent to each other at the midpoint of

the edge of the obstruction or at (near) each corner
w;th the Ilght unit aimed to provide 180 degrees of
coyerage at each cdge. One or more light units should
be installed along the overall length of the major axis.

These lights should be instalted at approxnmately equal
infervals nof to exceed a distance of 100 feet (31m)
froin the corners or from each other.

c. If the Obstruction Exceeds 200 Feet (61m) in
Both Horizontal Dimensions, light units should be
equally spaced along the overall perimeter of the
obstruction at intervals of 100 feet (31m) or fraction
thereof,
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80. PURPOSE

__This-dual lighting system includes red lights (L-864)
for nighttime and medium intensity flashing white
lights (L-865) for daytime and twilight use. This
lighting system may be used in lieu of operating a
medium intensity flashing white lighting system .at
night. There may be some populated areas where the
use of medium intensify at night may cause significant
environmental concerns. The use of the dual lighting
system should reduce/mitigate those concerns.
Recommendations on lighting structures can vary
depending on terrain . features, weather patterns,
geographic location, and in the case of wind turbines,
number of structutes and overall layout of design.

81. INSTALLATION

The light units should be installed as specified in the
appropriate portions of Chapters 4, 5, and 6. The
number of light levels needed may be obtained from
Appendix 1.

82, OPERATION

Lighting systems should be operated as specified in
Chapter 3. Both systems should not be operated at the
same time; however, there should be no more than a 2-
second deidy when changing from one system to the
other, Qutage of one of two lamps in the uppermost
red beacon (L-864 incandescent unit) or outage of any
uppermost red light shall cause the white obstruction
light system to operate in its.specified “night” step
intensity.

Chap 8

CHAPTER 8. DUAL LIGHTING WITH RED/MEDIUM INTENSITY FLASHING WHITE SYSTEMS

AC 70/7460- 1K CHG 2

83. CONTROL DEVICE

___The light system is controlled by a device.that changes..

the system when the ambient light changes. The
system should automatically change steps when

the northern sky itlumination in the Northern
Hemisphere on a vertical surface is as follows:

a. Twilight-fo-Night. This should not occur before
the illumination drops below 5 foot-candles (53.8 lux)
but should occur before it drops below 2 foot-candles
(21.5 Iyx).

b. Night-to-Day. The intensily changes listed in
subparagraph 83 a above should be reversed when
changing from the night to day mode.

84. ANTENNA OR SIMILAR APPURTENANCE
LIGHT

When a structure utilizing this dual lighting ‘system is
topped with an antenna or similar appurtenance
exceeding 40 feet (12m) in height, a medium intensity
flashing white (L-865) and a red flashing beacon (L.~
864) should be placed within 40 feet {12m) from the
tip of the appurtenance. The white light should
operate during daytime and twilight and the red light
during nighttime.  These lighis should flash
simultaneousty with the rest of the lighting system.

85. OMISSION OF MARKING

When medium intensity white lights are operated on
structures 500 feet (153m) AGL or less during daytime
and ftwilight, other methods of marking may be
omitted.

. . Yt
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90. PURPOSE

_This dnal lighting system includes red lights (L-864)
for nighttime and high intensity flashing white lights
(L-856) for daytime and fwilight use. This lighting
system may be used in lieu of operating a flashing
white lighting system at night. There may be some
populated arcas where the use of high intensity lights
at night may cause significant environmental concerns
and complaits. The vse of the dual lighting system
should reduce/mitigate those conecerns.
Recommendations on lighting structures can vary
depending on terrain features, weather patterns,
geographic location, and in the case of wind turbines,
number of structutes and overall layont of design.

91. INSTALLATION

The light units should be installed as specified in the
appropriate portions of Chapters 4, 5, and 7. The
number of light levels needed may be obtained from
Appendix 1,

92. OPERATION

Lighting systems should be operated as specified in
Chapters 4, 5, and 7. Both systems should not be
operated at the same time; however, there should be no
more than a 2-second delay when changing from one
system to the other. Qutage of one of two lamps in the
uppermost red beacon (L-864 incandescent unit) or
outage of any uppermost red light shall cause the white
obstruction light system to operate in its specified
“night” step intensity.

93. CONTROL DEVICE

The light intensity is controlied by a device that
changes the intensity when the ambient light changes.

Chap 9
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The system should automatically change intensity
steps when the northern sky illumination in the

“Notthern  Héfiisphere oft "a vertical surface is as

follows:

a. Day-to-Twilight. This should not occur before the
illumination drops to 60 foot-candles (645.8 lux) but
should occur before it drops below 35 foot-candles
(376.7 lux). The illuminance-sensing device should, if
practical, face the northern sky in the Northern
Hemisphere.

b, Twilight-to-Nigit. This should not occur before
the iltumination drops below 5 foot-candles (53.8 lux)
but should occur before it drops below 2 foot-candles
(21.5 hax).

¢ Night-to-Day. The intensity changes listed in
subparagraph 93 a and b above should be reversed
when changing from the night to day mode,

94. ANTENNA OR SIMILAR APPURTENANGCE
LIGHT

When a structure utilizing this dual lighting system is
topped with an antenna or similar appurtenance
exceeding 40 feet (12m) in height, 2 medium intensity
flashing white light (1-865) and a red flashing beacon
(L-864) should be placed within 40 feet (12m) from
the tip of the appurtenance. The white light should
operate during daytime and twilight and the red light
during nighttime,

85. OMISSION OF MARKING

When high intensity white lights are operated during
daytime and twilight, other methods of marking may
be omiited.

23
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CHAPTER 10. MARKING AND LIGHTI NG OF CATENARY AND CATENARY SUPPORT STRUCTURES

100 PURPOSE

recomm_e_nc_th marking and Jighting of these s_tr_uct_ures
is intended to provide day and night consplcmty'and 1o
assist pilots in identifying and avoiding catenary wires
and associated support structures.

101. CATENARY MARKING STANDARDS

Lighted markers are available for Increased night
congpicuity of high-voltage (69KV or greater)
transmission line catenary wires, These markers
should be used on transmission line catenary wires
near airports, heliports, across rivers, canyons, lakes,
etc. The lighted markers should be manufacturer
certified as recognizable from a minimum distance of
4,000 feet (1219m) under nighttime conditions,
minimum VFR conditions of bhaving a minimum
intensity of at least 32.5 candela. The lighting unit
should emit a steady burning ied light. They should be
used on the highest energized line. If the lighted
markets are installed on a ling other than the highest
catenary, then markers specified in paragraph 34
should be used in addition to the lighted markers, (The
maximum distance between the line energizing the
lighted markers and the highest catenary above the
lighted marker should be no more than 20 feet (6m).)
Markers should be distinctively shaped, i.e., spherical,
cylindrical, so they are not mistaken for items that are
used to convey other information. They should be
visible in all directions from which aircraft are likely
to approach. The area in the immediate vicinity of the
supporting structure’s base should be clear of all items
and/or ‘objects of natural growth that could interfere
with the line-of-sight between a pilot and " the
structure’s lights. Where a cafenary wire crossing
requires three.or more stipporting structures, the inner
structures should be equipped with enough light units
per level to provide a full coverage.

a. Size and Colpr, The diameter of the markers used
on extensive catenary wires across canyons, lakes,
rivers, etc., should be not less than 36 inches (91cm).
Smaller 20-inch (51¢cm) markers are permitted on less
extensive power lines or on power lines below 50 feet
(15m) above the ground and within 1,500 feet (458tn)
of an airport runway end. Each marker should be a
solid color such as aviation orange, white, or yellow.

b. Installation

1. Spacing. Lighted markers should be spaced
equally along the wire at intervals of approximately
200 feet (61m) or a fraction thereof, Intervals between

Chap 10

markers should be less in critical areas near runway

ends, i.e., 30 to 50 feet (10m to I1Sm). If the markers
are hlstalied on a [fic other {han the highest catetiaty,

then markers specified in paragraph 34 should be used
in addition to the lighted markers. The maximum
distance between the line energizing the  Hghted
markers and the highest catenary above the markers
canl be no more than 20 feet (6m). The llghted matkers
may be installed alternately along each wire if the
distance between adjacent markers meets the spacing
standard. This method allows the weight and wind
loading factors to be distributed.

2. Pattern, An alternating color scheme. provides
the most conspxcutty against all backgrounds. Mark
overhead wites by alternating solid colored markers of
aviation orange, white, and yéllow. Normally, an
orange marker is placed at each end of a line and the
spacing is adjusted (not to exceed 200 feet (61m)) to
accommodate the rest of the markers, When less than
four markers ate used, they should all be aviation
orarige.

102. CATENARY LIGHTING STANDARDS

When using medmm intensity flashing white (L- 866)
high intensity flashing white (I.-857), duval medium
intensity (L-866/L-885) or dual high intensity (L-
857/885) lighting systems, operated 24 hours a day,
other marking of the support structure is not necessary,
a. Levels. A system of three fevels of sequentially
ﬂas_hj_ng light units should be installed on each
supporfing structure or adjacent terrain, Install one
level at the top of the structure, one at the height of the
lowest point in the catenary and one level
approximately midway between the other two light
levels. The middle level should normally be at least 50
feet (15m) from the other two levels, The middle light
unit may be deleted when the distance between the top
and the boltom light levels is less than 100 feet (30m).

1. Top Levels. One or more lights should be
installed . at the top of the structure to provide 360-
degree coverage ensuring an unobstructed view. If the
instatlation presents a potential danger to mainfenance
personnel, or when necessary for lightning protection,
the top level of lights may be mounted as low as 20
feet (6m) below the highest point of the structure.

2. Horizontal Coverage. The light units at the
middle level and bottom level should be installed so as
to provide a minimum of 180-degree coverage
centered perpendicular to the flyway. Where a
catenary crossing is situated near a bend in a river,
canyon, efc., or is not perpendicular to the flyway, the
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honzontal beam should be dlrccted to provide 1he most.

effective light coverage to wam pllots approachmg
from either direction of the catenary wires.

-3. Variation.  The wvertical and horizontal
arrangements of the lights may:be subject to the
structural limits of the towers and/or adjacent terrain.
A tolerance of 20 percent from uniform spacing of the
bottom and middle light is allowed.. If the base of the
supportmg structure(s) is higher than the lowest point
“in the catenary, such as a canyon crossing, one or morg
lights should be installed on the adjacent terrain at the
level of the lowest point in the span. These lights
should be instalied on the structure or terrain at the
height of the Jowest point in the catenary. '

b. Flash Seqience. The flash sequence should be
middle, top, and_ bottom w1th all lights on the samne
level flashing sin ultaneously “The time delay between
flashes of levels is designed to present a unique system
display. The time delay between the start of each level
of flash duration is outlined in FAA AC 150/5345-43,
Specification for Obstruction Lighting Equipment.- .

¢ Synchronization.  Although desirable, the
corresponding light tevels on associated supporting
towers of @ catenary crossing need not flash
simultaneously.

d. Structures 500 feet (153m) AGL or Less When
medium intensity white lights (L—866) are operated 24
hours a day, or when a dual red!medmrn intensity
system (L-866 daytime & twilight/L- 885 mghttlme) is
used, marking can be omitted. When using a medium
intensity while light (1.-866) or a flashing red light (L-
885} during twilight or nighttime only, painting should
be used for daytime marking.

e. Siructures Exceeding 500 Feet (153m) AGL.
When high intensity white lights (L-857) are operated
24 hours a day, or when a dual red/high intensity
system {(L-857 daytime and twilight/L-885 nighitime)
is nsed, marking can be omitted. This system should
not be recommended on structures 500 feet (153m) or
less unless an FAA aecronautical study shows
otherwise. When a flashing red obstruction light (I-
885), a medium intensity (L-866) flashing white
lighting system or a high intensity white lighting
system (I.-857) is used for nighttime and twilight only,
painting should be used for daytime marking.
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103. CONTROL DEVICE .

The hght intensity is controlled by a device (photoceii)
that changes the intensity when the ambient light

changés.' The lighting system should automatically
change intensny steps ~“when the noﬁhem sky
surface is as foilows

a. Day-to-Twilight (L-857 Spstem). This should not
occur before the illumination drops to 60 foot-candles
(645.8 ux), but should occur before it drops below 35
foot-candles (376 7 lux) The 1llum1nant-sensmg
device should, if ‘practical, face the northern sky in the
Northern Hemisphere.

b. Twilight-to-Night (L-857 System). ~This should
not oceur before the illumination drops below 5 foot-
candles (53.8 lux), but should .occur before it drops
below 2 foot-candles (21.5 lux). S '

¢. Night-to-Day. - The jutensity changes listed in
subparagraph 103 a. and b. above should be reversed
when changing from the night to day mode.

d Day-to-Night (L-866 or L"BSSAZ 866) This
foot-candles (_5_6_3 .8 tux) but should occur before it
drops below 2 foot-candlés (21.5 lux).

e Nightto-Day. The intensity changes listed in
subparagraph d. above should be reversed when
changing from the night to day mode.

£ Red Obstruction (L-885). The red lights should
not turn on until the illumination drops below 60 foot-
candles (645.8 lux) but should occur before reaching a
tevel of 35 foot-candles (367.7 lux). Lights should nof
turn off before the illuminance rises above 35 foot-
candles {367.7 ux), but should occur before reaching
60 foot-candles (645.8 lux).

104. AREA SURROUNDING CATENARY SUPPORT
STRUCTURES

The area in the immediate vicinity of the supporting
structure’s base should be clear of ali items and/for
objects of natural growth that could interfere with the
line-of-sight between a pilot and the structure’s lights,
105. THREE OR MORE CATENARY SUPPORT
STRUCTURES

Where a catenary wire crossing requires three or more
supporting structures, the inner structures should be
equipped with enough light units per level to provide a
full 360-degree coverage.

Chap 10
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CHAPTER 11. MARKING AND LIGHTING MOORED BALLOONS AND KITES

110. PURPOSE

kites, and their cables or mooring lines is to indicate
the presence and general definition of these objects to
pilots when converging from any normal angle of
approach,

111, STAND_ARDS

These marking and lighting standards pertain to all
moored balloons and kites that require marking and
lighting undet 14 CFR, part 101,

112. MARKING

Flag markers should be used on mooring lines to warn
pilots of their presence during daylight hours.

a. Display, Markers should be displayed at no more
than 50-foot (15m) intervals and should be visible for
at least I statute mile.

b. Shape. Markers should be rectangular in shape
and not less than 2 feet (0.6m) on a side, Stiffeners
should be used in the borders so as to expose a Iarge
area, prevent drooping in calm. wind, or wrapping
around the cable,

¢. Color Pafferns.
patterns should be used:
1. Solid Color. Aviation orange,
2. Orange and White. Two triangular sections,
one of aviation orange and the other white, combined
to forin a rectangle.

One of the following color

Chap 11

113. PURPOSE

. The purpose-of marking and flghtlng—rnooredJJallGonsr—Fdashmg@bstruet{errl ights-sheuld-be-used-on-moored

balloons or kites and their mooring lines to warn pilots
of their presence during the hours between sunset and
sunrise and during periods of reduced visibility. These
lights may be operated 24 houis a day.

a, Systems. Flashing red (L-864) or white beacons
(L- 865) may be used to light moored balloons or kites.
High intensity li ghts (L-856) are not recommended,

b. Dt‘splay I‘lashmg lights should be displayed on
the top, 1ose section, tail section, and on the tether
as to defing the extremes of size and shape Additlonal
lights shou_ld_ be equatly spaced along the cable's
overall length for each 350 feet (107m) or fraction
thereof. '

¢. Exceptions. When the requirements of this
paragraph cannot be met, flood!ighting may be used.
114. OPERATIONAL CHARACTERISTICS
The light intensity is controlled by a device that
changes the intensity when the ambient light changes.
The system should automatically turn the lights on and
change intensifies as ambient light condition change.
The reverse order should apply in changing from
nighttime to daytime operation. The lights should
flash simultaneously,

29
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CHAPTER 12, MARKING AND LIGHTING EQUIPMENT AND INFORMATION

120. PURPOSE

. This_chapter. lists_doouments relating 1o obstruction

marking and lighting systems and where they may be
obtained.

121. PAINT STANDARD

Paint and aviation colors/gloss, referred to in this
publication should conform to Federal Standard
FED-STD-595. Approved colors shall be formufated
without the use of Lead, Zinc Chromate or other
heavy metals to match International Orange, White
and Yellow, All coatings shall be manufactured and
labeled to meet Federal Environmental Protection
Act Volatile Organic Compound(s) guidelines,
including the National Volatile Organic Compound
Emission Standards for architectural coatings.

a. Exterior Acrylic Waterborne Paint, Coating
should be a ready mixed, 100% acrylic, exterior latex
formulated for application directly to galvanized
surfaces. Ferrous fron and steel or non-galvenized
stirfaces gshall be primed with a manufacturer
recommended primer compatible with the finish coat.

b. Exterior Solventborne Alkyd Based Paint.
Coating should be ready mixed, alkyd-based, exterior
enamel for application directly to non-galvanized
surfaces such as ferrous iron and steel. Galvanized
surfaces shall be primed with a manufacturer primer
compatible with the finish coat,

Paint Standards Color Table

COLOR NUMBER
Orange 12197
White 17875
" Yellow 13538

TBL 3

Nole-
1. Federal specification Ti-P-59, aviatlon surface paint, ready mixed
international orevige.

2, Federal specification T1-102, aviation sutface paint, ofl titaniun zine,

3, Federal specification T1-102, aviation surface paint, oll, exterlor,
ready mixed, white and Iight tints,

122. AVAILABILITY OF SPECIFICATIONS

Federal specifications describing the technical
characteristics of various paints and their application
techniques may be obtained from:

Chap 12

GSA- Specification Branch
470 L’Enfant Plaza
STeEia T
Washington, DC 20407

Telephone: (202) 619-8925

123. LIGHTS AND ASSOCIATED EQUIPMENT
The lighting equipment referred to in this publication
should conform to the latest edition of one of the
following specifications, as applicable;
a, Obstruction Lighting Equipment.
1. AC 150/5345-43, FAA Specification for
Obstruction Lighting Equipment.
2, Military Specifications MIL-L-6273, Light,
Navigational, Beacon, Obstacle or Code, Type G-1.
3. Military Specifications MIL-1.-7830, Light
Assembly, Markers, Aireraft Obstruction,
b. Certified Equipment,
1. AC 150/5345-53, Airport Lighting
Certification Program, lists the manufacturers that

have demonstrated compliance with the specification
requirements of AC 150/5345-43.

2. Other manufacturers® equipment may .be used |
provided that equipment meets the specification
requirements of AC 150/5345-43.

c. Airport Lighting Installation and Maintenance.

i. AC 150/5340-21, Airport Miscellaneous
Lighting Visual Ailds, provides guidance for the
installation, maintenance, testing, and inspection of
obstruction Hghting for airport visnal aids such as
airport beacons, wind cones, etc.

2. AC 150/5340-26, Maintenance of Alrport
Visual ‘Aid Facilities, provides guidance on the
maintenance of airport visual aid facilities.

d. Vehicles,

1. AC 150/5210-5, Painting, Marking, and
Lighting of Vehicles Used on an Airport, contains
provisions for marking vehicles principally used on
airpotts.

2. FAA Facilities. Obstruction marking for FAA
facihtles shall conform to FAA Drawing Number D-
5480, referenced in FAA Standard FAA-STD-003,
Paint Systems for Structures,
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124. AVAILABILITY T o
The standards and speciﬁcatmns hsted above may be

obtained free of charge from the be]ow—mdlcated
office: :

a, Military Specifications:

Standardization Document Order Desk
700 Robbins Avenue e
Building #4, Section D - 3
Philadelphia, PA 19111-5094

b. FA4 Specifications:
Manager, ASD-110 '
Department of Transportatlon
. | Document Control Centcr
Martin Marletta/Axr Traffic Systems
475 School St., SW
Washmgton, DC 20024
Telephone: (202) 6462047

FAA Contractors Only

32
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Department of Transportatmn

TASC

Subsequent Dlstrlbutlon Office, SVC-121.23
Ardmore East Busincss Center

3341 Q. 75th Avenue

Landover MD 20785

Teiephone {301) 322 4961
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CHAPTER 13. MARKING AND LIGHTING WIND TURBINE FARMS
providing daytime wammg Daytime lighting of
wind turbine farms -is not required, as long as the

130. PURFOSE

. This chapter provides.guidelines for tho marking and

lighting of wind turbine farms. For the purposes of
this advisory circular, wind turbine farms are defined
as a wind turbine development that contains more
than three (3) turbines of heights over 200 feet above
ground fevel. The recommended marking and
lighting of these structures is intended to provide day
and night conspicuity and to assist pilots in
identifying and avoiding these obstacles.

131. GENERAL STANDARDS

The development of wind turbine farms is a very
dynamic process, which constantly changes based on
the differing terrain they are built on. Each wind
turbine farm is unique; therefore it is important to
work closely with the sponser to determine a lighting
scheme that provides for the safety of air traffic. The
following are puidelines that are recommended for
wind turbine farms. Consider the proximity fo
airports and VFR routes, exireme ferraln where
heights may widely vary, and local flight activity
when making the recommendation,

4. Not all wind turbine units within an installation
or farm need to be lighted. Definition of the
periphery of the installation is essential; however,
lighting of interior wind {urbines is of lesser
imporiance unless they are taller than the peripheral
units.

b. Obstruction lights within a group of wind
turbines should have unlighted separations or gaps of
no more thau ¥ statute mile if the integrity of the
group appearance is to be maintained. This is
especially critical if the arrangement of objects is
essentially lineat.

c. Any amray of flashing or pulsed obstruction
lighting should be synchronized or flash
simultancously.

d. Nighttime wind torbine obstruction lighting
should consist of the preferred FAA L-864 aviation
red-colored flashing lights.

. White strobe fixtures (FAA 1.-865) may be used
in lieu of the preferred 1.-864 red flashing lights, but
mutst be used alone without any red lights, and must
be positioned in the same manner as the red flashing
lights.

f. The white paint most often found on wind
turbine units is the most effective daytime early
warning device, Other colors, such as light gray or
blue, appear fo be significantly less effective in

Chap 13

tlirbing structures ‘are pafnted In a bright whitg'color |

or light ‘off-white color most often found on wind
turbines.

132, WIND TURBINE CONFIGURATIONS -
Prior ' to recommending marking and light;ng,
determine the configuration and the terram of the
wind turbine farm, The following is a descnption of
the most common configurations.

. a. Linear — wind turbine farms in a line-like
arrangement, often located along a ridge line, the face
of a mountain or along borders of a mesa or field,

The line may be ragged in shape or be periodically
broke, and may vary in size from just a few turbines
up to 20 miles long,

b, Cluster — turbing farms whete the turbines are
placed in circles like groups on top of a mesa; or
within a lage field, A cluster is typically
characterized by having a pronounced perimeter, with
various turbines placed inside the circle at various,
etratic distances throughout the center of the circle.

¢. Grid - turbine farms arranged in a geographical
shape such as a square or a rectangle, where each
turbine is set a consistent distance from cach other in
rows, giving the appearance that they are part of a
square like pattern,

133. MARKING STANDARDS

The bright white or light off-white paint most often
found on wind furbines has been shown to be most
effective, and if used, no lights are required during
the daytime. However, if darker paint is used, wind
turbine marking should be supplemented with
daytime lighting, as required.
134, LIGHTING STANDARDS

a. Flashing red (L.864), or white {(L-865) lights
may be used to light wind turbines. Studies have
shown, that red lights are most effective, and should
be the first consideration for lighting
recommendations of wind turbines.

b, Obstruction lights should have unlighted
separations or gaps of no more than % mile, Lights
should flash simultaneously. Should the
synchronization of the lighting system fail, a lighting
outage report should be made in accordance with
paragraph 23 of this advisory circular. Light fixtures
should be placed as high as possible on the turbine
nacelle, so as to be visible from 360 degrees,
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¢. Linear Turbme Conf’ guvatmn Place a hght on

each turbine positioned at each end of the line or
string of turbines, Lights should be no more than %
statuie mile, or 2640 feet from the Jast lit turbine, In
the event the last segment is significantly short, push
the lit turbines back towards the starting point to
present a wéll balanced -siring of lights. High
concentrations of hghts should be avoided.

d. Cluster Turbine Conﬁgur t‘on Select a starting
point among the outer perimeter of the cluster. This
turbine should be lit, and a light should be placed on
the next turbine so that no more than 2 ¥ statute mile
gap exists. Continue this pattem around the
perimeter. If the distance across the cluster is greater
than 1 mile, and/or the terrain varies by more than
100 feet, place one or more lit turbines at locations
throughout the center of the cluster,

34

2131107

' e Gnd .'.I‘urbiue C_onﬁ'gu_r@t'i(t)n.mSelecl; each of the

defined corners of the layout to be lit, and then utilize
the same concept of the cluster configuration as
out]med in paragraph d.

f Special Considerations. On occasion, one or two
tutbines may be located apart from the main grouping
of turbines, If one ot two turbines protrude from the
general lamlts of the turbine farm, these turbines
should be 1if,

Chap 13
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APPENDIX 1: Specifications for Obstruction Lighting Equipment Classification

APPENDIX

Dascr[ptmn

L-810

Steady bummg Red Obstructlon Light

1-856 ' | High Intensity Flashing White Obstmctaon Light (40 FPM)

L-857 | High Intensity Flashing White Obstruction Light (60 FPM)

1-864 | Elashing Red Obsiruction Light (20-40-FPM) _

1.-865 _ [ Medium Intensity Flashing White Obstruction Light (40-FPM) '

1-866 | Medium Intensity Flashing White Obstruction Light (60-FPM)

L-864/L-865 "I Dual: Flashing Red Obstriction Light (20-40 FPM) and Medlum Inten51ty
Flashing White Obstruction Light (40 FPM)

L-885 Red Catcnary 60 FPM

FPM F lashcs Per Minute

Appendix 1

TBL 4

Al-l
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PAINTING AND/OR BUAL LIGHTING OF CHIMNEYS, POLES, TOWERS, AND SIMILAR STRUCTURES

A ey Astowas "R
: ? 20feet (6m) ] &

Appurieniance . -
ovar 40" (12m}

o

A

(4]

Mote than 500t (167m)
bt not mora than
70041, {213m}

[E)=1-858

g8 = L6864 o
(L-B&4/L-865)

as L-810

Bt oot maore than
7001, (213m)

Al2

8/1/00

g than 250, 77m)

FiG1

Appendix 1
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Overall AGL hsight when
detarmining Bght levels,

ACT0/7460-1K CHG 2

Overalf AGL helght when
determining light levets,

" otistruction fghts can be mounled winin

10° (3m) ¥om ihe overst height,

Interrnediate lghiing not shown, Overali AGL helght if more than 200° (61, but riot more than 500° (153,

Appendix 1

FiG 2

Al-3
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PAINTING AND LIGHTING OF WATER TOWERS, STORAGE TANKS, AND SIMILAR STRUCTURES

¥\ ' The number of Jight units
q recommended depands on the
diameter of the sfjuclure

More than 150,
{45m) but not more
& than 250ft. (77m)
Mare than 1501,

{45m) but not more
han 250f, (77m)

FiG 3

Al-4 Appendix 1
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_ PAINTING AND LIGHTING OF WATER TOWERS ANDE SIMILAR STRUCTURES .

The number of Jight :

units racommended
depends on the
diameter of the
structure

L e

S -

t—

& =LB10

Appendix 1

More tha
{45m) bu

1501t
t not more

than 250ft. {77m)
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PAINTING OF SINGLE PEDESTAL WATER TOWER BY TEARDROP PATTERN

FIGS

Al-6 o Appendix 1
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LIGHTING ADJACENT STRUCTURES
inboard lights recommended on all Ievels
above height of shorter siruﬂure :

inboard lights
795' may be amitted
' (242m)

A
800°
(244m)
550"
(168m)

_ :ments in verlica! placemaent méy be made
1o place lights on same horizontal plane
Lights on both structures be synchronized

FIG6

Appendix 1 Al-7
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Lighting Adjacent Structure

1 B
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—I—
&
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Y
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' FIG7
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Lighting Adjacent Structure

8-20" (8m} or less

250" AGL
(77m)

Appendix 1

Q

b-Exceeding 20" (6m) but
not more than 100 (31m)

800 AGL
(244m)

FIGS

Al-9
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a-Excesding 100" (31m)

Al-10

" HYPERBOLIC COOLINGTOWER

The numbaer of light units
recommended depends on the
diameter of the struclure

8/1/00

FIG9
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L

Front View

" TYPICALLIGHTING OF ASTAND ALONE WIND TURBINE

Side View

AL12

FIG 11

Appendix 1
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WIND TURBINE GENERATOR

FIG 12

Appendix 1 . . Al-13
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RED OBSTRUCTION
LIGHTING STANDARDS
~ (FAA Style A)
_ — ]
Doy Protection = Aviation Orange/White Paint |
| Kight Protecﬂon = Z2,000cé Red Beocan and sidelights _
1751"-2200"
(533m—671m) i
H
1401' -1 750"
{427m-533m)
1081 ~1400°
{(320m—427m) |
704" =105¢"
{ZE3m-320m)
351'-700" ﬂ‘»n 200 foet (Gim)
{168m—213m)
15.1'-.150‘ j;
{45m—107m}
1
i
0'=150'
(om—~46m) g g E
t
AO A2
~ L—8B4 Floshing Beocon
— L-810 Qbstruciion Light
FIG 13
Al-14 ke Appendix 1
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'MEDIUM INTENSITY. WHITE

OBSTRUGTION LIGHTING
STANDARDS (FAA Style D)

Bay/Twiilght Protection = 20,000cd Whita Sirobe -
Night Pralaction = 2,000cd While Strobe
Folbng of touw la oty oot nuhd :

: 1/2 but not tower : E
351'-500" . than 200 fest (61m) ]
{106m~152m) ' g
l 200"~ 350"
(61m-106m)
2 |

ﬁ = {~083 Fasing Whieg Rreve
il
FIG14
Appendix 1 Al-15
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HIGH '"TENsrry
OBSTRUCTION LIGHTING
STANDARDS (FAA Style B)

Doy Protection = 200,000cd Whits Strobs

ng'rnhl Protection = 20,000¢d While Stiobe
H:ghl Prolacluon - 2.000cd wmu Strobe _

1751'=9200'
(533m~871m)

1401'=1750"
{427m~533m)

L 1051°=1400"
(320m -427m)

701"~ 1050'
(213m—320m)

501°~700"
(152m~213m) o i

[TT]ay Wwajravararava

Bl

B8-2 B-J B-4 B~6
et T
= ~ass intenaky Stroke
SRy
FIG 15
Al-16 : Appendix 1
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0,000¢d White Strobe

00Qcd White Str
Night Protection = 2,000¢ White Strobe

)

0N =

-
H

HIGH INTENSITY

'OBSTRUCTION LIGHTING
STANDARDS (FAA Style C)

Protection =

Frfght “Protect

o

671m)

4 T aN XAy 10 T[] e ava¥avsl¥at an {1 v avavaes vas av, |

427}

i) 0]

[} -

] il

& X aYaX vy X ¥ [N v vy

] il

320m)

1P P AYATAT O LY, [ s Tl a¥ FAT s

1751°~2200"

(533!1’!__—-

1491'=1750"
(4270i~533m)

8/1/00

1051'~1400"

{320m—

701'<1050"

{(213m

501'~700"
(152m=213m)

856 Nigh Inbvelty Stribe
Y o
csi?‘;a W’wxwgw

&

FIG 16

Al-17
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OBSTRUGTION LIGHTING.
STANDARDS (FAA Style E)

Doy/Twifght Prolsction: = :20,000¢d White Strobs,.
Hight Protgction = :Z Red Stidbe ang sidehghte
Pefriing of irvw b picely _

551’1"500'=  £ 1/2 but nol lover
(107m=152m) than 200 fest (61rm

H = - o ;

-1

- L-B64/L-B85 Floshing
Dl (Wnite/Red) Strobe
E ~ L-810 Obslruclion Light

FIG 17

Al-18 Appendix 1
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. OBSTRUCTION J.lGJ:ITlNG

Day Prc{ectmn -- 200 000cd White Strobe
Twilight Protestion = 20,000¢d White Stro

i ﬂlght Frotedloh = 2,0000d Red Badcon clnd aldaliuhts
1761 -2200°
{533m-671m)
1401°=1 750"
{427m~533m)
1061"—1400° -5
(320m~427m) it
701'-1050" %
(213m-320m) 15
o ."
K]
501" —700"
{152m-213m)

- WA,

LTAYS

%-L—Bﬂmbi@m

ﬂ ~ L-810 Obulruckion Light

| ~ Leass Hgh hw-:u; Sireba
i! (pmj fat 360 mtm;o%"
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APPENDIXE Mlscellaneous

1. RATIONALE FOR OBSTRUCTION LIGHT
INTENSITIES.

“"Sections 91.177, 91.119 and 91.155 of the TAR Part
91, General Operating and thht Rules, :prescribe
axrcraﬁ speed restrictions, minimuimn safe altltudes, and
basic visual flight rules (VFR) weather minimums for

__helicopters, within the United States. .

governing the . operatlon of aircraft, including

2. DISTANCE VERSUS INTENSITIES.

TBL 5 depicts the distance the various intensities can
be seen under 1 and 3 statute miles meteorologlcal
visibilities: T

Dlstancellntensny Table

Time Period Meteoralogical Vi_s__;'bi.'!ty Distance Statute Miles Intensity Candelas
Statute Miles .
Night ' 2.8 (4.7km) 1,500 {+/- 25%)
3 (4.8km) 3.1 (4.9km) 2,000 (+- 25%)
' 1.4 (2.2km) 32
Day 1.5 (2.4km) 200,000
1 (1.8km) 1.4 (2.2km)} 100,000
1.0 (1.8km) 20,000 (+/- 25%)
Day 3.0 (4.8km)} 200,000 '
' 3 (4.8km) 2.7 (4.3km) 100,000
_ o 1.8 (2.9km) 20,000 {+/- 25%)
Twilight 11 (1.6km) 1.0 (1.6km) 120,000 (+- 25%)7?
| to 1.6 (24km)
Twilight 3 (4.8km) 1.8 (2.9km) 20,000 (+/- 25%)7?
to 4.2 (6.7km)
Note-

1. DISTANCE CALCULATED FOR NORTH SKY ILLUMINANCE.

3. CONCLUSION.

Pilots of aircraft travelling at 165 knots (190
mph/306kph) or less should be able to see obstruction
lights in sufficient time to avoid the structure by at
least 2,000 feet (610m) horizontally under all
conditions of operation, provided the pilot is operating
in accordance with FAR Part 91. Pilots operating
between 165 knots (190 mph/303 km/h) and 250 knots
(288 mph/463 kph) should be able to see the
obstruction lights unless the weather deteriorates to 3
statute miles (4.8 kilometers) visibility at night, during
which time period 2,000 candelas would be required to
see the lights at 1.2 statie miles (1,9km}. A higher
intensity, with 3 statute miles (4.8 kilometers)
visibility at night, could generate a residential
annoyance factor. In addition, aircraft in these speed
ranges can normally be expected to operate under
insfrument flight rules (IFR} at night when the
visibility is 1 statute mile (1.6 kilometers).

Appendix 2

IBLS

4, DEFINITIONS.

a, Flight Visibility. The average forward horizontal
distance, from the cockpit of an aircraft in flight, at
which prominent unlighted objects may be seen and
identified by day and prominent lighted objects may be
seen and identified by night.

Reference-

AIRMAN'S INFORMATION MANUAL
PILOT/CONTROLLER GLOSSARY.

b, Meteorological Visibility. A term that denotes the
greatest distance, expressed in statute miles, that
selected objects (visibility markers) or lights of
moderate intensity (25 candelas) can be seen and
identified under specified conditions of observation.

A2-1
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5. LIGHTING SYSTEM CONFIGURATION. ... .-
a: Configuration A. Red lighting system.

b.  Configuration - B. - High - Intensity - White -

Obstruction Lights (including appurtenance lighting).

¢. Configuration C. Dual Lighting System - High
Intensity ‘White & Red - (including appurtenance
lighting),

rd. Conj‘ gumtion D Medmm Intenstty White Laghts
(including appurtenance lighting), S

e. Configuration E. Dual Lxghtmg Systems -

Medium  ntensity White
appurtenance hghtmg)
Exnmple-

“CONFIGURATION B 3 ’DENOTESA HIGH INTENSITY LIGHTING
SYSTEM WITH THREE 1.EVELS OF LIGHT.

& Red (including
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