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1 Introduction

1.1 Project Description

The Oakland Athletics organization has proposed the construction of a new ballpark and associated
amenities, including multiple towers with retail and other mixed-used occupancies, along the Oakland
waterfront. The current facility for the Major League Baseball team, the Coliseum, is nearing the end of
its useful life and needs to be replaced. The Athletics have proposed a new waterfront ballpark district
at Howard Terminal.

1.1.1 Existing Site

The site proposed for the new ballpark and amenities is the Howard Terminal site, which lies along the
waterfront of the Oakland Estuary, as shown in Figure 1. The terminal site is the easternmost terminal
site within the Port of Oakland and historically served as an active terminal, though it now functions
primarily for ancillary maritime uses. As such, the existing infrastructure of lighting has not been
maintained to the typically high light levels required at an active port site.

@ The Lake Merritt,
ndependent

pgeline S8

Matson ®F

Ita Fédg:a ion'@
of.Teachers

The Howard Terminal site is immediately adjacent to Jack London Square, a center for retail and other
hospitality amenities in the area, which also has easy access to Amtrak and a ferry terminal. On the west
side of the terminal site is Schnitzer Steel. To the north of the project site, the developments mostly
consistent of low-rise non-residential buildings including warehouses, retail, and storage facilities.

The terminal site is also directly adjacent to the turning basin within the estuary. The turning basin is
used to turn ships as they either approach the active terminals or prepare for departure. Ships are
turned within the basin with the assistance of tugs and under the direction of a member of the San
Francisco Bar Pilots. The turning maneuver requires diligent observation of adjacencies to shoreline,
objects in the water, and marine conditions including currents, as well as communication with the tugs
assisting with the turning effort.
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2 Thresholds of Significance

2.1  Prevailing Standards and Codes

The lighting design for the development must meet the standards set forth by the State of California, the
City of Oakland, and the Port of Oakland. The California Code of Regulations Title 24, also known as the
Building Energy Efficiency Standards, sets legal compliance requirements for residential and non-
residential construction, and is updated on a three-year code cycle. The current version of the standard
is dated 2016 and is in force until January 1, 2020, at which time the applicability of the code will not
change, though technical updates to Part 6 described below is expected.

2.1.1 California Code of Regulations Title 24 Article 1

Title 24 Article 1 includes the framework to establish Lighting Zones for use by the State and by other
Authorities Having Jurisdiction (AHJ). The lighting zone determination of a property is a functional way
of categorizing the expected appropriate brightness of a property based on the expected ambient
brightness. The majority of properties in California fall into Lighting Zone 2 (LZ2) or Lighting Zone 3 (LZ3).
Based on the 2010 US Census data, the Howard Terminal site is assigned to LZ3.

Figure 2: Lighting Zone Descriptions and Applicability per Title 24 2016 Article 1

2.1.2 California Code of Regulations Title 24 Part 6

Part 6 of Title 24 is known as the Efficiency Standards, and includes mandatory requirements for indoor
and outdoor lighting and lighting controls. Specific to outdoor lighting, the standard provides
prescriptive maximum limitations on lighting power density (LPD), measured in watts per square foot,
for various use types as a function of lighting zone. The standard also includes prescriptive lighting
controls requirements for outdoor applications, including but not limited to the use of occupancy-based
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controls in parking lots and the use of time-based dimming controls. Additionally, Part 6 includes “BUG”
rating limitations for all outdoor luminaires with lamps greater than 150W, excluding a variety of specific
applications such as facade lighting.

2.1.3 California Code of Regulations Title 24 Part 11

Part 11 of Title 24 is known as CalGreen and is a mandatory state-wide green building regulation.
Nonresidential mandatory measures include additional requirements to reduce light pollution, trespass,
and glare from outdoor lighting sources. Specifically, it includes additional “BUG” rating limitations for
all outdoor luminaires independent of wattage, excluding the same variety of specific applications
exempt for Part 6.

2.1.4 California Building Code

The California Building Code (CBC) is the standard building code applicable statewide, and is based on
the International Building Code (IBC) with state-specific modifications. The current version in force is the
2016 CBC, which is based on the 2015 IBC.

2.1.5 California Vehicle Code

The California Vehicle Code (CVC) includes statutes related to the vehicles, such as operation and
registration, the California Department of Motor Vehicles and the California Highway Patrol. Specific to
lighting, the CVC in Section 21466.5 places luminance limitations on lighting as it relates to a driver’s
field of view. Given the geometry of the proposed design, it is anticipated that the scoreboard will be in
the field of view from drivers on the ramp from southbound Interstate 980 to eastbound Interstate 880.
Based on the modeled geometry, the closest to direct line of site from a driver’s position to the
scoreboard is measured as 4.5°. Based on the established criteria within the CVC, this would place a
maximum allowable brightness of the scoreboard side facing away from the ballpark at 3,500 cd/m? (or
nits).

2.1.6  The City of Oakland California Environmental Quality Act (CEQA) Thresholds of Significance
Guidelines (2013)

The Oakland CEQA guidelines provide information to establish the criteria for the significant impact of a
project on the environment. Lighting is included within the “Aesthetics, Shadow and Wind” section;
specifically, the guidelines state that “The project would have a significant impact on the environment if
it would... create a new source of substantial light or glare which would substantially and adversely
affect day or nighttime views in the area.”

2.1.7 City of Oakland Outdoor Lighting Standards

The City of Oakland Outdoor Lighting Standards is applicable to private development projects on public
right of ways. As such, the requirements in the standard are assumed to apply to all new roadways
constructed within the project boundaries. Requirements include general glare, light trespass, and light
pollution mitigation measures such as using full-cutoff luminaires wherever available and avoiding bare
light sources (bulbs). In addition, the standard provides specific lighting equipment guides relevant to
street and pedestrian light pole heights.
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2.1.8 City of Oakland Bird Safety Measures

The City of Oakland Bird Safety Measures policy requires a reduction of light pollution, which can be
achieved in multiple ways including:

e Extinguishing architectural lighting during bird migration season.
e Using time-based or occupancy-based controls between 11 pm and sunrise.
e Avoiding beams of light during spring and fall migration.

2.1.9 Port of Oakland Exterior Lighting Policy

The Port of Oakland Exterior Lighting Policy provides specific requirements associated with all exterior
lighting at the Port and is applicable to all Port tenants. The requirements within that document are
assumed to be applicable to the proposed project site.

2.1.10 llluminating Engineering Society RP-33-14

IES RP-33-14 “Lighting for Exterior Environments” provides exterior-specific lighting recommendations
including illuminance levels for specific applications. In addition, this recommended practice document
provides recommended maximum vertical illuminance values at the property line which are intended to
align with the limitation of light trespass. Figure 3 provides the table of light trespass limitation
recommendations from this document.

Lighting Lighting Lighting Lighting Lighting
Zone 0 Zone 1 Zone 2 Zone 3 Zone 4
0.05FCor| 0.1 FCor | 0.3FCor J 0.8FCor | 1.5FCor
0.5 LUX 1.0 LUX 3.0 LUX 8.0 LUX 15.0 LUX

Figure 3: IES RP-33-14 recommended maximum vertical illuminance at the property line

2.1.11 International Commission on Illumination (CIE) Guide on the Limitation of the Effects of
Obtrusive Light from Outdoor Lighting Installations, 2" Edition (CIE 150:2017)

CIE 150:2017 is the primary document from the standards-setting international body that provides
various guidance on limiting obtrusive light. The recommendations included in this guiding document
are intended to be applied broadly to new construction and existing installations, and include metrics
that can be the basis for evaluating light trespass (spill light), glare, contribution to light pollution, and
mitigation options for nuisance installations.

2.2 Determination of Thresholds of Significance

Due to the lack of standards, codes, or ordinances within Oakland, Alameda County and the bay area in
general regarding obtrusive light definitions, the international standards established in CIE 150:2017 are
used to determine significant thresholds for light spill and glare for this analysis.
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2.2.1 CIE 150:2017 Environmental Lighting Zone Determination

Based on the description included in Table 1 of the CIE 150:2017 document, shown in Figure 4, the
project site falls into the E4 zone which is the baseline for commercial areas.

Zone Lighting Environment Examples
E0 Intrinsically dark UN_ESCO‘ Starlight Resgrves, IDA Dark Sky Parks,
Major optical observatories

E1 Dark Relatively uninhabited rural areas

E2 Low district brightness Sparsely inhabited rural areas

E3 Medium district brightness | Well inhabited rural and urban settlements

E4 High district brightness Town and city centres and other commercial areas

NOTE Regardless of the level of urban development, the recommendations for Environmental Zone 1 or 0, should
be followed for all locations within 100 km of a major optical astronomy observatory. Regardiess of the
level of urban development, the recommendations for Environmental Zone 2 (or better) should be followed
for locations within 30 km of an operating urban optical astronomy observatory, and for locations between
100 km and 300 km from a major optical astronomy observatory.

Figure 4: CIE 150:2017 Environmental Lighting Zones Determination

2.2.2 Sensitive Receptor Sites: Spill Light

Based on the CIE guide, for environmental zone E4, pre-curfew light is considered obtrusive when it
generates in excess of 25 lux vertical on a property, and in excess of 5 lux on a property post-curfew.
Spill light results for the proposed project can be found in Section 6.1.1 below.

Light Technical

Application Conditions

Environmental Zones

Parameter EO E1 E2 E3 E4
llluminance in Pre-curfew n/a 21Ix 51x 10 Ix 25 Ix
vertical plane (E) Post-curfew nla <0,1Ix* 1 Ix 2 1Ix 51Ix

* If the installation is for public (road) lighting then this value may be up to 1 Ix.

Figure 5: CIE 150:2017 Maximum Values of Vertical llluminance
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2.2.3  Sensitive Receptor Sites: Glare

Based on the CIE guide, for environmental zone E4, building facade luminance for both pre- and post-
curfew are considered obtrusive when they are in excess of 25 cd/m?2. Sign luminance is considered
obtrusive when it is in excess of 1,000 cd/m?. Glare results for the proposed project can be found in
Section 6.1.2 below. Results of the specific glare analysis focused on the specific areas of concern,
including the Turning Basin, can be found in Section 6.2 below.

#g:nicm Application Environmental Zones
Parameter Conditions
EO E1 E2 E3 E4

Taken as the
Building product of the

design average 5 2 2 2 2
Fache iluminance and | < 0,1 cd/m? | < 0,1 cd/m 5 cd/m 10 cd/m 25 cd/m
Luminance (L) reflectance

divided by .

Taken as the
product of the
design average
illuminance and

Sign
Luminance | reflectance <0, cdim? | 50 cdim? | 400 cdim? | 800 cdim? §1 000 cdim?]
(L) divided by ™, o

for self-luminous

signs, its

average

luminance.

NOTE  The values apply to both pre- and post-curfew, except that in Zones 0 and 1 the values shall
be zero post-curfew. The values for signs do not apply to signs for traffic control purposes.

Figure 6: CIE 150:2017 Maximum Permitted Values of Average Surface Luminance

While no standards currently exist in the US pertaining to limiting the glare of sports lighting as viewed
from neighboring locations, the European Committee for Standardization, in their publication CEN EN
12193:2007 “Light and lighting — Sports lighting”, provides guidance for limiting the maximum intensity
of sports light fixtures, measured in candela (cd), in the direction of sensitive sites to limit obtrusive
light, as shown in Figure 7. The standard states “To safeguard and enhance the night time environment
it is necessary to control obtrusive light, which can present physiological and ecological problems to
surroundings and people.” “Obtrusive light” is defined in the standard as “spill light which because of
guantitative, directional or spectral attributes in a given context give rise to annoyance, discomfort,
distraction or reduction in the ability to see essential information.”

Environmental Light on properties Luminaire intensity Upward light
zone E. Ix I cd ULR
Pre-curfew?® Post-curfew Pre-curfew Post-curfew Y
E1 2 0 2 500 0 0
E2 5 1 7 500 500 5
E3 10 2 10 000 1 000 15
E4 25 5 25 000 2 500 25
2 In case no curfew regulations are available, the higher values shall not be exceeded and the lower values should
be taken as preferable limits.

Figure 7: EN 12193:2007 Maximum Obtrusive Light Permitted for Exterior Lighting Applications
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3 Proposed Project Description

The proposed project is centered around a ballpark with a capacity of 35,000. The ballpark is intended to
have rooftop park that is accessible to the public approximately 280 days per year on non-game days,
and to ticketed patrons during games to enhance the variety of gameday experiences available to fans.
The rooftop park returns to meet ground level behind centerfield, in the direction of Jack London
Square, to promote engagement with the public along the primary anticipated sequence of arrival.

Figure 8: Proposed development rendering

The design of the lighting specific to the field of play is intended to meet MLB and broadcast
requirements for televising games. The baseline approach includes providing the majority of field
lighting by avoiding large light poles to the extent possible and instead using sports lighting fixtures
luminaires integrated into the roof edge. This condition allows the sports lighting luminaires to be
spread out along the extent of the interior edge of the roof, which will help reduce perceived brightness
by avoiding large clustering of lights as much as is feasible. The baseline proposed geometry is such that
the sports lighting luminaires would be below the top edge of the roof, allowing the luminaires to sit
below the roofline and minimizing direct view of the luminaires from outside of the ballpark.

To provide full coverage, two pole-mounted lighting clusters will still be required to illuminate the
outfield. These clusters will be minimized in size and number of luminaires to the extent feasible.

The digital scoreboard is anticipated to be pole-mounted behind centerfield, in line with the anticipated
typical approach to the project from Jack London Square. The scoreboard is anticipated to be double-
sided to engage patrons as they approach the project, and it is anticipated to be of the resolution
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necessary to allow for video display feed both day and night. In addition to the scoreboard, two digital
LED “ribbon” boards are anticipated to wrap the front fascia of both the mezzanine and balcony levels.
Other digital signage will be introduced at a later date.

3.1 Baseline Project

The term “Baseline Project” used throughout this analysis refers to the use of the full existing Howard
Terminal Site.

3.2  Maritime Reservation Area (MRA) Project

The term “MRA Project” used throughout this analysis refers to the potential condition where the
southwest corner of the Howard Terminal Site is used instead to expand the adjacent turning basin as
part of a separate project that may be implemented in the future, reducing the area of development.

3.3 “Phase 1” Scenario

The “Phase 1” scenario is intended to capture the extent of development targeted for a 2025
completion, identified as Phase 1. This includes the ballpark itself with its immediate amenities, and the
development of a select number of immediately-adjacent buildings programmed as mixed-use. The
balance of the site is anticipated to serve as interim surface parking with temporary lighting.

e
o,

Figure 9: “Phase 1” scenario site plan for Baseline Project
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Figure 10: “Phase 1” scenario site plan for MRA Project

3.4  “Full Buildout” Scenario

The “Full Buildout” is intended to capture the extent of the full site development. This includes the
development of buildings on the balance of the property, construction of additional roadways, and
activation of additional park and green space. Surface parking is anticipated to be eliminated in this

scenario.
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Figure 11: “Full Buildout” site plan for Baseline Project
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Figure 12: “Full Buildout” site plan for MRA Project

3.5 Reduced Ballpark Height Option

A reduction in the height of the ballpark is a design option considered in this assessment. The ballpark
height option includes reducing the height of the ballpark itself, which would make the integrated
roofline “halo” sports lighting unachievable due to aiming angle restrictions within the MLB standards.
In this scenario, it is anticipated that four additional pole-mounted lighting clusters will be provided and
will be located outside of the ballpark behind the first and third base lines. The anticipated two outfield
poles included in the base condition are also anticipated to remain in this option. The analysis included

herein evaluates the pote

ntial impact of this project option.
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Figure 14: Reduced ballpark height option model

3.6 Rotated Ballpark Option

A rotation of the ballpark structure is a design option considered in this assessment. The rotated
ballpark option assumes the reduced height of the ballpark itself as noted in section 3.5 above, however
the ballpark is rotated so that the opening is shifted from centerfield to rightfield. The orientation of the
field of play remains the same as in the Reduced Ballpark Height option. The height and location of the
pole-mounted light clusters is slightly adjusted to accommodate the updated geometry. The analysis of
this rotated geometry includes the “Phase 1” and “Full Buildout” scenarios for both the Baseline Project
and the MRA Project.

Figure 15: Rotated Ballpark Option
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3.7 Gondola Variant

An additional key variant considered for the project is a gondola intended to increase ease of access to
the site. The proposed gondola would effectively run along Washington St. One station would be located
adjacent to the Oakland Convention Center, providing easy access to a heavily-trafficked BART line. The
second station would be located immediately adjacent to Jack London Square, allowing patrons easy
access to the full development including the ballpark and other amenities. The span of the gondola
would be supported by a tower immediately south of Interstate 880. The analysis included herein
evaluated the potential impact of this project variant.

Figure 16: Gondola variant model (gondola stations and central support tower shown in teal)
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3.8 Project Design

The design of the development, including the ballpark and adjacent development, is in early conceptual
design phase. The proposed lighting included in this analysis includes lighting of the playing field and
seating within the ballpark, architectural lighting of buildings, and lighting of horizontal planes including
rooftops and ground surfaces, in addition to the anticipated digital signage locations defined in
paragraph 0 below. All existing lighting within the project development boundary is anticipated to be
removed.

3.8.1 Lighting Masterplan Information

Given the early stage of design, the specifics of the lighting including luminaire selection and layouts
have not been developed. The assumed input to the analysis included herein is based on the Lighting
Masterplan developed for the project, which includes illuminance targets for the ranges of intended use.
Illuminance targets are based on lighting design recommendations included in the llluminating
Engineering Society 10™ Ed. Lighting Handbook and appropriate Recommended Practices for specific
uses (such as parking) from the Illuminating Engineering Society.

All lighting for the project is anticipated to use LED sources. LED sources provide higher efficiency and
longer anticipated life than legacy lighting technology. Additionally, LED sources are typically more able
to deliver light in a controlled way, which assists with minimizing glare and wasted spill light.

The project is also anticipated, per the masterplan, to use integrated lighting controls to allow lights
across the development to be tuned to specific uses and dimmed during periods of low activity.

Anticipated light levels for architectural lighting, including for parking lots, parks, plazas, facades,
streets, sidewalks, intersections, and alleyways, were established to comply with IES standards.
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Figure 17: Lighting masterplan site plan showing horizontal illuminance targets for Baseline Project

Figure 18: Lighting masterplan isometric showing vertical and horizontal illuminance targets for Baseline
Project
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Figure 19: Lighting masterplan site plan showing horizontal illuminance targets for MRA Project

Figure 20: Lighting masterplan isometric showing vertical and horizontal illuminance targets for MRA
Project
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3.8.2 Identified Digital Signage Locations

As described above, the identified digital signage locations for the baseline ballpark currently include the
double-sided scoreboard and the ribbon boards. Digital signage locations for the Rotated Ballpark option
include single-sided digital scoreboards inside the ballpark and a single-sided display on the exterior of
the ballpark facing Jack London Square. Additional digital signage locations have not been identified and
are therefore not included in this analysis. All digital signage proposed during the advancement of the
design will be required to comply with the mitigation measures included below.

LED ribbon boards

Double-sided LED
scoreboard

Figure 21: Isometric view showing modeled digital signage for baseline and reduced height ballpark

LED ribbon boards

Single-sided
secondary
scoreboard

\ Single-sided display

Figure 22: Isometric view showing modeled digital signage for rotated ballpark
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Figure 23: Isometric view showing modeled digital signage for rotated ballpark

3.8.3 Field Lighting

The lighting specific to the field-of-play and seating are
Henderson Engineers to meet MLB standards. Prelimin
approximate locations have been provided by Henders

as is also in very early design stages by
ary approximate quantities of luminaires and
on and have been integrated into this analysis.

Infield and midfield lighting is anticipated to require 395 — 410 luminaires, and outfield lighting is
anticipated to require 170 — 180 luminaires. For this analysis, the worst-case scenario of 410

infield/midfield luminaires and 180 outfield luminaires
these locations has the following characteristics:

e Approximately 1400W

e Approximately 147,000 initial lumens

e CIE correlated color temperature of 5700K

e  Minimum color rendering index of 75

e Visor/shield to minimize light spill, anticipated

was assumed. The LED luminaire proposed for

to be 2 -4"

Per MLB design standards, targeted light levels at the ground plane are:

Midfield: 225 fc (approximately 2,421 lux), 1.2:

Infield: 250 fc (approximately 2,690 lux), 1.1:1 maximum to minimum uniformity ratio

1 maximum to minimum uniformity ratio

Outfield: 200 fc (approximately 2,153 lux), 1.3:1 maximum to minimum uniformity ratio

“Halo” infield

lighting positions

Outfield pole-
mounted
lighting
positions

Infield

lighting

Outfield lighting poles

Figure 24: Field lighting location for baseline ballpark (left) and reduced height ballpark (right)
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Locations for the sports lighting fixtures will likely be refined as the design of the ballpark progresses,
potentially resulting in nominal refinements in locations and mounting heights. All refinements will be
made within the constraints of MLB’s strict placement and aiming requirements, and will not
measurably change spill light or glare analysis results for the inner harbor turning basin.

3.8.4 House Lighting

Lighting of the stands, or “house”, is also in very early design stages by Henderson Engineers. House
lighting is currently intended to be provided by approximately 20 — 30 luminaires, to be mounted to the
inside face of the curved canopy/roof or underside of the seating bowl treads. For this analysis, the
modeling efforts assumed 30 luminaires. The LED luminaire proposed for this location has the following
characteristics:

e Approximately 600W

o Approximately 54,000 initial lumens at a CIE correlated color temperature of 5700K
e Minimum color rendering index of 80

e Fully-shielded (no uplight)

Targeted light levels are 10 — 15 fc (107 — 161 lux) at the seating average per Henderson.

3.9 Design Features to Limit Impact

It is anticipated, per the masterplan, that the lighting design will consider reducing wasted light, which
can contribute to light trespass and light pollution, during the selection and layout of lighting
equipment. Light will generally be directed downward to reduce wasted uplight which can contribute to
skyglow. Luminaires used for all area lighting including any surface parking will be full-cutoff, which
blocks direct light from leaving the luminaire above the horizontal, reducing wasted light. Lighting will
generally be integrated into architectural and landscape features throughout park and plaza areas to
minimize energy use while helping to define a human scale.
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4 Methodology

4.1 Receptor Site Identification

Sensitive receptor sites were identified by ESA in their 1 February 2019 memo, included as an appendix
to that report. The memo identified six key receptor sites, as shown below in Figure 25.

| Area of Navigationl :
Hazard Concern

. i
R, W ! ) Ko oyl ¥ ! :

e Dy 4 N oy M ¥ &
P S / e | Z — > Lo k I8 £

Figure 25: Receptor sites identified by ESA in their 1 February 2019 memo indicating receptor site
locations and numbers in pink. Note that the project boundary (in red) is incorrect; refer to the project
boundary shown in the plan diagrams in Section 3 above.

Two receptor sites, Site 5 and Site 6, were identified to be located on the highway. Since full
measurements were not feasible at those locations due to safety concerns, alternate sites were
identified and confirmed with ESA. Additionally, subcategories of receptor sites were added to allow the
assessment to include the potential impacts of the Gondola variant, including its two stations and

central support tower. Figure 26 indicates the final receptor site locations and orientations used for this
analysis.
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Figure 26: Expanded receptor site location map showing the locations of the receptor sites and their
orientations

4.2 Equipment

All luminance and illuminance measurements were taken using a Sekonic L-758 light meter, as shown in
Figure 27.

Figure 27: Light meter used for luminance and illuminance measurements

All photographs were taken using a Canon EOS Rebel T6i with an 18-55mm IS SM lens kit, as shown in
Figure 28. A tripod was used to allow photographs to be taken at approximately 5’-6” above grade. The
camera has a 24.2 megapixel CMOS sensor and fully manual modes, including manual focus.
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Figure 28: Camera used for all photography

4.3  Analysis Method
4.3.1 Existing Lighting Conditions

Preliminary analysis included the measurement of existing lighting conditions at the project site.
Horizontal illuminance measurements were taken throughout the site and along the property line.
Vertical illuminance measurements were taken at the property line facing inward, perpendicular to the
property line, to assess light trespass from the project site. Additionally, vertical illuminance
measurements were taken at the property line facing outward, perpendicular to the property line, to
assess light trespass onto the property.

4.3.2 Receptor Site Measurements

For all receptor site locations with the exception of Receptor Site 2, the sites were first visited during the
day to establish a reference daytime photograph and to identify safe locations for subsequent night
measurements. Receptor sites were then visited to perform spill light and glare measurements
concurrently after dark.

4.3.2.1 Spill Light

To measure spill light, spot vertical illuminance measurements were taken with the illuminance meter at
approximately 5’-6” above grade. A series of five measurements were taken and recorded at each
receptor site to accommodate varying conditions caused by traffic, people, and other variabilities.
Illuminance readings were taken vertically, with the sensor oriented toward the ballpark, gondola
station, or gondola tower, depending on the receptor site location and purpose.

4.3.2.2 Glare

Glare measurements were not recorded at the receptor site locations located on the highways
(Receptor Site 5 — 880 Westbound and Receptor Site 6 — 980 Ramp to Eastbound 880).

To measure glare, both the luminance meter and photography equipment were used. The camera was
mounted on the tripod so the lens was approximately 5’-6” above grade. Following typical HDRI
procedure, a series of bracketed photographs were taken at optimal exposure, underexposure, and
overexposure. Remote triggering via Wi-Fi was used to reduce camera movement for long exposures.
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Additionally, reference measurements were recorded. Using a portable tablet PC, a reference picture
was taken to closely match the view of the camera. Between three and seven (average 5.4) reference
measurements were taken for each view. Reference values were then used to calibrate final images.

4.4  Software for Glare Analysis of Existing Conditions

The bracketed exposure photographs taken were then used to assess the existing glare experience at
each receptor site. For each receptor site, the series of bracketed exposure JPEG files were combined
using Photosphere, with a downloaded sensor response curve that is specific to the type of camera body
and sensor used which allows for the software to extract the per-pixel luminance values based on JPEG
pixel values. Specific spot calibration was checked against the field measurements recorded on site and
adjusted if required to match field measurements. The result of this process was a calibrated, full-color
High Dynamic Range (HDR) image in *.hdr file format.

The *.hdr files were then viewed through the “wxfalsecolor.exe” plug-in for Diva with Radiance, which
allows the per-pixel luminance values to be mapped using falsecolor with a logarithmic scale (second
order or higher, depending on the luminance range within the HDR image). The falsecolor images, in
JPEG format, were then saved and used to assess existing glare sources in the normal field of view.

4.5 Modeling of Proposed Project

To evaluate the potential impact from the proposed project, a series of lighting models were created to
allow direct comparison of existing conditions to proposed lighting conditions.

451 Geometry

For all evaluation, the fundamental modeled geometry was provided by BIG. This model included the
existing developments surrounding the project and fully encompassing the identified receptor sites. The
model also included the ballpark itself, adjacent associated development, the gondola variant, and the
location of proposed sports lighting. In addition, a model was provided that included the project design
option of the lower ballpark height and its associated sports/field lighting positions.

All geometries provided were based on “massing models”, which are models that include the
fundamental critical geometry, such as overall height, but exclude detailed geometry, typical with the
conceptual design phase in which the project current sits. All models were provided in Rhino file
formats.

4,5.2 Software

All lighting calculations were performed using AGI32 software. AGl is a radiosity-based software that
allows for the modeling of complex surface interactions while minimizing processor requirements.
AGI32 has been validated according to the CIE 171:2006 validation process requirements.

In order to import the model from Rhino to AGI32, all geometries were first exported to Autodesk
Autocad 2018 and manipulated within to remove duplicate or null surfaces, and to union congruent
three-dimensional geometries. Autocad models were then saved down to a 2007 version to allow for
import into AGI32.

All non-vertical surfaces were assigned a 10% light reflectance value and all vertical surfaces were
assigned a 50% light reflectance value. Ground planes on roof gardens, including the ballpark roof, were
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assigned a 40% light reflectance value. All lighting was modeled assuming initial conditions, and do not
account for any depreciation due to dirt, age, weather exposure, or other factors.

AGI renderings showing false-color luminance values were exported from each receptor site to provide a
direct before-and-after comparison of the anticipated impact of the project. The mesh levels required
for accurate calculations associated with surface or entity size, for some portions of the model, required
such tight meshing that the mesh boundaries in the exported renderings somewhat obscure the
displayed false-color representation of the anticipated luminances.

4.5.3 Lighting

Since the project is in early conceptual design, the specifics of the lighting design such as luminaire
selection and placement have not been developed. As such, the lighting information available via the
lighting masterplan was at a coarse level of detail, indicating illuminance targets for all major activities
anticipated within the project.

To allow the impact of that lighting to be modeled, the various surfaces within the project were assigned
luminances within AGI32, effectively allowing them to “glow” via reflected light. This method allows for
the effect of the light to be modeled without having to model the luminaires themselves. Based on the
lighting masterplan and the proposed geometry, Table 1 provides the pre-curfew modeled surface
luminances and Table 2 provides the post-curfew modeled surface luminances. The luminances were
derived using the assumed light reflectance values listed previously, assuming a Lambertian distribution.

llluminance, Luminance,
[lux] Reflectance [cd/m?]
Retail Storefronts* 300 50% 47.7
Mixed-Use Facades 35 50% 5.6
Roof Gardens 60 40% 7.6
Intersections 18 10% 0.6
Streets - Primary 20 10% 0.6
Streets - Secondary 20 10% 0.6
Plazas/Parks 6 10% 0.2
Athletics Way 6 10% 0.2
Ballpark Fagade 100 50% 15.9
Gondola Loading Platforms 200 10% 6.4
Surface Parking 10 10% 0.3

Table 1: Initial luminances pre-curfew (applies to game and non-game nights)

*Retail storefront luminance pre-curfew is intended to capture the impact of interior lighting emanating
from within
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llluminance, Luminance,
[lux] Reflectance [ed/m?]
Retail Storefronts* 35 50% 5.6
Mixed-Use Facades 35 50% 5.6
Roof Gardens 0 40% 0.0
Intersections 18 10% 0.6
Streets - Primary 20 10% 0.6
Streets - Secondary 20 10% 0.6
Plazas/Parks 6 10% 0.2
Athletics Way 6 10% 0.2
Ballpark Facade 15 50% 2.4
Gondola Loading Platforms 200 10% 6.4
Surface Parking 10 10% 0.3

Table 2: Initial luminances post-curfew

*Retail storefront luminance post-curfew is intended to capture exterior architectural lighting only

4.5.4 Identified Digital Signage

Though the full extent of digital signage for the project was not yet determined at this early stage in
design, two known and/or probable locations were included in the modeling effort.

Primarily, the main outfield scoreboard was included in the assessment. This pole-mounted scoreboard
is anticipated to be fully digital video and to be double-sided. Since the scoreboard will be in direct view
from some highway driving positions, it must comply with the California Vehicle Code, addressed in
section 2.1.5 above, and therefore was analyzed assuming a diffuse nighttime luminance of 3,500 cd/m?2.

Additionally, two locations of ribbon board were also included in the assessment. The ribbon boards are
also anticipated to be fully digital video displays to allow for customized displays and dynamic fan
engagement. It is assumed that the ribbon boards would not be brighter than the scoreboard to balance
brightnesses within the ballpark, and therefore the ribbon boards were assumed also to have a diffuse
nighttime luminance of 3,500 cd/m?2.

4.5.5 Sports Lighting

Sports lighting information, described in section 3.8.3 above, was provided by Henderson. The
information provided included an approximation of the number of sports light luminaires provided for
the field of play lighting to meet a target of 20% above MLB criteria.

IES files were obtained for sports lighting equipment from a sports lighting manufacturer that closely
matches the assumed luminaires. A light loss factor of 80% (20% loss) was assumed for each luminaire.
These luminaires and the house light luminaires are the only actual light sources modeled within the
assessment; all other modeling included the effect of the light, not the lights themselves.

Luminaires were located per the description from Henderson and aimed at 40° above nadir, which is the
maximum allowable aiming angle per MLB standards, and horizontally aimed perpendicular to the light
standards or structure to which they are mounted. This high aiming angle provides the worst-case
scenario for glare from a distance, since the luminaires are aimed as close to horizontal as permitted and
therefore most likely to capture the impact of potential glare from a distance.
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The photometric report for the luminaires used for this assessment are included in APPENDIX A —
SPORTS LIGHTING PHOTOMETRIC REPORT.

4.5.6 House Lighting

House lighting information, as described in section 3.8.4 above, was provided by Henderson. The
information provided included an approximate number of the house luminaires to meet a target
illuminance of 100 — 150 lux average.

IES files were obtained for a typical full-cutoff area light that closely matches the assumed luminaires.
Lumen output of the IES file was adjusted to match the assumed luminaires. No additional light loss
factor was applied, which assumes worst-case condition. These luminaires and the sports lighting
luminaires are the only actual light sources modeled with in the assessment; all other modeling included
the effect of the light, not the lights themselves.

Luminaires were located per the description from Henderson, and aimed straight down. The luminaires
are full-cutoff and were modeled without a tilt applied.

The photometric report for the luminaires used for this assessment are included in APPENDIX B — HOUSE
LIGHTING PHOTOMETRIC REPORT.

4,57 Cloud Cover

The San Francisco Bay area in general experiences a significant amount of cloud cover, often at low
elevations. Cloud cover is known to increase light spill by reflecting upward-directed light back down.
The lower the cloud ceiling is, the more significant the impact of the cloud cover on light spill can
generally be assumed. Based on TMY3 weather data from the National Renewable Energy Laboratory
(NREL) for the Oakland International Airport, the cloud ceiling conditions nearby are surprisingly high for
most of the year, with more than 63% of typical annual hours with a cloud ceiling above 10,000ft. Lower
cloud ceilings (4,000 ft and under) account for approximately 29.2% of the annual hours.
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Figure 29: Hours per year of typical cloud ceiling height based on TMY3 data for Oakland International
Airport
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Figure 30 shows the annual typical cloud cover measured at Oakland Metropolitan Airport, the closest
weather station reporting this data. As is shown, the sky dome is most typically 30 — 60% covered
(shown in teal), with the least amount of cloud coverage typically experienced mid-day in the fall and
the most amount of cloud coverage typically experienced in the morning hours in the summer and fall,
and in the midday hours in the winter.
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Figure 30: Cloud cover data from Climate Consultant using Oakland International Airport *.epw data

Since the cloud cover in this area is significant, the assessment included a parametric study of the
impact of cloud cover on the calculated spill light. In order to model the impact of cloud cover, a floating
horizontal plane was placed at various heights above the model and the resultant impact on the spill
light calculations were recorded. The cloud ceiling plane was modeled as low as 500 ft and as high as
10,000 ft above grade to model the range of potentially likely conditions. The cloud ceiling reflectance
was assigned as diffuse 65% light reflectance, since most sources indicate cloud reflectance values can

range between 10% and 90%.
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4.5.8 Modeled Lighting Conditions

Three lighting conditions were modeled:

e Game Nights: Assumed to be dusk to curfew during game nights (approximately 40 per year)
0 Architectural surfaces illuminated to full brightness per Table 1.
0 Sports and house lighting “on”
0 Scoreboard and ribbon board displays “on”
e Non-Game Nights, Pre-Curfew: Assumed to be dusk to curfew during non-game and non-event
nights (approximately 315 nights per year)
0 Architectural surfaces illuminated to full brightness per Table 1.
0 Sports and house lighting “off”
0 Scoreboard and ribbon board displays “off”
e Post curfew: Assumed to be curfew to dusk all nights of the year
0 Architectural surfaces illuminated to reduced brightness per Table 2.
0 Sports and house lighting “off”
0 Scoreboard and ribbon board displays “off”

All three of the lighting conditions described above were modeled for both the “Phase 1” scenario
meant to quantify the impact of the initial development and the “Full Buildout” scenario meant to

guantify the cumulative impact of the full development buildout, for both the “Baseline Project” and
“MRA Project”.

Additionally, the design option assessing the potential for the reduced ballpark height was modeled
based on only the Game Night lighting condition, for both the “Phase 1” scenario and the “Full Buildout”
scenario, and for both the “Baseline Project” and “MRA Project”.

In total, 148 simulations were created to complete the assessment.
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5 Existing Conditions Assessment Lighting Conditions

The first step of the assessment was to examine the existing lighting conditions. A site visit was made to
the Howard Terminal site on Tuesday, February 5%, 2019 beginning at 7pm. The sky conditions were
clear. Due to security, access to select portions of the site was limited.

5.1 Status of Existing Lighting Equipment

The existing site is primarily lighted by high-mast poles, each with twelve high-pressure sodium cutoff
area lights. Additionally, shorter pole-mounted flood lights are placed at select locations around the
perimeter of the site lighting inward. During the site visit, it was observed that approximately 10% of the
total luminaires on the site were working. Additionally, many of the high-pressure sodium lamps were
cycling, indicating they are nearing failure and likely producing up to 30% less light each than when they
were installed and maintained. As such, the baseline established by the existing lighting conditions is
lower in terms of both spill light and glare compared to a fully operational port condition.

Figure 31: Photograph of existing site lighting from 5 February 2019 site visit.

5.2 On-Site Measurements

Measurements of the existing lighting were taken throughout the site and are summarized in Figure 32
and Table 3. Horizontal illuminance measurements were taken near the ground plane in the center of
the site, targeting areas where the surrounding high-mast pole lights were functioning to the greatest
extent observed, to record the existing on-site light levels.

At the perimeter of the site, where accessible, horizontal illuminance measurements were taken at the
ground plane. Additionally, two vertical illuminance readings were recorded at approximately 5’-6"” AFG
at the perimeter of the site at selected locations. One of the two vertical illuminance readings was taken
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facing toward the property, perpendicular to the property line, to assess the amount of light spilling
from the property onto adjacent properties and/or into the water. Additionally, vertical illuminance
readings were taken facing outward from the property, perpendicular to the property line, to assess the
amount of light spilling onto the property which helps to evaluate how the existing site is light-polluted

by adjacent sources.

Areas in red were
SR 1diMAarke
not accessible

E D

Figure 32: Existing site lighting measurement locations recorded 5 February 2019

Vertical llluminance, [lux]
Markpoint Horizontal llluminance, [lux] Facing In Facing Out
A 0.0 Not measured 1.1
B 0.0 Not measured 0.0
C 0.0 1.3 Not measured
D 0.0 1.9 0.0
E 11.8 24.7 0.0
F Not measured Not measured 0.0
G (Vertical Facing West) 1.5 Not measured 3.2
G (Vertical Facing South) 1.5 Not measured 1.3
H 2.0 Not measured 3.8
J 2.2 Not measured 3.8
K 2.5 4.1 Not measured
M 4.6 Not measured 6.1
N 5.0 7.5 1.5
P 17.2 Not measured Not measured
Q 24.7 Not measured Not measured
R 3.8 5.4 1.2

Table 3: Existing site lighting measurement values recorded 5 February 2019
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5.2.1 Horizontal llluminance

As shown in Table 3, the existing lighting on the site was found to provide approximately 17.2 lux
between poles and approximately 24.7 lux directly under poles when approximately four out of twelve
luminaires per mast were working.

Additionally, horizontal illuminance readings at the property line varied from zero lux up to 4.9 lux,
indicating spill light at the property line that is contributed to by both the on-site lighting and the
lighting of adjacent properties. In general, horizontal illuminance readings along the waterfront were
extremely low, likely due in part to the fact that many of the luminaires immediately adjacent to the
waterfront area were off combined with the obstruction posed by the stored shipping containers and
trucks

5.2.2 Light Trespass from Site

Vertical illuminance readings at the property line facing into the site were taken to assess the impact of
the lighting on the project site onto adjacent properties and the water. As shown in Figure 32, vertical
illuminance recordings were taken ranging from 1.3 lux up to 24.7 lux, indicating that the current
lighting is contributing to light pollution onto adjacent properties. Per the recommendations included in
IES RP-33-14, shown in Figure 3, vertical illuminances on the property line in Lighting Zone 3 should not
exceed 8.0 lux.

5.2.3 Light Trespass onto Site

Vertical illuminance readings at the property line were also taken facing away from the site to assess
how light-polluted the site is from adjacent light sources. As shown in Figure 32, vertical illuminance
recordings were taken ranging from 0 lux on the southeast corner of the property, to 3.8 lux on the west
side of the property. While these values are high, they do comply with the recommendations in IES RP-
33-14, shown in Figure 3, for Lighting Zone 3 and indicate that the site is not highly light-polluted by
adjacent properties.

5.3  Receptor Site Identification

As described in section 4.1 above, the receptor sites were identified by ESA and expanded to include
alternate locations were measurements were not feasible due to unsafe or inaccessible locations, and
are shown in Figure 26 above.

All identified receptor sites were visited during the day on either Wednesday, February 5% or Thursday,
February 6%, 2019 to obtain daytime photographs.

5.3.1 Lighting Conditions at Receptor Sites

Lighting conditions were measured on the evening of Wednesday, February 6%, 2019 at all receptor sites
excluding Receptor Site 2 beginning at 7:30 pm. Weather conditions were partly cloudy.

At each receptor site, spill light measurements, glare measurements, and calibrated photography
measurements were recorded concurrently. For the two receptor sites located on elevated freeways,
the spill light measurements were taken from the back seat of a car travelling along the freeway with
the window rolled down.
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5.3.1.1 Receptor Site 1 — Water Street facing Ballpark

Table 4 provides the results of the spill light measurements for Receptor Site 1, Figure 33 provides the
daytime photo of the view from Receptor Site 1 to the proposed ballpark location, Figure 34 provides
the nighttime calibrated high dynamic range image of the view from Receptor Site 1 to the proposed
ballpark location, and Figure 35 provides the falsecolor high dynamic range image of the view from
Receptor Site 1 to the proposed ballpark showing the measured luminance values. Note the luminance
scale for each HDR image is unique and displayed on the left side of the image in units of cd/m?2.

Receptor Site 1 is located very close to the proposed development and the primary field of view is the
existing terminal site. The calibrated images and falsecolor images show that the primary sources of
brightness in the field of view are the high mast pole lights located on the project site and the high mast
pole lights located on properties to the west of the Terminal site. From this view, high luminance
contrast is experienced.

Vertical llluminance, [lux]
Average Max Min

Receptor Site 1 - Water Street (Facing Ballpark) 6.0 6.5 5.7
Table 4: Receptor Site 1 Existing Spill Light
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Figure 33: Receptor Site 1 Daytime Photo
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Figure 34: Receptor Site 1 Nighttime Calibrated HDR Image

Figure 35: Receptor Site 1 Falsecolor Image
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5.3.1.2 Receptor Site 1A — Water Street at Washington (Facing Gondola)

Table 5 provides the results of the spill light measurements for Receptor Site 1A, Figure 36 provides the
daytime photo of the view from Receptor Site 1A to the proposed gondola station location, Figure 37
provides the nighttime calibrated high dynamic range image of the view from Receptor Site 1A to the
proposed gondola station location, and Figure 38 provides the falsecolor high dynamic range image of
the view from Receptor Site 1A to the proposed gondola station location showing the measured
luminance values. Note the luminance scale for each HDR image is unique and displayed on the left side
of the image in units of cd/m?2.

Receptor Site 1A is located very close to the proposed gondola station included as a project variant and
the primary field of view is the Washington Street corridor. The calibrated images and falsecolor images
show that the primary sources of brightness in the field of view are the pedestrian pole lights located
along Washington Street and other architectural light sources mounted to adjacent buildings. From this
view, moderate luminance contrast is experienced.

Vertical llluminance, [lux]
Average Max Min

Receptor Site 1A - Water Street at Washington

7. 7. 7.1
(Facing Gondola) 3 >

Table 5: Receptor Site 1A Existing Spill Light
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Figure 36: Receptor Site 1A Daytime Photo
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Figure 37: Receptor Site 1A Nighttime Calibrated HDR Image

Figure 38: Receptor Site 1A Falsecolor Image
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5.3.1.3 Receptor Sites 2, 2B and 2C — Inner Harbor Turning Basin

On September 30, 2019, a visit to the Inner Harbor Turning Basin was conducted. Weather conditions
were partly cloudy. Measurements were taken at eye height aboard a ship with a deck height of 47m
(154 ft), giving a measurement height of approximately 159 ft above the water line. The site visit
occurred pre-dawn, and as such no daytime photos were taken. These measurements are used to
approximate the experience at Receptor Site 2, which is located 190’ above the water level. No
measurements were taken to approximate Receptor Sites 2B or 2C as these sites were inaccessible.

Table 6 provides the results of the spill light measurements for Receptor Site 2, Figure 39 provides the
nighttime calibrated high dynamic range image of the view from Receptor Site 2 to the proposed project
location, and Figure 40 provides the falsecolor high dynamic range image of the view from Receptor Site
2 to the proposed project location showing the measured luminance values. Note the luminance scale
for each HDR image is unique and displayed on the left side of the image in units of cd/m?.

The calibrated images and falsecolor images show that the primary source of brightness in the field of

view is the high-mast lighting and the reflected light from the light-colored paving surfaces. As noted in
the discussion of the existing lighting conditions at Howard Terminal in Section 5.1 above, many of the

existing light fixtures were not “on”, particularly in the southwest corner of the terminal site.

Vertical llluminance, [lux]

Average Max Min

Receptor Site 2 - Inner Harbor Turning Basin @ 190' 1.2 1.2 1.1
Table 6: Receptor Site 2 Existing Spill Light

Figure 39: Receptor Site 2 Nighttime Calibrated HDR Image
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Figure 40: Receptor Site 2 Falsecolor Image
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5.3.1.4 Receptor Site 2A — Turning Basin Line-of-Site

Receptor Site 2A was established to provide a line-of-site to the proposed project through the center of
the turning basin, though at ground level.

Table 7 provides the results of the spill light measurements for Receptor Site 2A, Figure 41 provides the
daytime photo of the view from Receptor Site 2A to the proposed project location, Figure 42 provides
the nighttime calibrated high dynamic range image of the view from Receptor Site 2A to the proposed
project location, and Figure 43 provides the falsecolor high dynamic range image of the view from
Receptor Site 2A to the proposed project location showing the measured luminance values. Note the
luminance scale for each HDR image is unique and displayed on the left side of the image in units of
cd/m?>.

Receptor Site 2A is located across the estuary and along the line of site through the center of the turning
basin. The calibrated images and falsecolor images show that the primary sources of brightness in the
field of view are the local dock lighting. From this view, moderate luminance contrast is experienced.

Vertical llluminance, [lux]

Average Max Min

Receptor Site 2A - Turning Basin Line-of-Sight 5.7 5.7 5.7
Table 7: Receptor Site 2A Existing Spill Light

Figure 41: Receptor Site 2A Daytime Photo
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Figure 42: Receptor Site 2A Nighttime Calibrated HDR Image

Figure 43: Receptor Site 2A Falsecolor Image
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5.3.1.5 Receptor Site 3 — Alameda Dock

Table 8 provides the results of the spill light measurements for Receptor Site 3, Figure 44 provides the
daytime photo of the view from Receptor Site 3 to the proposed project location, Figure 45 provides the
nighttime calibrated high dynamic range image of the view from Receptor Site 3 to the proposed project
location, and Figure 46 provides the falsecolor high dynamic range image of the view from Receptor Site
3 to the proposed project location showing the measured luminance values. Note the luminance scale

for each HDR image is unique and displayed on the left side of the image in units of cd/m?2.

Receptor Site 3 is located across the estuary and faces northwest toward the center of the project site.
The primary field of view is the estuary with the project site in the background. The calibrated images
and falsecolor images show that the primary sources of brightness in the field of view is the existing high
mast lighting at the project site and the adjacent properties, which causes reflections in the water. From

this view, high luminance contrast is experienced.

Vertical llluminance, [lux]

Average

Max

Min

Receptor Site 3 - Alameda Dock 1.1

1.1

1.1

Table 8: Receptor Site 3 Existing Spill Light

Figure 44: Receptor Site 3 Daytime Photo
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Figure 45: Receptor Site 3 Nighttime Calibrated HDR Image

Figure 46: Receptor Site 3 Falsecolor Image
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5.3.1.6 Receptor Site 4 — MLK at Embarcadero

Table 9 provides the results of the spill light measurements for Receptor Site 4, Figure 47 provides the
daytime photo of the view from Receptor Site 4 to the proposed project location, Figure 48 provides the
nighttime calibrated high dynamic range image of the view from Receptor Site 4 to the proposed project
location, and Figure 49 provides the falsecolor high dynamic range image of the view from Receptor Site
4 to the proposed project location showing the measured luminance values. Note the luminance scale
for each HDR image is unique and displayed on the left side of the image in units of cd/m?2.

Receptor Site 4 is located immediately adjacent to the project site and the primary field of view is the
existing site development. The calibrated images and falsecolor images show that the primary sources of
brightness in the field of view is the existing high mast lighting at the project site, though many of the
existing high mast luminaires were not functioning at the time of measurement. From this view, high
luminance contrast is experienced.

Vertical llluminance, [lux]

Average Max Min

Receptor Site 4 - MLK at Embarcadero 7.2 7.5 7.1
Table 9: Receptor Site 4 Existing Spill Light

Figure 47: Receptor Site 4 Daytime Photo
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