_CYPRESS CREEK C-

RENEWABLES

Attachment H.

Glint and Glare
Analysis Solar
Glare Report

February 25, 2022

Ostrea Solar, LLC Project

Prepared for:

Cypress Creek Renewables, LLC
3402 Pico Blvd.
Santa Monica, CA 90405

Prepared by:

TRC
Fort Collins, CO




This page intentionally left blank

CCR Ostrea Solar, LLC Project February 2022
Attachment H — Glint and Glare Analysis 1-1



Table of Contents

1.0 INTRODUCGCTION ... .ot rrre s e s e s s s s s ea s s e e mn s s s e nmn s s sennsssssennssssrennssnsrnnnns 1
1.1 22 Ted (o | (01U oo [P PRPPPPPP PRSP 1
2.0 PERMITTING AND REGULATORY REQUIREMENTS ... 3
21.1 Federal Aviation Administration Interim POICY ..........cccciiiiiiiii e, 3
2.2 Summary of CONSURALION..........oiiiiiiiiiiee e e e e e e e e e e eannes 3
2.3 APProach/METNOAS ... e e e e e e e eeeeas 3
2.3.1  Glare Hazard ANalysis TOOI ..........ueiiiiiiiiiiiiiieiie et a e e 3
2.3.2 Project SPeCifiCationS...........eeiiiiiiii i 5
2.3.3  ODbSErver Parameters........c..ooiiiiiiiiiiiie ettt 5
2.3.4 Desert Aire Regional AirPort ......ccoooiiieieeeeeeeeee e 5
2.4 LTS R 6
25 Characterization of Affected ENvironmMeNnt ............ccccoiiiiiiiiiiii e 7
26 Potential Project IMPacCts .........ooiiiiiiii e 7
2.7 Y T F= Vo g IV 1= = T T U 7
2.8 Summary of Effects and Significant Unavoidable Impacts After Mitigation........................ 7
29 =] 1= =Y Lo 8
Tables
Table 2-1. Project Glare Study RESUITS ... e 6
Table 2-2. FAA 2013 Policy ADNErenCe. ........cooee e, 7
Figures
Figure 1-1. Ostrea Project OVErvieW IMap........cooiiiii ittt e e ee e 2
Figure 2-1. Potential Glare IMPacLS .........oooiiiiiiiii ettt ee e 4
Appendices
Appendix A. Ostrea Solar, LLC Solar Glare Hazard Analysis Report
CCR Ostrea Solar, LLC Project February 2022

Attachment H — Glint and Glare Analysis i
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Project Site
Control
Boundary

PV
SGHAT
SR
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Kilovolt

Maximum Project Extent is defined as the area that contains the Project Footprint and
additional construction areas. The larger extent of the MPE will allow for the shifting of
project components, known as micro-siting, based on a final approved project design.

Desert Aire Regional Airport
Minutes per year
megawatts

Observation Point

Ostrea Solar, LLC Project

Total of the leased areas and easements for the Project

photovoltaic

Solar Glare Hazard Analysis Tool
State Route

Survey Area for glint and glare analysis
threshold-crossing height

TRC Environmental Corporation

Visual Route

Washington State Department of Transportation
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1.0 Introduction

Cypress Creek Renewables, LLC (CCR) proposes to construct and operate the Ostrea Solar,
LLC Project (Project). A solar glare analysis is required to be documented as part of the
Application for Site Certification (ASC) to the Washington Energy Facility Site Evaluation
Council (EFSEC). Under certain conditions, solar photovoltaic (PV) arrays can reflect sunlight
and produce glint, a momentary flash of bright light, or glare, a continuous source of bright light.
TRC Environmental Corporation (TRC) was contracted by the Project to complete the solar
glare analysis.

1.1 Background

The Project is situated north of Washington State Route (SR) 24, south of the Yakima Training
Center, and approximately 22 miles east of the town of Moxee, in Yakima County, Washington
(Figure 1-1). The Project Site Control Boundary (~1,699 acres) is defined as the total of the
leased areas and easements for the Project (Figure 1-1). Within the Project Site Control
Boundary, a smaller Study Area (1,123 acres) was defined for glint and glare analysis (Figure
1-1). The Maximum Project Extent (MPE) is defined as the area that contains the Project
Footprint and additional construction areas. The larger extent of the MPE will allow for the
shifting of project components, known as micro-siting, based on a final approved project design.
(811.3 acres).

The Project will use solar photovoltaic (PV) panels organized in arrays and aggregated to an
injection capacity limited to 80 megawatts (MW) of alternating current (AC) solar capacity at the
point of interconnection to the electric power grid. The Project will interconnect through a line
tap to Bonneville Power Administration’s (BPA’s) Moxee to Midway 115 kV (kilovolt)
transmission line that runs through the southern part of the Project. BPA’'s Moxee to Midway
115 kV transmission line connects to BPA’s Moxee substation, which is approximately 23 miles
west and north of the Project and BPA’s shared Midway substation, which is approximately nine
miles east and north of the Project. A security fence will be installed within 20 feet of the final
approved locations of the panel arrays. The exact fence line located will be micro-sited based n
the final approved design for the Project.

A Battery Energy Storage System (BESS) is required for the Project. The BESS system will
store energy from the Project or grid, which will be supplied to the electrical grid when needed.
If required, the BESS will be located to the west of the substation (for AC coupled) or as smaller
battery cabinets collocated throughout the MPE at the inverter pad locations (for Direct Current
[DC] coupled).

An Operations and Maintenance trailer, and employee parking will be located just west of the
Project substation. The trailer will be permanently located during the life of the Project and will
include a bathroom. During construction, the employee parking area and the Operation and
Maintenance trailer footprint will be used as a construction laydown yard. Access to the Project
will be from SR-24 on the west side of the eastern most parcel in the MPE.

CCR Ostrea Solar, LLC Project February 2022
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2.0 Permitting and Regulatory Requirements
2.1.1 Federal Aviation Administration Interim Policy

The 2013 Federal Aviation Administration (FAA) Interim Policy 78 Federal Register (FR) 63276
was originally developed for solar projects located on airport property. Use of the Solar Glare
Hazard Analysis Tool (SGHAT) is recommended and approved by the FAA for on-airport solar
projects (FAA 2013). However, the Interim Policy and SGHAT have been adopted by the
industry for solar projects located on off-airport property. The FAA requires that on-airport solar
projects meet the following standards:

1. The study is conducted with the SGHAT’s default (or stricter) analysis and observer
parameters (details included in Appendix A).

2. No potential for yellow glare or glare with potential for after-image for any flight path from
the runway threshold extending out two miles.

3. No potential for glint or glare in the existing or planned Air Traffic Control Tower (ATCT)
cab.

2.2 Summary of Consultation

Prior to conducting this study, TRC consulted with the Washington State Department of
Transportation (WSDOT) and the Department of Defense (DoD) to determine if a glare study
would be required to document a lack of potential glare impacts to vehicle traffic on SR 24 and
military flightpaths, respectively.

TRC provided the Project footprint to Kimberly Peacher, Community Planning and Liaison
Officer for the Northwest Training Range Complex (Yakima Training Center, DoD), on February
19, 2021. On February 22, 2021, Kimberly Peacher confirmed, via email correspondence and a
follow-up phone call, that the military training flightpath, Visual Route (VR) 1350, passes in close
proximity to the Study Area. The DoD requested that a glare study be conducted to confirm no
glare impacts to air traffic traveling along this route and parameters were confirmed via email.
On February 18, 2021, TRC contacted Jacob Prilucik, Transportation Engineer for the WSDOT
South Central Region, to discuss study parameters and specific concerns for WSDOT. TRC
submitted the Project footprint to Mr. Prilucik on March 15, 2021. Mr. Prilucik requested
screening measures as necessary to mitigate the impacts from glare.

TRC also used the FAA Notice Criteria Tool to determine the location of the nearest FAA-
obligated airports and to determine if notification to the FAA would be required for new
construction within the Study Area. According to the FAA Tool, Notice is not expected to be
required for the construction of the Project (FAA 2021a).

2.3 Approach/Methods

2.3.1 Glare Hazard Analysis Tool

To conduct the glint and glare analysis, TRC used methods developed by Sandia National
Laboratories and described in the SGHAT User’s Manual (Ho and Sims 2013). The SGHAT-

compliant software used in this analysis is under license to TRC by ForgeSolar.

The magnitude of glint and glare depends on several factors such as the sun’s position, the
location of the observer, and characteristics of the solar PV array including location, orientation,

CCR Ostrea Solar, LLC Project February 2022
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tilt, and optical properties of the modules used. Glare visibility from an observer’s location was
analyzed once glare characteristics were determined. Ocular hazard potential was estimated
based on the retinal irradiance and subtended angle (size/distance) of the predicted glare (Ho

2011).

Potential ocular hazards range from temporary after-image to retinal burn depending on

the retinal irradiance and subtended angle, as shown in Figure 2-1. The SGHAT classifies solar

glare into three categories, denoted as “green,

~_
N

Retinal Irradiance (W/cm#

”

yellow,” or “red” glare.

Green glare is the mildest of the classifications and has low potential to cause
after-image and no potential to cause retinal burn.

Yellow glare is a moderate level of glare and has some potential for temporary
after-image and no potential to cause retinal burn.

Red glare is a serious and significant form of glare with potential to cause retinal burn
and/or permanent eye damage.

1.E+03 &
E . Potential for Permanent Eye e—Brumleve (1977)[1]
1.E+02 %L\::;Z;‘ Damage (retinal burn) —
c ~ ~
1.E+01 2 T~ - __ __ __ __| e slineyandFreasier
1 £+00 o (1973, Table 11I) [3]
EF E l\ direct viewing
- of sun . .
1.E-01 = = Potential for —— Delori et al. (2007)
g 1 \l\ After-image ANSSI 2000 [11]
1.E-02 € ?
E I \ ® Metcalf and Horn
1.E-03 + (1958) [12]
1 E-04 - | Low Potentialfor \
T OE After-Image m Severin et al. (1962)
1.E-05 + el
? subtended angle of sun I
1-E_06 1 1 1 111 III 1 1 1 111 III 1 1 1 1111 II Il 0 SaUr and Dobrash
1 10 100 1000 (1969)[14]

Subtended Source Angle (mrad)

Source Ho 2011

Figure 2-1. Potential Glare Impacts

Limitations of the SGHAT applicable to this Project are as follows:

The SGHAT does not rigorously represent the detailed geometry of a solar panel array;
detailed features such as gaps between modules, variable heights of the PV array, and
support structures may impact actual glare results. However, the accuracy of the current
approach has been validated by a number of test cases.

The model does not consider obstacles (either natural or artificial, existing or proposed)
and mitigation measures between the observation points and prescribed solar
installation that may obstruct the predicted glare.

The ocular hazard predicted by the tool depends on a number of environmental, optical,
and human factors, which can be uncertain.

CCR Ostrea Solar, LLC Project February 2022
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In general, default values given by the SGHAT in this analysis reflect the worst-case scenario.
As such, the actual glare created by the Project is likely to be less than that predicted by the
model.

The following additional assumptions have been used for the analysis:

¢ Time zone for the Project was set at UTC-8 (Pacific Standard Time).

o Subtended angle of the sun of 9.8 milliradian is assumed, as recommended by the
SGHAT. This is the average angle of the sun as viewed from earth as it moves
throughout the course of the day.

e The time interval for the analysis was set to run at 1-minute increments.
A more detailed explanation of assumptions is included in Appendix A.
2.3.2 Project Specifications

The Project is proposed to be mounted on a single-axis tracking system with axes that are
oriented to the south (180°), and an east-west tilt angle ranging from 60° to -60°. A resting angle
(also called stow angle) of 60° is proposed, with panels mounted to the tracking system at a
height of 7.99 feet. The glare analysis was conducted using tracking axis tilt angles of 0° and
10° to account for variations in slope within Study Area. Panels are proposed to have a smooth-
textured surface. The coating on the panels is unknown at this time. To be conservative, the
glare analysis was conducted, assuming no anti-reflective coating would be used.

2.3.3 Observer Parameters

The analysis was conducted for nearby occupied residences identified via aerial imagery and
Google “Street View” photos (Google Earth Pro 2021). Three residences were identified in the
area surrounding the Study Area. Locations and number of stories were confirmed during site
visits conducted in April 2021. All residences modeled are one-story homes. The analysis was
conducted using ForgeSolar’s Observation Point (OP) tool to model glare visible from single
locations. A height of six feet was used to represent an observer in the window of a single-story
home.

For traffic traveling on SR 24, ForgeSolar's Route Receptor tool was used. The tool uses a
multi-line representation that can simulate observers traveling along continuous paths such as
roadways. Vehicles were modeled traveling in either direction along SR 24, and a height of five
feet was used to represent the average height of an observer seated in a vehicle. The Route
Receptor tool was also used to simulate a military aircraft traveling along VR 1350. A floor
altitude of 200 feet above ground level (AGL) was used with flights traveling south-southwest.
Additional detail about the receptor parameters used is included in Appendix A.

2.3.4 Desert Aire Regional Airport

Desert Aire Regional Airport (M94) is the nearest FAA-obligated airport. Although it is not
located in close proximity to the Study Area, TRC also performed the glare analysis to ensure
no impacts are predicted for flights landing at M94. TRC used ForgeSolar's Two-mile Flightpath
tool to estimate glare predicted to be visible from flights descending to land at M94’s runway.
The Flightpath tool simulates aircraft following a straight-line approach toward a runway,
including a restricted field-of-view to filter unrealistic glare.

CCR Ostrea Solar, LLC Project February 2022
Attachment H — Glint and Glare Analysis 5



M94 is located approximately nine miles north-northeast of the Study Area. According to the
FAA, M94 uses one asphalt runway, Runway 10/28, which has a northwest-southeast
alignment. No ATCTs are identified by the FAA at this airport. For Runway 10, specific values
for glide slope and threshold-crossing height (TCH) are not provided by the FAA. Thus, default
values were used for aircraft landing at this runway (FAA 2021b).

Runway parameters used in this analysis are as follows:

Runway 10

o Glide slope (Visual Glide Path): 3°
e TCH: 50 feet AGL
¢ Runway heading (Azimuth): 115°

Runway 28

e Glide slope (Visual Glide Path): 4°
e TCH: 45 feet AGL
¢ Runway heading (Azimuth): 295°

Default values for the modeled pilot’s viewshed were used in the Flightpath analysis. A
maximum vertical field of view from the pilot of 30° and an azimuthal (horizontal) viewing angle
ranging from 50° to -50°.

2.4 Results

Using the parameters specified above, no glare is modeled to be visible at the selected
observation points, traffic traveling either direction on SR 24, military training flights on VR 1350,
or by flights approaching either runway at M94 (Table 2-1). Detailed results are included in
Appendix A.

Table 2-1. Project Glare Study Results?

Receptor Green Glare Yellow Glare Red Glare
° (min/yr) (min/yr) (min/yr)
OP1 0 0 0
0oP2 0 0 0
OoP3 0 0 0
SR 24 0 0 0
VR 1350 0 0 0
M94 Runway 10 0 0 0
M94 Runway 28 0 0 0
aminutes/year = min/yr, observation point = OP
CCR Ostrea Solar, LLC Project February 2022
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Table 2-2 below demonstrates that the parameters used in this study and lack of glare received
by flights landing at M94 comply with the guidelines set forth by the FAA 2013 Interim Policy
(FAA 2013). Additional detail regarding these parameters is included in Appendix A.

Table 2-2. FAA 2013 Policy Adherence.

Component Status Description
Analysis Parameters PASS Analysis time interval and eye characteristics used are acceptable.
2-mile Flight Path(s) PASS Flight path receptor(s) do not receive yellow glare.
ATCT(s) N/A No ATCT receptors designated.

In order to further ensure that no glare impacts would be expected to occur from the Project,
TRC also assessed glare impacts using an additional offset angle of 10° to account for modules
situated on slopes. No glare was predicted at any of the selected receptors using the additional
offset angle. Results of this supplemental analysis were provided to CCR separately.

2.5 Characterization of Affected Environment

Much of the area surrounding the Study Area is currently undeveloped or used for agricultural
activities, with several farm outbuildings located adjacent, and a small number of rural
residences located east of the Study Area along SR 24. SR 24 runs east-west along the
southern Study Area boundary and transects the southeastern corner of the Study Area. The
FAA identifies one public-use airport, M94, located approximately nine miles north-northeast of
the Study Area. No other public-use airports are located within 10 miles of the Study Area (FAA
2021c¢). In addition, the Study Area is situated just south of the Yakima Training Center, a large
open-land area used for various military training exercises, including military training flights.

No existing sources of glare occur on or near the Study Area. The location of sensitive
receptors, including airports, air flight routes, highways, and residences are described above.

2.6 Potential Project Impacts

Based on the results of these analyses, the Project, as currently designed is not predicted to
create any potentially significant glare impacts to residences, roadways, or air traffic. This study
was conducted using an intentionally conservative approach to represent the “worst-case
scenario” for glare predicted. In most cases, glare predicted by this model will likely be an over-
estimate of the actual glare visible by observers. However, if the Project design will change
significantly, TRC recommends conducting this analysis using the revised design specifications
to ensure no changes to expected impacts.

2.7 Mitigation Measures

No mitigation measures are proposed, as no glare is predicted to be visible at any of the
representative receptors.

2.8 Summary of Effects and Significant Unavoidable Impacts After Mitigation

No significant unavoidable impacts from glare are expected.

CCR Ostrea Solar, LLC Project February 2022
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PV planning & glare analysis

FORGESOLAR GLARE ANALYSIS

Project: Ostrea Solar
Proposed utility-scale solar

Site configuration: Ostrea Config 3_10 deg
Analysis conducted by Alan Plumeau (aplumeau@trccompanies.com) at 21:50 on 22 Jul, 2021.

U.S. FAA 2013 Policy Adherence

The following table summarizes the policy adherence of the glare analysis based on the 2013 U.S. Federal Aviation Administration
Interim Policy 78 FR 63276. This policy requires the following criteria be met for solar energy systems on airport property:

» No "yellow" glare (potential for after-image) for any flight path from threshold to 2 miles
» No glare of any kind for Air Traffic Control Tower(s) ("ATCT") at cab height.
« Default analysis and observer characteristics (see list below)

ForgeSolar does not represent or speak officially for the FAA and cannot approve or deny projects. Results are informational only.

COMPONENT STATUS DESCRIPTION

Analysis parameters PASS Analysis time interval and eye characteristics used are acceptable
2-mile flight path(s) PASS Flight path receptor(s) do not receive yellow glare

ATCT(s) N/A No ATCT receptors designated

Default glare analysis parameters and observer eye characteristics (for reference only):

« Analysis time interval: 1 minute

+ Ocular transmission coefficient: 0.5

* Pupil diameter: 0.002 meters

« Eye focal length: 0.017 meters

+ Sun subtended angle: 9.3 milliradians

FAA Policy 78 FR 63276 can be read at https://www.federalregister.gov/d/2013-24729



SITE CONFIGURATION

Analysis Parameters

DNI: peaks at 1,000.0 W/m”2
Time interval: 1 min

Ocular transmission
coefficient: 0.5

Pupil diameter: 0.002 m

Eye focal length: 0.017 m
Sun subtended angle: 9.3
mrad

Site Config ID: 56577.9520




PV Array(s)



Name: PV array 1

Axis tracking: Single-axis rotation
Tracking axis orientation: 180.0°
Tracking axis tilt: 10.0°

Tracking axis panel offset: 0.0°
Max tracking angle: 60.0°
Resting angle: 60.0°

Rated power: -

Panel material: Smooth glass without AR coating
Reflectivity: Vary with sun

Slope error: correlate with material
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Latitude (°)

46.534372
46.534328
46.535036
46.535007
46.534357
46.534298
46.534948
46.534918
46.538992
46.540379
46.540409
46.541147
46.541206
46.542121
46.542150
46.542770
46.542829
46.545456
46.545456
46.546312
46.546312
46.547139
46.547139
46.547950
46.547987
46.544873
46.544859
46.543936
46.543936
46.543043
46.543036
46.542173
46.542173
46.541184
46.541176
46.539752
46.539752
46.538335
46.538328
46.537634
46.537641
46.536342
46.536335
46.535501
46.535509

Longitude (°)

-119.951426
-119.947199
-119.947241
-119.946126
-119.946083
-119.942435
-119.942564
-119.938444
-119.938272
-119.938229
-119.939688
-119.939688
-119.942349
-119.942349
-119.943422
-119.943422
-119.945482
-119.945739
-119.946598
-119.946598
-119.948743
-119.948786
-119.951061
-119.951039
-119.955388
-119.955388
-119.955088
-119.955120
-119.954734
-119.954723
-119.954208
-119.954219
-119.953779
-119.953800
-119.953285
-119.953350
-119.952888
-119.952953
-119.952352
-119.952341
-119.951923
-119.951977
-119.951665
-119.951698
-119.951397

Ground elevation (ft)

1562.54
1537.11
1550.72
1541.38
1528.75
1502.26
1513.92
1485.04
1561.83
1574.94
1602.26
1605.17
1656.55
1659.97
1680.32
1671.74
1714.45
1684.86
1715.14
1709.35
1785.55
1775.49
1862.25
1854.12
1930.76
1832.60
1831.08
1803.49
1803.47
1774.49
1774.58
1750.40
1751.06
1723.97
1723.03
1686.62
1687.41
1655.90
1652.24
1636.40
1633.60
1604.77
1602.37
1586.79
1584.04

Height above ground (ft)

7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99

Total elevation (ft)

1570.53
1545.10
1558.71
1549.37
1536.74
1510.25
1521.91
1493.03
1569.83
1582.93
1610.25
1613.16
1664.54
1667.96
1688.31
1679.73
1722.44
1692.85
1723.13
1717.34
1793.54
1783.48
1870.24
1862.11
1938.75
1840.59
1839.07
1811.48
1811.46
1782.48
1782.57
1758.39
1759.05
1731.96
1731.02
1694.61
1695.40
1663.89
1660.23
1644.39
1641.59
1612.76
1610.36
1594.78
1592.04



Name: PV array 1a

Axis tracking: Single-axis rotation
Tracking axis orientation: 180.0°
Tracking axis tilt: 10.0°

Tracking axis panel offset: 0.0°
Max tracking angle: 60.0°
Resting angle: 60.0°

Rated power: -

Panel material: Smooth glass without AR coating
Reflectivity: Vary with sun

Slope error: correlate with material

Vertex Latitude (°) Longitude (°)
1 46.545125 -119.958378
2 46.545110 -119.956351
3 46.544564 -119.956351
4 46.544571 -119.956125
5 46.543944 -119.956125
6 46.543951 -119.955728
7 46.542225 -119.955750
8 46.542195 -119.954977
9 46.540173 -119.955029
10 46.540166 -119.954214
11 46.538963 -119.954235
12 46.538963 -119.953699
13 46.537509 -119.953731
14 46.537479 -119.953259
15 46.536195 -119.953237
16 46.536217 -119.954578
17 46.537310 -119.954653
18 46.537310 -119.955319
19 46.538439 -119.955286
20 46.538417 -119.956016
21 46.540158 -119.955909
22 46.540210 -119.956735
23 46.541488 -119.956703
24 46.541488 -119.957003
25 46.542263 -119.956992
26 46.542248 -119.957561
27 46.542802 -119.957539
28 46.542772 -119.957926
29 46.543518 -119.957904

30 46.543532 -119.958462

Ground elevation (ft)

1856.16
1844.03
1830.61
1827.73
1811.17
1804.02
1762.60
1753.48
1705.77
1700.77
1673.48
1670.99
1638.87
1633.85
1608.29
1600.69
1633.43
1626.27
1661.19
1656.64
1708.57
1711.13
1749.90
1751.17
1772.18
1774.83
1790.96
1790.59
1812.58
1814.72

Height above ground (ft)

7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99

Total elevation (ft)

1864.15
1852.02
1838.60
1835.72
1819.16
1812.01
1770.59
1761.47
1713.76
1708.76
1681.48
1678.98
1646.86
1641.84
1616.28
1608.68
1641.42
1634.26
1669.19
1664.63
1716.56
1719.12
1757.89
1759.16
1780.17
1782.82
1798.95
1798.58
1820.57
1822.71



Name: PV array 2

Axis tracking: Single-axis rotation
Tracking axis orientation: 180.0°
Tracking axis tilt: 10.0°

Tracking axis panel offset: 0.0°
Max tracking angle: 60.0°
Resting angle: 60.0°

Rated power: -

Panel material: Smooth glass without AR coating
Reflectivity: Vary with sun

Slope error: correlate with material

Vertex Latitude (°) Longitude (°)
1 46.544292 -119.912719
2 46.539746 -119.912655
3 46.539746 -119.912140
4 46.538801 -119.912183
5 46.538787 -119.909200
6 46.539702 -119.909200
7 46.539672 -119.908084
8 46.542462 -119.908191
9 46.542491 -119.909007
10 46.543126 -119.909050
11 46.543126 -119.909543
12 46.544218 -119.909629
13 46.544233 -119.910552
14 46.544971 -119.910595
15 46.544971 -119.911968
16 46.544292 -119.911968

Ground elevation (ft)

1558.47
1416.65
1413.06
1398.66
1388.16
1412.39
1411.73
1474.70
1488.59
1504.02
1507.20
1518.05
1544.30
1570.18
1596.76
1558.88

Height above ground (ft)

7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99

Total elevation (ft)

1566.46
1424.64
1421.05
1406.65
1396.15
1420.39
1419.72
1482.69
1496.58
1512.01
1515.19
1526.04
1552.29
1578.17
1604.75
1566.87



Name: PV array 3

Axis tracking: Single-axis rotation
Tracking axis orientation: 180.0°
Tracking axis tilt: 10.0°

Tracking axis panel offset: 0.0°
Max tracking angle: 60.0°
Resting angle: 60.0°

Rated power: -

Panel material: Smooth glass without AR coating
Reflectivity: Vary with sun

Slope error: correlate with material

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)
1 46.542733 -119.907215 1477.91 7.99 1485.90
2 46.539486 -119.907130 1409.06 7.99 1417.05
3 46.539493 -119.903965 1389.94 7.99 1397.93
4 46.540932 -119.904007 1425.98 7.99 1433.97
5 46.540932 -119.904394 1429.44 7.99 1437.43
6 46.541619 -119.904426 1450.59 7.99 1458.58
7 46.541619 -119.905016 1454.96 7.99 1462.95
8 46.542696 -119.905048 1489.42 7.99 1497.41



Name: PV array 4

Axis tracking: Single-axis rotation
Tracking axis orientation: 180.0°
Tracking axis tilt: 10.0°

Tracking axis panel offset: 0.0°
Max tracking angle: 60.0°
Resting angle: 60.0°

Rated power: -

Panel material: Smooth glass without AR coating
Reflectivity: Vary with sun

Slope error: correlate with material

Vertex Latitude (°) Longitude (°)
1 46.542629 -119.904057
2 46.542629 -119.896611

3 46.541861 -119.896600
4 46.541843 -119.896117
5 46.540983 -119.896085
6 46.540980 -119.897375
7 46.540253 -119.897334
8 46.540276 -119.899943
9 46.541077 -119.899965
10 46.541066 -119.899441

11 46.541835 -119.899470
12 46.541846 -119.900473
13 46.541108 -119.900430
14 46.541101 -119.901192
15 46.540297 -119.901181

16 46.540326 -119.902426
17 46.541094 -119.902447
18 46.541094 -119.903241

19 46.541876 -119.903241

20 46.541861 -119.904035

Ground elevation (ft)

1478.46
1463.42
1452.76
1448.13
1427.41
1426.24
1410.26
1393.53
1405.57
1411.82
1425.57
1420.37
1401.68
1403.43
1383.58
1393.04
1415.00
1425.70
1448.58
1454.95

Height above ground (ft)

7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99

Total elevation (ft)

1486.45
1471.41
1460.75
1456.12
1435.40
1434.23
1418.26
1401.53
1413.56
1419.81
1433.56
1428.36
1409.67
1411.42
1391.57
1401.03
1422.99
1433.69
1456.57
1462.94



Name: PV array 5

Axis tracking: Single-axis rotation
Tracking axis orientation: 180.0°
Tracking axis tilt: 10.0°

Tracking axis panel offset: 0.0°
Max tracking angle: 60.0°
Resting angle: 60.0°

Rated power: -

Panel material: Smooth glass without AR coating
Reflectivity: Vary with sun

Slope error: correlate with material

Vertex Latitude (°) Longitude (°)
1 46.539627 -119.894853
2 46.536085 -119.894917
3 46.536225 -119.900357
4 46.537294 -119.900384
5 46.537292 -119.900636
6 46.537968 -119.900646
7 46.537978 -119.901086
8 46.538867 -119.901119
9 46.538859 -119.900131
10 46.538830 -119.898672
11 46.539642 -119.898715

Name: PV array 6

Axis tracking: Single-axis rotation
Tracking axis orientation: 180.0°
Tracking axis tilt: 10.0°

Tracking axis panel offset: 0.0°
Max tracking angle: 60.0°
Resting angle: 60.0°

Rated power: -

Panel material: Smooth glass without AR coating
Reflectivity: Vary with sun

Slope error: correlate with material

Vertex Latitude (°) Longitude (°)

1 46.538366 -119.906951
2 46.538366 -119.901425
3 46.536875 -119.901393
4 46.536949 -119.906951

Ground elevation (ft)

1397.45
1324.43
1314.29
1336.71
1332.81
1344.88
1336.68
1361.00
1366.26
1375.09
1391.19

Ground elevation (ft)

1385.42
1342.34
1325.95
1358.11

Height above ground (ft)

7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99
7.99

Height above ground (ft)

7.99
7.99
7.99
7.99

Total elevation (ft)

1405.44
1332.42
1322.28
1344.70
1340.80
1352.87
1344.67
1368.99
1374.25
1383.08
1399.18

Total elevation (ft)

1393.41
1350.33
1333.94
1366.10



Flight Path Receptor(s)

Name: M94 Runway 10
Description:

Threshold height: 50 ft
Direction: 115.0°

Glide slope: 3.0°

Pilot view restricted? Yes
Vertical view: 30.0°
Azimuthal view: 50.0°

Point Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)
Threshold 46.689414 -119.926353 543.70 50.00 593.70
Two-mile 46.701633 -119.964599 488.53 658.63 1147.16

Name: M94 Runway 28
Description:

Threshold height: 45 ft
Direction: 295.0°

Glide slope: 4.0°

Pilot view restricted? Yes
Vertical view: 30.0°
Azimuthal view: 50.0°

Point Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)
Threshold 46.685026 -119.913197 582.18 45.00 627.18
Two-mile 46.672807 -119.874955 681.42 684.23 1365.64

Discrete Observation Receptors

Name ID Latitude (°) Longitude (°) Elevation (ft) Height (ft)
OP 1 1 46.534476 -119.893113 1294.76 6.00
OP2 2 46.533011 -119.919298 1379.95 6.00

OP 3 3 46.535217 -119.880692 1302.16 6.00



Route Receptor(s)

Name: Highway 24
Path type: Two-way
Observer view angle: 50.0°

Note: Route receptors are excluded from this
FAA policy review. Use the 2-mile flight path
receptor to simulate flight paths according to
FAA guidelines.

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)
1 46.534450 -119.875964 1318.42 5.00 1323.42
2 46.534007 -119.877681 1294.89 5.00 1299.89
3 46.533918 -119.879354 1280.78 5.00 1285.78
4 46.534302 -119.883603 1253.43 5.00 1258.43
5 46.535424 -119.896263 1312.57 5.00 1317.57
6 46.536015 -119.903816 1334.95 5.00 1339.95
7 46.536487 -119.909696 1353.32 5.00 1358.32
8 46.536457 -119.910725 1355.09 5.00 1360.09
9 46.536133 -119.912270 1356.44 5.00 1361.44
10 46.534391 -119.918450 1371.89 5.00 1376.89
11 46.531822 -119.927076 1413.53 5.00 1418.53
12 46.529933 -119.933514 1414.59 5.00 1419.59
13 46.526951 -119.943599 1428.85 5.00 1433.85
14 46.524057 -119.953684 1454.21 5.00 1459.21
15 46.520750 -119.965185 1533.94 5.00 1538.94
16 46.519746 -119.968833 1541.39 5.00 1546.39
17 46.519628 -119.969305 1545.40 5.00 1550.40
18 46.519598 -119.974626 1564.20 5.00 1569.20
19 46.519451 -119.974516 1562.91 5.00 1567.91

N
o

46.519421 -119.974602 1562.79 5.00 1567.79



Name: VR 1350

Path type: One-way (toward increasing index)

Observer view angle: 50.0°

Note: Route receptors are excluded from this

FAA policy review. Use the 2-mile flight path

receptor to simulate flight paths according to

FAA guidelines.

Vertex Latitude (°) Longitude (°)
1 46.783300 -119.800000
2 46.446667 -119.835000

Ground elevation (ft)

1442.07
3394.17

GLARE ANALYSIS RESULTS

Summary of Glare

PV Array Name

PV array 1
PV array 1a
PV array 2
PV array 3
PV array 4
PV array 5

PV array 6

Tilt
)
SA
tracking
SA
tracking
SA
tracking
SA
tracking
SA
tracking
SA
tracking

SA
tracking

Total annual glare received by each receptor

Receptor

M94 Runway 10
M94 Runway 28

Orient
)
SA

tracking
SA
tracking
SA
tracking
SA
tracking
SA
tracking
SA
tracking

SA
tracking

"Green" Glare

min

Annual Green Glare (min)

Height above ground (ft)

200.01
200.01

"Yellow" Glare
min
0

Total elevation (ft)

1642.08
3594.18

Energy
kWh

Annual Yellow Glare (min)



Receptor Annual Green Glare (min)

OP 1

OP 2

OP3
Highway 24
VR 1350

O O o o o

Results for: PV array 1

Receptor Green Glare (min)

M94 Runway 10
M94 Runway 28
OP 1

OP2

OP3

Highway 24

VR 1350

O O O O o o o

Flight Path: M94 Runway 10

0 minutes of yellow glare
0 minutes of green glare

Flight Path: M94 Runway 28

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 1

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 2

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 3

0 minutes of yellow glare
0 minutes of green glare

Annual Yellow Glare (min)

O O o o o

Yellow Glare (min)

O O O O o o o



Route: Highway 24

0 minutes of yellow glare
0 minutes of green glare

Route: VR 1350

0 minutes of yellow glare
0 minutes of green glare

Results for: PV array la

Receptor Green Glare (min)

M94 Runway 10
M94 Runway 28
OP 1

OP2

OP 3

Highway 24

VR 1350

O O O O o o o

Flight Path: M94 Runway 10

0 minutes of yellow glare
0 minutes of green glare

Flight Path: M94 Runway 28

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 1

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 2

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 3

0 minutes of yellow glare
0 minutes of green glare

Yellow Glare (min)

O O O ©O o o o



Route: Highway 24

0 minutes of yellow glare
0 minutes of green glare

Route: VR 1350

0 minutes of yellow glare
0 minutes of green glare

Results for: PV array 2

Receptor Green Glare (min)

M94 Runway 10
M94 Runway 28
OP 1

OP2

OP 3

Highway 24

VR 1350

O O O O o o o

Flight Path: M94 Runway 10

0 minutes of yellow glare
0 minutes of green glare

Flight Path: M94 Runway 28

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 1

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 2

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 3

0 minutes of yellow glare
0 minutes of green glare

Yellow Glare (min)

O O O ©O o o o



Route: Highway 24

0 minutes of yellow glare
0 minutes of green glare

Route: VR 1350

0 minutes of yellow glare
0 minutes of green glare

Results for: PV array 3

Receptor Green Glare (min)

M94 Runway 10
M94 Runway 28
OP 1

OP2

OP 3

Highway 24

VR 1350

O O O O o o o

Flight Path: M94 Runway 10

0 minutes of yellow glare
0 minutes of green glare

Flight Path: M94 Runway 28

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 1

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 2

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 3

0 minutes of yellow glare
0 minutes of green glare

Yellow Glare (min)

O O O ©O o o o



Route: Highway 24

0 minutes of yellow glare
0 minutes of green glare

Route: VR 1350

0 minutes of yellow glare
0 minutes of green glare

Results for: PV array 4

Receptor Green Glare (min)

M94 Runway 10
M94 Runway 28
OP 1

OP2

OP 3

Highway 24

VR 1350

O O O O o o o

Flight Path: M94 Runway 10

0 minutes of yellow glare
0 minutes of green glare

Flight Path: M94 Runway 28

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 1

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 2

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 3

0 minutes of yellow glare
0 minutes of green glare

Yellow Glare (min)

O O O ©O o o o



Route: Highway 24

0 minutes of yellow glare
0 minutes of green glare

Route: VR 1350

0 minutes of yellow glare
0 minutes of green glare

Results for: PV array 5

Receptor Green Glare (min)

M94 Runway 10
M94 Runway 28
OP 1

OP2

OP 3

Highway 24

VR 1350

O O O O o o o

Flight Path: M94 Runway 10

0 minutes of yellow glare
0 minutes of green glare

Flight Path: M94 Runway 28

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 1

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 2

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 3

0 minutes of yellow glare
0 minutes of green glare

Yellow Glare (min)

O O O ©O o o o



Route: Highway 24

0 minutes of yellow glare
0 minutes of green glare

Route: VR 1350

0 minutes of yellow glare
0 minutes of green glare

Results for: PV array 6

Receptor Green Glare (min)

M94 Runway 10
M94 Runway 28
OP 1

OP2

OP 3

Highway 24

VR 1350

O O O O o o o

Flight Path: M94 Runway 10

0 minutes of yellow glare
0 minutes of green glare

Flight Path: M94 Runway 28

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 1

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 2

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 3

0 minutes of yellow glare
0 minutes of green glare

Yellow Glare (min)

O O O ©O o o o



Route: Highway 24

0 minutes of yellow glare
0 minutes of green glare

Route: VR 1350

0 minutes of yellow glare
0 minutes of green glare

Assumptions

"Green" glare is glare with low potential to cause an after-image (flash blindness) when observed prior to a typical blink response time.
"Yellow" glare is glare with potential to cause an after-image (flash blindness) when observed prior to a typical blink response time.
Times associated with glare are denoted in Standard time. For Daylight Savings, add one hour.

Glare analyses do not account for physical obstructions between reflectors and receptors. This includes buildings, tree cover and
geographic obstructions.

Several calculations utilize the PV array centroid, rather than the actual glare spot location, due to algorithm limitations. This may affect
results for large PV footprints. Additional analyses of array sub-sections can provide additional information on expected glare.

The subtended source angle (glare spot size) is constrained by the PV array footprint size. Partitioning large arrays into smaller sections
will reduce the maximum potential subtended angle, potentially impacting results if actual glare spots are larger than the sub-array size.
Additional analyses of the combined area of adjacent sub-arrays can provide more information on potential glare hazards. (See previous
point on related limitations.)

Glare locations displayed on receptor plots are approximate. Actual glare-spot locations may differ.

Glare vector plots are simplified representations of analysis data. Actual glare emanations and results may differ.

The glare hazard determination relies on several approximations including observer eye characteristics, angle of view, and typical blink
response time. Actual results and glare occurrence may differ.

Hazard zone boundaries shown in the Glare Hazard plot are an approximation and visual aid based on aggregated research data. Actual
ocular impact outcomes encompass a continuous, not discrete, spectrum.

Refer to the Help page at www.forgesolar.com/help/ for assumptions and limitations not listed here.

2016 © Sims Industries d/b/a ForgeSolar, All Rights Reserved.
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