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5 Light 
5.1 Introduction 

The light impact assessment addressed the environmental light impact due to the 
proposed TOTAL Upgrader Project (the upgrader). The light assessment addressed 
the information requirements of the Terms of Reference (ToR) issued by 
Alberta Environment to TOTAL (AENV 2007), as shown in the EIA ToR 
concordance table (see Section 2). 
The light assessment focused on potential impacts of light on human receptors and 
provides an understanding of the magnitude and spatial variation of potential light 
impacts associated with the upgrader. As light from the upgrader will overlap with other 
nearby facilities, the light assessment considered the cumulative impacts of these sources. 
The approach used to evaluate light impacts is consistent with assessments for EIAs for 
other upgrader developments in the region. 

5.2 Setting 
The upgrader is located about 40 km northeast of Edmonton in Alberta’s Industrial 
Heartland. The closest communities are Fort Saskatchewan, about 4 km to the southwest, 
and Bruderheim, about 10 km to the northeast. 
The upgrader is located along the north side of Highway 15. Dow Chemical Canada, 
Keyera Energy, BP Canada Energy and Sherritt International all have facilities along 
Highway 15 and southwest of the upgrader. The Shell Canada Complex is located 
directly to the north. StatoilHydro (North American Oil Sands Corporation) is proposing 
an upgrader to the northwest. The Canadian National (CN) Scotford railyard lies between 
the project development area (PDA) and Highway 15. These other facilities have visible 
light sources that could contribute to light impacts. 

5.3 Assessment Focus 
The purpose of the light assessment was to evaluate potential effects on nearby 
residences (receptors) of lighting associated with the upgrader. Lighting is used 
extensively by industrial facilities for safety, security and operations. The light that 
escapes the site (known as light trespass) can be an issue with property owners adjacent 
to these facilities. The following issues were the focus of this assessment: 
• Illuminance – the total luminous flux (i.e., the perceived power of light) incident on a 

surface per unit area. Illuminance is measured in lux and can be thought of as the 
amount of incident light available to read the text on a piece of paper at a specific 
location. 

• Luminance – the luminous intensity (i.e., the power of light energy emitted) per unit 
area projected in a given direction. A direct line of sight is required for this issue to 
be of importance. Luminance is measured in candela per square metre (cd/m2). 
Although illuminance levels can be low at a particular location, bright lights in the 
distance can still be objectionable to people looking at the light. Luminance can be 
thought of as the “brightness” of such a light. Although brightness is subjective and 
cannot be measured, luminance is a measurable quantity that closely corresponds to 
brightness, as both parameters depend substantially on the area and angle from which 
the light is emitted. 
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For the key issues for light and their relevance to the upgrader project, see Table 5.3-1.  

Table 5.3-1 Key Issues for Light 
Project Stage Key Issues Terms of Reference Relevance to Project 

Construction Effects of construction lighting Alberta Environment ToR 
Section 5.2.2 

Construction lighting, although 
mainly concentrated close to 
ground level, will be noticeable 
in surrounding areas. 

Operations Effects of operations lighting Alberta Environment ToR 
Section 5.2.2 

Operations lighting will be 
associated with several 
processing units and buildings 
for safety and security. 
Lighting will be associated 
with structures several storeys 
high, and will contribute 
measurable luminance and 
illuminance to surrounding 
areas. 

Effects of operations flaring Alberta Environment ToR 
Section 5.2.2 

Flaring will be occasional 
events that could increase 
luminance and illuminance in 
surrounding areas above 
normal operations levels. 

Decommissioning Effects of decommissioning 
lighting 

Alberta Environment ToR 
Section 5.2.2 

Decommissioning lighting will 
be mainly associated with 
equipment at, or close to, 
ground level. Luminance and 
illuminance in surrounding 
areas should be reduced, 
compared with construction 
levels. 

5.4 Study Area 

5.4.1 Local Study Area 

The local study area (LSA) extends 2 km from the upgrader boundary (see Figure 5.4-1). 
Private residences near the PDA are considered to be receptors potentially affected by the 
light emitted from the upgrader. Because light intensity decreases substantially with 
increasing distance (the intensity of light diminishes inversely with the square of 
distance), receptors farther than 2 km from a light source of similar intensity to the 
upgrader are not considered to be affected. Although lights can be seen at distances of 
more than 2 km, light impacts beyond 2 km are typically comparable to general lighting 
near the receptor (e.g., streetlights). 
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5.4.2 Regional Study Area 
A regional study area (RSA) encompassing lands within a 5-km radius of the PDA was 
selected to assess overlapping effects (i.e., cumulative impacts) from existing and 
proposed light sources on the receptors in the LSA. For example, a receptor at the edge of 
the LSA could be affected by the upgrader and by another light source outside the LSA. 

For a list of the residential receptors and location coordinates, see Table 5.4-1. For 
graphic representation of the RSA and receptor locations, see Figure 5.4-1. Because of 
surrounding industrial facilities to the north, west and southwest, most of the residential 
receptors are located to the south, southeast and east. 

For effects of light on wildlife, see Section 13. 

Table 5.4-1 Residential Light Receptors 

Receptor 
 

NAD 83 UTM Coordinates 
Comments 

 
UTM E  

(m) 
UTM N  

(m) 
3 360792 5957202 Just south of Highway 15, treed lot, possible view of upgrader. 
11 363857 5959150 South of Highway 15, treed lot possible view of upgrader. 
15 363965 5960478 North of Highway 15, treed lot, possible view of upgrader. 
37 359410 5962062 Possible view of upgrader. 
38 360044 5962226 Treed lot, slight berm, possible view of upgrader. 
42 359992 5956511 South of Highway 15 on RR 220, treed lot, no view of upgrader. 
48 360430 5957303 Just south of Highway 15, treed lot, possible view of upgrader. 

50 362907 5958327 South of Highway 15, clear view of upgrader, yard lights at 
Hutterite residences. 

520 364001 5958693 South of Highway 15, treed lot, possible view of upgrader. 

5.5 Methods 

5.5.1 Effects Characterization 
Effects characterization was not done for noise as the consequences of changes in noise 
are most meaningfully characterized by comparison with published values. 

5.5.2 General Approach 
The estimation of illuminance and luminance levels at residential receptors was based on 
a practical approach, using measured levels of light from similar existing facilities. The 
distance from the upgrader to a given receptor was used with measurements taken at the 
same distance from existing facilities to estimate upgrader levels of light at that receptor.  

For further information on analytical approach, see Section 5.8.1 and Section 5.9.1. 

5.5.3 Assessment Criteria 
In Alberta, no regulations exist governing light trespass. Therefore, this assessment relied 
on information researched from other sources, described in the sections following. 
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5.5.3.1 Illuminance Criteria 
Lighting criteria for illuminance are available from the U.S. Green Building Council 
Leadership in Energy and Environmental Design (LEED) Reference Guide Version 2 
(see Table 5.5-1). The Illuminating Engineering Society of North America (IES) 
recommends a minimum lighting level of 5.4 lux for safety (IES 2000). Various other 
standards recommend 5 to 20 lux for pedestrian walkways, and for stairways, typically 
about 50 lux. For the interiors of buildings, recommendations are in the hundreds of lux. 

Table 5.5-1 Illuminance Criteria 
Item 

 
Description 

 
Maximum Illuminance

(lux) 
Intrinsically dark landscape Parks 0.0 
Low ambient brightness Outer urban and rural residential areas 1.1 
Medium ambient brightness Urban residential areas 2.2 
High ambient brightness Urban with residential and commercial areas 6.5 

SOURCE: LEED (2001) 

5.5.3.2 Luminance Criteria 
Although similar regulatory criteria do not exist for luminance, estimated upgrader 
lighting levels can be compared with levels familiar from daily experience (e.g., 
comparing an estimated luminance value to that from a full moon or a street light). For 
sample luminance measurements for typical light sources, see Table 5.5-2. 

Table 5.5-2 Luminance Criteria 
Item 

 
Approximate Luminance  

(cd/m2) 
Sun 900,000,000 
Street light 23,000 
Full moon 400 
Typical industrial facility at 2 km <10 
Car with high beams at 1000 m 60 
Car with high beams at 500 m 400 
Car with high beams at 100 m 2400 

5.6 Baseline Conditions 
Baseline conditions represent current levels of light in the LSA. To assess these 
conditions at the receptors, illuminance and luminance data were measured at a 
representative point near each receptor property. As the TOTAL upgrader does not 
currently exist, baseline measurements were associated with other existing sources. 

Baseline illuminance measurements at the selected residential receptors were all below 
the LEED criteria for rural residential areas (1.1 lux) and also below the lower limit of 
the light meter (0.63 lux). 
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Baseline luminance measurements ranged from 0.8 to 28 cd/m2. Measurements were 
typically below levels associated with an industrial facility at 2 km (10 cd/m2), although 
at Receptor 38, the highest value, 28 cd/m2, was measured. It was associated with a flare 
at an existing industrial facility. The highest measurements were below levels associated 
with car headlights at 1 km (about 60 cd/m2). Luminance measurements are direction 
dependent. 

5.7 Effects Management – Project Design and 
Mitigation Measures 

Occupational health and safety standards require minimum lighting levels for facility 
operation and maintenance. As long as this priority is met, mitigation measures might be 
implemented to reduce illuminance and luminance levels at receptor locations. These 
mitigation measures could include the following: 

• reducing the amount of lighting in facility areas when not required 

• selecting locations for lights so that only required areas are lit 

• using shielded or directional lights, to reduce stray lighting 

• using spotlights on the ground that shine no higher than 45º above vertical and are 
located no farther away than the structure height (LEED 2001) 

• lighting exterior signs from the top 

• using low-reflectance ground cover beneath outdoor lighting 

• installing vegetation or berms to block direct lines of sight 

5.8 Project Residual Effects 

5.8.1 Analysis 
The levels of upgrader illuminance and luminance at the receptors were estimated by 
using a database of lighting levels (light intensity dataset) measured at existing facilities 
similar to the upgrader. 

5.8.1.1 Collecting Data 
Illuminance and luminance data were collected by taking measurements at roughly 
100-m increments along straight lines, starting at an existing facility’s perimeter fence 
and extending outward at right angles. These lines were along publicly accessible roads 
but were selected to represent the lighting levels at points between the upgrader and the 
receptors. The distance outward was dictated by geographical constraints, but was 
deemed sufficient to represent lighting levels.  

Luminance measurements vary with the spot selected for measurement, i.e., a typical 
facility has many spots of light that can be individually selected for measurement. 
Therefore, an attempt was made to always measure the spot that provided the highest 
luminance value. Measurements were taken for several facilities, to provide a range of 
data considered to represent lighting levels from the upgrader. 
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The distance between a receptor and the upgrader’s primary light area was measured. A 
primary light area of a facility contains most of the lights. This typically includes the area 
containing the buildings, rather than the total area within the fenceline. 

5.8.1.2 Using the Data 
A table consisting of illuminance data and straight-line distances from existing facilities 
was used to predict lighting levels at the receptors. The illuminance estimate for a given 
receptor was based on measurements taken at the same distance from existing facilities 
similar to the upgrader. 

Luminance data were used in the same way, except data were plotted on a log–log graph, 
and best-fit lines were superimposed on the highest and lowest measured dataset to 
provide a high-luminance and low-luminance estimate. The luminance estimate for a 
given receptor was based on measurements taken at the same distance from existing 
facilities similar to the upgrader. 

The area surrounding the upgrader is mainly flat terrain interspersed with small hills, 
valleys, artificial berms, trees and shrubs. These features block direct lines of sight from 
some receptors to primary light areas. However, for estimating luminance levels, all 
receptors were assumed to have a direct line of sight. This assumption supports a 
conservative assessment, which avoids underestimating effects. It would allow for 
obstructions changing over time (i.e., obstructions can be removed). For an illustration of 
landscape typical of the area, see Figure 5.8-1. 

 

Figure 5.8-1 Typical Landscape in the Area 
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5.8.2 Illuminance 
Illuminance measurements from existing facilities were used to estimate upgrader 
illuminance levels at the receptors. These measurements form part of the light intensity 
dataset. For relevant measurements from the dataset, see Table 5.8-1. 

Illuminance levels typically decrease to below measurable levels between the facility 
lights and the facility fenceline, and the values in this table typically express the distance 
from the light source where no lighting effects exist. 

Where illuminance was measurable at the fenceline, e.g., at the fractionation facility and 
one case of the upgrader and refinery, values diminished rapidly with distance from the 
fenceline. In all cases, illuminance was reduced to below measurable levels by 400 m to 
500 m from the light source. 

Because the distance from the primary light areas of the proposed upgrader to the 
selected receptors is typically greater than 500 m, illuminance levels at the receptors will 
be below the measurable limits of the light meter (0.63 lux), even after upgrader 
construction. The LEED criteria (1.1 lux) for rural residential areas will also be met. 

Table 5.8-1 Selected Illuminance Measurements for Existing Facilities from 
the Light Intensity Dataset 

Light Source 
 

Approximate Distance from 
Facility Light Source  

(m)1 
Illuminance 

(lux) 
Hydrogen peroxide plant2 75 Eu3 
Fractionation facility2 320 2.3 
Upgrader and refinery2 10 15 
Upgrader and refinery 230 0.7 
Upgrader and refinery 320 Eu3 
Upgrader and refinery2 600 Eu3 
Upgrader and refinery2 500 Eu3 

NOTES: 
1 Distances are based on GPS coordinates. 
2 Measurement taken at facility fenceline. 
3 Eu indicates a reading less than 0.63 lux (lower limit of Sekonic L-558 Cine light meter). 

5.8.3 Luminance 
Luminance measurements from existing facilities were required to estimate upgrader 
luminance levels at the receptors. These measurements form part of the light intensity 
dataset. For relevant plotted measurements (taken along luminance measurement profile 
lines) from the light intensity dataset, see Figure 5.8-2. All measurements are generally 
between the high and low best-fit lines. This provides confidence in using measurements 
from existing facilities to estimate luminance levels from the upgrader. 

To estimate upgrader luminance levels at the receptors, the distance between the upgrader 
and the receptor was plotted (see Figure 5.8-2) and low estimates (from the low best-fit 
line) and high estimates (from the high best-fit line) were taken. 
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Figure 5.8-2 Selected Luminance Measurements for Existing Facilities from 
the Light Intensity Dataset 

 

Assumptions regarding the estimated values included the following: 

• A direct line of sight exists between the upgrader and the receptor. As this does not 
always exist, estimated values are unlikely to underestimate effects. 

• The highest estimated value represents the potentially highest project-related 
luminance value for a given receptor. Actual luminance values might be different 
when viewed from different points on the property, but it is not practical to predict 
luminance values for every location and from every direction on a receptor’s 
property. 

For estimated luminance results, see Table 5.8-2. 
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Table 5.8-2 Estimated Post-Project Luminance Values at Receptors 

Receptor 
 

Approximate Distance to 
Project Primary Light Area 

(m) 

Estimated Luminance for Project 
Low Estimate1  

(cd/m2) 
High Estimate1  

(cd/m2) 
3 1200 8.0 32.0 
11 2400 3.0 12.5 
15 2400 3.0 12.5 
37 1800 4.5 18.0 
38 1800 4.5 18.0 
42 2000 4.0 16.0 
48 1200 8.0 32.0 
50 2000 4.0 16.0 
520 2400 3.0 12.5 

NOTE: 
1 Luminance data were extrapolated from field data based on a direct line of sight to the primary 

lighting area. 

Where trees or other features block the direct line of sight, the luminance values in 
Table 5.8-2 will not be realized. Where receptors shared the same general view from a 
lighting perspective, i.e., they were neighbouring residences with similar vegetation 
features, they were grouped together as follows: 

• Receptor 3 and Receptor 48 are on treed lots south of Highway 15. They will have 
possible views of the upgrader to the north across Highway 15. Estimated luminance 
values for both receptors range from 8 to 32 cd/m2. As these receptors are beside 
Highway 15, luminance levels from passing vehicles will typically exceed those from 
the upgrader (i.e., high beams on a car 500 m away can result in approximate 
luminance values of 400 cd/m2). Trees on the property will partly block views of the 
upgrader to the north. 

• Receptor 11 and Receptor 520 are on treed lots and will have possible views of the 
upgrader. Estimated luminance values range from 3 to 12.5 cd/m2. The highest 
luminance values, however, will typically be associated with the Strathcona 
Heartland Firehall, CN Scotford Railyard and Highway 15, which are closer. 

• Receptor 50 has a clear view of the upgrader across Highway 15, and estimated 
luminance values range from 4 to 16 cd/m2. However, similar to Receptor 11 and 
Receptor 520, the highest luminance values will typically be associated with the 
Strathcona Heartland Firehall, CN Scotford Railyard and Highway 15, which are 
closer. The receptor property also has yard lights. 

• Receptor 15 is on a treed lot north of Highway 15. This receptor will have possible 
views of the upgrader with luminance values ranging from 3 to 12.5 cd/m2. 

• Receptor 37 and Receptor 38 are on treed lots with possible views of the upgrader. 
The view from Receptor 38 is partially blocked by a berm. However, as with 
Receptor 37, luminance values will range from 4.5 to 18 cd/m2. 

• Receptor 42 is on a treed lot south of Highway 15 with a possible view of the 
upgrader. Estimated luminance values range from 4 to 16 cd/m2. 
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5.8.4 Summary of Project Residual Effects 
Illuminance levels decrease rapidly with distance from the light source. As the selected 
receptors are typically beyond 500 m from the upgrader, they will not experience a 
measurable increase in levels of light (i.e., they will remain below 1.1 lux). 

Although the upgrader will increase the number of lights in the area (i.e., more bright 
spots in the distance), luminance levels associated with these lights will typically be 
similar to baseline measurements. Low luminance estimates are less than 10 cd/m2. 

High luminance estimates are typically less than 20 cd/m2, which is a magnitude less than 
measurements from a full moon (400 cd/m2) or the high beams of a car at 1 km 
(60 cd/m2). 

Terrain and vegetation features are expected to block direct views of the upgrader from 
many receptors. 

5.9 Cumulative Effects 

5.9.1 Analysis 
Cumulative effects encompass overlapping industrial lighting effects associated with 
existing light sources, the proposed upgrader and other proposed light sources. Existing 
industrial light sources within the 5-km RSA include the Shell Scotford Complex to the 
north and a Dow Chemical plant to the southwest. Proposed light sources within the 5-km 
RSA include the StatoilHydro upgrader to the northeast. Although Keyera Energy and 
Gulf Chemicals also operate facilities within 5 km of the upgrader, they are not as 
important as Dow Chemical or Shell from a cumulative effects perspective, because of 
their distance from the receptors (see Figure 5.4-1). 

For a receptor to be affected by cumulative light impacts, it must be within about 2 km of 
the upgrader and another light source. All receptors in the LSA would be potentially 
affected by the upgrader, but only a subset would be affected by, for example, both the 
upgrader and the Shell Scotford Complex. For a list of such receptors, along with the 
source causing the potential cumulative impact (i.e., the cumulative source), see 
Table 5.9-1. For the group of receptors with the same source causing the potential 
cumulative impact, a range of levels of light was estimated, based on: 

• distance from the closest receptor in that group to the upgrader 

• distance from the closest receptor in that group to the source causing the potential 
cumulative impact 

Large light sources with boundaries within 2 km of the receptor were considered. 
However, the actual primary light area might be farther away. For example, the boundary 
of the upgrader is within 2 km of Receptor 15, but the associated primary light area is 
2.4 km away. 

Levels of light were estimated using the methodology outlined in Section 5.8. 
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Table 5.9-1 Receptors with Potential Cumulative Effects 

Receptor 
 

Distance to 
Upgrader  

(m) 

Potential Cumulative 
Source 

 

Distance to Potential 
Cumulative Source  

(m) 
48 1200 Dow Chemical 1000 
15 2400 Shell Scotford Complex 1300 
37 1800 Shell Scotford Complex 1700 
38 1800 Shell Scotford Complex 1000 
42 2000 Dow Chemical 1000 

5.9.2 Illuminance 
Illuminance levels diminish with increasing distance from the light source (i.e., 
illuminance for a typical upgrader drops below measurable limits beyond 500 m). As the 
selected receptors are all more than 500 m from the upgrader’s primary light areas, and 
from other light sources causing potential cumulative effects, no measurable increase in 
illuminance from cumulative sources is predicted. 

5.9.3 Luminance 
Cumulative effects for luminance depend on direction. If a direct line of sight to the 
upgrader does not exist at a selected receptor, no cumulative effects will be observed, 
regardless of what light sources exist or are to be constructed. If a direct line of sight to 
the upgrader and any existing or proposed light sources exists, cumulative effects might 
occur. For the receptors with potential cumulative effects (see Table 5.9-1), the 
following observations were made: 

• Of the receptors within 2 km of the upgrader and the Shell Scotford Complex, 
Receptor 37 and Receptor 38 are the same distance from the upgrader. Receptor 38 is 
nearest to Shell. Based on these distances, these receptors would experience high 
luminance values of between 16 and 41 cd/m2. 

• Of the receptors within 2 km of the upgrader and Dow Chemical, Receptor 48 is the 
closest to the upgrader and Receptor 42 is the closest to Dow Chemical. Based on 
these distances, this group of receptors would experience high luminance values of 
between 32 and 41 cd/m2. 

These values assume a direct line of sight, which in many cases does not exist. 

Having both the upgrader and the additional light source in the same view at the same 
time is not possible. Therefore, cumulative luminance impacts will typically not occur. 
However, luminance will be noticeable from more directions at the receptor site. 

5.9.4 Summary of Cumulative Effects 
Cumulative effects from new or existing light sources in addition to the upgrader are not 
expected to occur for illuminance. Receptors are far enough from the upgrader and new 
or existing light sources to avoid an overlapping illuminance impact.  

As both light sources cannot be seen from a given receptor at the same time, cumulative 
impacts for luminance will not occur. However, the number of potential sources of light 
will increase as a result of development of the upgrader and other facilities. 
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5.10 Prediction Confidence 
The light assessment approach is considered practical, and involves measuring levels of 
light from facilities similar to the upgrader, and estimating levels of light based on these 
measurements. Uncertainty with this approach can be attributed to four sources: 

• Measurement – levels of light depend on many factors, including: 

• distance and direction from the light source 
• atmospheric conditions (e.g., clouds and the presence of the moon) 
• ground cover (e.g., snow) 
• actual source measured (for luminance) 

Although measurements under a specific set of conditions should only be used to provide 
estimates of levels of light under similar conditions, collecting such a wide range of data 
is not practical. Consequently, measurements under specific sets of conditions are used to 
represent all conditions. This uncertainty is reduced as the number of measurements in 
the database grows. 

• Scaling – as no two facilities are identical, measurements taken from one can be used 
to predict levels of light at a different facility with only a reasonable degree of 
accuracy. This uncertainty is reduced by measuring a range of facilities and providing 
low and high estimates. 

• Flaring – upgraders and refineries typically have flares, but flaring is usually 
intermittent. The size of each flare and the corresponding levels of light are specific 
to the flare and flaring event. Because flares are not continuous, and it is not possible 
to capture levels of light for every size of flare and flaring event, they were not 
measured for this assessment. For details on flaring, see Volume 1, Section 3. 

• Instrumentation – although potential error is associated with every measuring 
instrument, these errors are insignificant compared with those mentioned previously. 

The confidence level for illuminance is moderate to high. The sources of uncertainty can 
play a substantial role in measuring and estimating illuminance levels. Despite these 
uncertainties, the approach used in this assessment is considered practical. The estimated 
range of values provides a realistic indication of expected illuminance levels. 

The confidence level for luminance estimates is high. This is because of the dramatic 
decrease in luminance levels with distance from the source. Beyond a certain distance, 
luminance levels decrease to background levels, and at the typical distances between 
receptors and facilities (about 2 km), sources of uncertainty are not substantial. 

5.11 Climate Change Effects 
Effects of lighting will not be affected by climate change effects. 

5.12 Management and Monitoring 
No management or monitoring related to light sources is being proposed. 
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5.13 Summary 
The upgrader will introduce additional lighting to the area. Illuminance and luminance 
were assessed for residential receptors located within about 2 km of the upgrader 
boundaries. A practical approach was used for estimating levels of light from the 
upgrader, based on measured levels of light from similar existing facilities. The upgrader 
will not have substantial effects on existing lighting levels, as follows: 

• Current illuminance levels at the selected receptors are below LEED criteria for rural 
residential areas and the measurable limit of the light meter. Illuminance levels 
decrease rapidly with distance from the light source and, as the selected receptors 
would be more than 500 m from the upgrader, they would not have a measurable 
increase in illuminance levels. 

• The upgrader will increase the number of lights in the area (i.e., more bright spots in 
the distance) but luminance levels associated with these lights will not be 
substantially different from baseline levels. Low luminance estimates are similar to 
baseline measurements. High luminance estimates are a magnitude less than 
measurements from a full moon, and are less than the high beams of a car at 1 km. 
Terrain and vegetation features are also expected to block direct views of the 
upgrader from many receptors. Receptors south of Highway 15 will experience their 
highest luminance values from the highway rather than the upgrader. 

• Cumulative effects are expected to be minimal. Receptors will be far enough from 
the upgrader and new or existing light sources, that overlapping illuminance effects 
will not occur. Seeing both the upgrader and new or existing facilities at the same 
time will not be possible, so cumulative luminance effects will not occur. However, 
the number of potential sources of light will increase, as a result of development of 
the upgrader and other facilities. 
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