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1.0 EXECUTIVE SUMMARY 

PDC Energy commissioned Samuel Engineering to develop a lighting mitigation plan for the Windom 

State 5N67W24 1-46 Pad site. The purpose of this report is to demonstrate compliance with the 

State and Local lighting regulations, predict lighting impacts for the different development phases, 

and to detail the various lighting mitigation techniques used to limit the amount of light leaving the 

location. 

Site specific three-dimensional lighting models were developed for each of the phases to determine 

their associated lighting impacts. The lighting fixtures used in the models were selected based on 

currently operated representative sites and research conducted into available vendor lighting 

systems. 

Table 1.0 summarizes the modeled maximum values and shows that all values are within the 

regulatory limits: 

Modeled Lighting Values and Regulatory Limits Summary 

Phase Sub Phase 
Max Modeled 

Value 

Allowance 

Limit 
Regulating Agency 

All All <0.1 lux ≤ 4.0 lux COGCC 

Construction 
Drilling 2.59 lm/ft2 ≤ 12 lm/ft2 Weld County 

Completions 1.91 lm/ft2 ≤ 12 lm/ft2 Weld County 

Production Production 0.38 lm/ft2 ≤ 1.25 lm/ft2 Weld County 

Table 1.0 - Modeled Lighting Values and Regulatory Limits 

2.0 INTRODUCTION AND DEFINITION OF TECHNICAL TERMS 

2.1 INTRODUCTION 

Light mitigation plans seek to quantify and prescribe methods to address the effects of multiple 

forms of light. Effective lighting mitigation plans address light impacts by limiting the impacts on the 

surrounding areas, preserving the overall night-sky aesthetics, and maintaining existing ecosystems, 

all while maintaining a safe work environment. 

There are a number of standards, best practices, and regulations which are used as guidelines when 

developing lighting plans for reducing the effects of artificial lighting. The applicable regulations 

used for this report are COGCC Rule 424 and Weld County Ordinance ORD2021-17. 

2.2 DEFINITION OF TECHNICAL TERMS 

A number of technical terms are used throughout this report and, as an aid to the reader, are 

defined below. 
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Illuminance (lx) 

Illuminance is defined as the amount of light falling on a surface area. It 

is measured in Lux (lx) or foot-candles (fc). One lux is equal to one lumen 

per square meter.  One foot-candle is equal to one lumen per square 

foot, or 10.7639 lux. 

It should be noted that the measured value is dependent on angle, 

sensitivity, and optics. As an example, the photo in Figure 2.2 shows the 

lux levels decreasing on the sidewalk, as the distance from the light 

source increases. 

Table 2.2 provides examples of typical Lux values. 

Luminous Flux (lm) 

Luminous Flux is defined as the amount of light energy produced per unit time and is measured in 

Lumens (lm). It is a physical property of light and, in general terms, is a measurement of the total 

amount of light power emanating from a source. 

It is important to note that the luminous flux value of a given source is independent of where a 

measurement is taken.  For example, a 60-watt incandescent light bulb produces approximately 800 

lumens, regardless of if the measurement is taken at 1 foot, 10 miles, or 10,000 miles away from the 

source. 

Typical Lux Values 

Clear night, no moon: 0.002 lx 

Clear night, full Moon: 0.27 to 1 lx 

Family Living Room 50 lx 

Sunrise/sunset 300-500 lx

Overcast day: 1000 lx 

Daylight: 10,000-25,000 lx 

Direct sunlight: 32,000-130,000 lx 

Figure 2.2–Illuminance (lx) 

level decreasing with distance 

from light source. 

Table 2.2 – Typical Lux Values 
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3.0 MODEL AND ANALYSIS DEVELOPMENT 

Site-specific three-dimensional models were developed for each of 

the major project development phases.  These phases being 

Drilling, Completions, and Production. The following elements were 

incorporated into the models: the local site topographical 

information, major lighting obstructions (sound walls, large 

equipment, etc…), individual luminaire lighting qualities, lighting 

mounting characteristics and surrounding building units. 

Geographical information was obtained using USGS topography 

data to model the surrounding landscape.  

To determine the lighting impacts on local building units, 25-foot 

vertical walls were modeled at the units’ locations, at the USGS 

identified elevations. 

Modeling of site-specific information (including large equipment, 

type of luminaire, and any sound wall locations) is based on 

inspections of operational representative sites, provided vendor 

information, and research into various available lighting systems. The major pieces of equipment 

modeled included: 

o Drilling: Drill rig floor, derrick, substructure, temporary lighting, sound barriers,

backyard, and trailers.

o Completions: Temporary lighting, sound barriers, completion fleet equipment, and

trailers.

o Production: LACT skids, separators, large tanks, and associated equipment.

Once site-specific topographical information and equipment are modeled, lighting characteristics 

are placed within the model.  These characteristics are obtained from the various manufacturers 

and are specific to the make/model of the light to be used.  The following information is included in 

the model: the luminaire type, quantity, mounting height, orientation, and tilt angle. 

Models for each of the phases were developed and the resulting lighting impacts were tabulated.  A 

spreadsheet was used to total the site lumens for each fixture and compare it to the site working 

pad surface or hardscape area.  

During Pre-Production, temporary lighting fixtures were based on currently available rental units 

and on observations from representative sites.  The temporary lighting system that will be used may 

vary based on rental availability, but should be similar to the lumen values used in this analysis. 

Figure 3.0 – Screenshot from a 

representative 3-D model showing a 

false color rendering 
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4.0 COGCC LIGHTING ANALYSIS RESULTS 

4.1 CUMULATIVE LIGHTING IMPACTS 

For modeling purposes, buildings were grouped into clusters and a representative "wall" location 

was selected for analysis.  These analyzed "wall" locations were selected to determine an upper 

cumulative light impact limit for that clustered group, considering the local topography, orientation, 

and distance to the site. 

Table 4.1 shows the modeled lux values at each wall location. 

Calculated Lighting Impact Results Building Units 

Location 

Unit No. 
Drilling Completions Production Regulatory Limit 

1 <0.1 lux <0.1 lux <0.1 lux 4 lux 

2 <0.1 lux <0.1 lux <0.1 lux 4 lux 

3 <0.1 lux <0.1 lux <0.1 lux 4 lux 

Table 4.1 – Calculated Lighting Impact Results - Building Units 
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Figure 4.1 shows the building units that are located within a 1-mile radius of the Windom Pad site. 

Figure 4.1 –Building Units Within a 1-Mile Radius of PDC Windom Site 
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4.2 SITE LIGHTING POSITIONS AND ORIENTATIONS 

The following figures and tables in this section show the lighting location, mounting, height, and 

orientations for the Drilling, Completions, and Production Operations, in accordance with COGCC 

Rule 424(a)(2)(A)(ii).  The following notes apply: 

1) Stated tilt at zero (0) degrees represents a luminaire facing directly downward.

2) Intermittent sources of lights such as glow from on-site combustor and alarm lights are not

included in this analysis.

3) Temporary lighting, where necessary for safety reasons per COGCC 424.a.2.A.iii, have not been

modeled or accounted for in this analysis.

4) The quantity of lights and calculated values shown represents an estimated upper limit to the

actual values that will be present on-site.

5) Refer to Attachment B for further lighting fixture information.

Example 0 degrees Example 90 degrees 
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5.0 WELD COUNTY LIGHTING ANALYSIS RESULTS 

5.1 HARDSCAPE AND LUMEN LEVEL RESULTS 

Lumens per Hardscape calculations were performed based on the number of exterior fixtures, light 

output (lumens), and the working pad surface (hardscape).  These values were then compared to 

the allowed site lumens per square foot to demonstrate compliance.   

Table 5.1 summarizes the lumen values and compares them to typical lighting limits. 

Lumens Per Hardscape Area 

Phase: 
Construction Phase: 

Drilling 

Construction Phase: 

Completions 
Production Phase 

Hardscape Area: 12.0 acres / 522,720 ft2 12.0 acres / 522,720 ft2 6.32 acres / 275,299 ft2 

Total Lumens: 1,352,331 lm 998,154 lm 105,141 lm 

Calculated Lumens/ft2: 2.59 lm/ft2 1.91 lm/ft2 0.38 lm/ft2 

Allowable Limit: ≤ 12 lm/ft2 ≤ 12 lm/ft2 ≤ 1.25 lm/ft2 

Table 5.1 – Lighting Compliance with Weld County Regulations 



PDC Energy – Windom Pad Lighting Mitigation Plan 

Project Number:  21017 Rev. 0, MAR. 31, 2023 PAGE 10 of 14 

21017 PDC Windom Pad Lighting Mitigation Summary Report Rev 0 

6.0 SITE PLANS & FIXTURE SCHEDULES 

6.1 DRILLING PHASE 

Refer to: 

Drawing 21017-EE-373 for Drilling Phase Photometric 

Drawing 21017-EE-376 for Drilling Phase Shaded View 
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6.2 COMPLETIONS PHASE 

Refer to: 

Drawing 21017-EE-374 for Completions Phase Photometric 

Drawing 21017-EE-377 for Completions Phase Shaded View 

6.3 PRODUCTION PHASE 

Refer to: 

Drawing 21017-EE-375 for Production Phase Photometric 

Drawing 21017-EE-378 for Production Phase Shaded View 
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7.0 SITE MITIGATION NOTES AND BEST MANAGEMENT PRACTICES 

Construction Phase: 

• During construction of all phases, PDC Energy will only conduct day light operation and there will be

no nighttime operations that require lighting.

Drilling Phase: 

• PDC Energy will utilize LED fixtures to reduce skyglow.

• PDC Energy will position all lights to point in a downward direction where vertical lighting is not

required. Where it is required, lights are angled in a vertical direction to provide task lighting for

safety and operations involving personnel.

• Derrick mast lighting in Section 6.1 is facing horizontally to provide adequate lighting for safe

operation.

• Lighting is angled to mitigate the amount of light leaving the location boundary, and away from

surrounding off site buildings.

• Lighting within the Drilling area has been reduced to provide a minimum acceptable value for safe

operation.

• Light masts are automatically switched off/on based on lighting sensors.

• Lights are switched off when not required.

• Low power (63 W) LED lights are used for the drill rig.

• A 32 ft. and a 24 ft. high sound barrier will be constructed, which will reduce light escaping from the

site.

• In the event of a lightning complaint, PDC Energy will address the complaint and work with all

parties involved to ensure the complaint is resolved.

Completions and Flowback Phases: 

• PDC Energy will utilize LED fixtures to reduce skyglow.

• PDC Energy will position all lights to point in a downward direction where vertical lighting is not

required. Where it is required, lights are angled in a vertical direction to provide task lighting for

safety and operations involving personnel.

• Lighting is angled to mitigate the amount of light leaving the location boundary, and away from

surrounding off site buildings.

• Lighting within the Completion and Flowback areas have been reduced to provide a minimum

acceptable value for safe operation.

• Light masts are automatically switched off/on based on lighting sensors.

• Lights are switched off when not required.

• Lights are directed to task areas only.

• A 32 ft. and a 24 ft. high sound barrier will be constructed, which will reduce light escaping from the

site.

• In the event of a lightning complaint, PDC Energy will address the complaint and work with all

parties involved to ensure the complaint is resolved.

Production Phase: 

• PDC Energy will utilize LED fixtures to reduce skyglow.

• PDC Energy will position all lights to point in a downward direction, in order to mitigate light leaving

the location boundary.

• Lighting within the Production areas have been reduced to provide a minimum acceptable value for
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safe operation. 

• Luminaire Lights Type “G” and “E” are used exclusively for task lighting when required for

maintenance operations at night for safety reasons.  Otherwise, these lights are to remain off.  The

values for these lights are included in the analysis as an upper limit to the actual values that will be

present on site.

• In the event of a lighting complaint, PDC Energy will address the complaint and work with all parties

involved to ensure the complaint is resolved.

1) Lighting Cut Sheet Notes for Attachment B

1. Type A Fixtures (Pre-Production Phase) are representative of current fixtures used during

drilling operations.

2. Type B fixtures (Pre-Production Phase) are representative of current fixtures used during

drilling operations.

3. Type C Fixtures (Pre-Production Phase) are representative of current fixtures used during

drilling operations.

4. Type D Fixtures (Pre-Production Phase) are portable construction light towers.  See the

fixture cut sheet cover for further notes.

5. Type E Fixtures (Production Phase) are representative of current fixtures used for LACT

skids and mounted near the doors to the skids.

6. Type F Fixtures (Pre-Production Phase) are floodlights placed on the sound wall and are

representative of current fixtures used during drilling operations.

7. Type G Fixtures (Production Phase) are representative of current fixtures used for trailers

and LACT skids.

8. Type H Fixtures (Production Phase)

o Type H Fixtures are an estimation of heat trace end kits. Photometric data from

the manufacturer is not available. These lights are low power LED’s mounted on

the pipe where heat trace is installed. Mounting height and location vary based

on final design and installation.
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8.0 ATTACHMENTS 

Attachment A – 21017 Windom Pad Site Lighting Plans 

Attachment B – 21017 Windom Pad Lighting Fixture Cut Sheets Attachment 

END OF REPORT 
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ATTACHMENT B 

FIXTURE CUT SHEETS TYPES A,B,C,D,E,F,G,H 

LIGHTING MITIGATION PLAN 

FOR 

PDC ENERGY 

WINDOM PAD  

Project Number:  21017



























Pauluhn DFL HID
hazardous area floodlight
The image below was obtained from the manufacturer's IES file of the fixture.  It is included to show
the lumen value of the fixture, which is not included in the manufacturer catalog cutsheet.
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