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1 Certification Statements 

1.1 Engineer Certification Statement 

 

I hereby affirm that this report and plan for the Phase III drainage design of the Watkins Junction Site was prepared 
by me, or under my direct supervision, for the owners thereof, in accordance with the provisions of Arapahoe County 
Stormwater Management Manual and the Urban Drainage and Flood Control District Criteria Manual, and approved 
variances and exceptions thereto. I understand that Arapahoe County does not and will not assume liability for 
drainage facilities designed by others. 

 

SIGNATURE: ________________________________ 

Registered Professional Engineer State of Colorado No. ______________________ 

 

 

[place seal here] 

 

 

 

1.2 Developer Certification Statement 

 

Magellan Pipeline Company, L.P. hereby certifies that the drainage facilities for the Watkins Junction Site shall be 
constructed according to the design presented in this report. I understand that Arapahoe County does not and will 
not assume liability for the drainage facilities designed and/or certified by my engineer and that Arapahoe County 
reviews drainage plans pursuant to Colorado Revised Statues Title 30, Article 28; but cannot, on behalf of the Wakins 
Junction Site, guarantee that final drainage design review will absolve Magellan Pipeline Company, L.P. and/or their 
successors and/or assigns of future liability for improper design. I further understand that approval of the Final Plat, 
Final Development Plan, and/or Subdivision Development Plan does not imply approval of my engineer’s drainage 
design. 

Name of Developer: ________________________________ 

Authorized Signature:  _______________________________ 
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2 Project Overview  

This report has been prepared for Magellan Pipeline Company, L.P to complement the drainage plans generated for 
the proposed Watkins Junction Site which is part of the Denver Expansion Project. The Watkins Junction site is a new 
development that will consist of a 22,500-SF gravel area and restoration of the existing gravel access drive. Within 
the 22,500-SF gravel area, one pipeline will be routed above ground to a gravel junction site enclosed by chain link 
fence to facilitate connections between the proposed inflow and outflow piping and allow for pig traps and valves to 
be installed. A stormwater conveyance system including a perimeter swale and circular culvert are proposed on the 
Watkins Junction site to maintain a connection to the existing surrounding natural system and are sized according to 
Arapahoe County standards. 

 

3 General Location and Description 

3.1 Site Location 

The Watkins Junction site is located at Arapahoe County Parcel No. 1979-00-0-00-596, Section 29, Township 5 South, 
Range 68 West of the 6th Principal Meridian, coordinates 39°42'35.9"N 104°31'43.1"W as shown in the Vicinity Map 
(Appendix B). The existing site conditions include largely undeveloped agricultural land (zone A-1) with surrounding 
properties to the north, west, and south consisting of largely the same undeveloped agricultural land (zone A-1) while 
the east is bounded by South Manila Road. Note that at the time of this report, Magellan Pipeline Company, L.P. is 
in the process of acquiring Arapahoe County Parcel No. 1979-00-0-00-596 and 1979-00-0-00-595; therefore, both 
parcels are considered as part of the subject property and report as under the same ownership. The subject property 
will remain zone A-1. No protected habitats or endangered species are understood to be located within the Watkins 
Junction site. 

 

3.2 Description of Property 

The Watkins Junction site is located on mostly undeveloped agricultural land with limits of proposed work consisting 
of 2.85-AC. The proposed work area comprises open space with undisturbed native grasses, featuring a total 
imperviousness of 5%, and sections of gravel, which have a total imperviousness of 60%. An existing gravel access 
drive connects the proposed junction site to South Manila Road. The existing gravel access drive continues north to 
an existing deteriorated site approximately 300’ north of the proposed junction site, outside of the limits of work, 
that will remain unchanged. Existing grade on the southern parcel of the 473-AC subject property primarily slopes to 
the west where a large natural depression exists roughly 500-FT west of the proposed Watkins Junction site. The 
existing site access driveway entrance at South Manila Road crosses an apparent drainage ditch with a relative high 
point at the existing driveway. No culvert exists at the existing site access driveway entrance. There appears to be an 
existing sub-catchment ridge line at the existing site access drive approximately 500-FT west of the site entrance at 
South Manila Road. The apparent 2-AC sub-catchment east of the ridge line appears to flow to an existing swale 
along South Manila Road while sub-catchments west of the ridge line appear to flow west to an existing natural 
depression contained within the site. It appears that no existing waterways or conveyance swales are located to 
outlet runoff from the existing depressional areas onsite. The site is outside of the Cherry Creek Basin. See Appendix 
I for existing drainage plan. 
 
The USDA Natural Resources Conservation Service Soil Survey website lists the soils onsite as primarily Nunn-Bresser-
Ascalon complex with hydrologic soil type B (Appendix D). No apparent waterways exist within or directly adjacent 
to a majority of the Watkins Junction site.  
 
The proposed site will consist of a new 22,500-SF (approx. 0.52-AC) gravel area and a 42,250-SF (approx. 0.97-AC) 
gravel site access drive to upgrade the portion of the existing site access drive located between the proposed junction 
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site and the site entrance at South Manila Road. An additional 59,500-SF (approx. 1.36-AC) greenspace area will be 
proposed adjacent to the site access drive and junction site for a proposed swale.  A breakdown of the existing and 
proposed pervious/impervious area is summarized in the table below. The total development area considered is 
2.85-AC and the total increase in impervious area from existing to proposed is 0.94-AC. 
 

Table 1: Existing and Proposed Project Area Summary 

Land-Use Existing Site Area (ac) Proposed Site Area (ac) 

Pervious 2.30 1.36 

Site Impervious 0.55 1.49 

Total: 2.85 2.85 

 

3.3 Groundwater Investigation 

No groundwater investigation was performed at this site. 

 

4 Floodplain 

The Watkins Junction site is found to be included in Zone X per the FEMA FIRMette obtained online (included in this 
report as Appendix C). The contributing upstream area that passes through the site is less than 100-AC, therefore 
there is no local floodplain delineation for this location. 

 

5 Drainage Basins and Sub-Basins 

5.1 Major Drainage Basins 

The site is in the West Sand Creek drainage basin. The site is located along a small tributary in West Sand Creek basin, 
one mile from the upstream end of the basin. The basin extends 30 miles north to the confluence with West Sand 
Creek, which then flows 10 miles northeast to Sand Creek and 40 miles northeast into the South Platte River. 

At the time of writing this report, no known drainageway master plans or studies exist within or adjacent to the site. 
No apparent notable impacts of the proposed development to major basin flow patterns and paths within or adjacent 
to the site under fully developed conditions. 

 

5.2 Minor Drainage Basins 

The existing project site consists of two minor onsite drainage basins- EX-1 and EX-2. Drainage basin EX-1 includes 
2.03-AC of open space/undisturbed native grasses (5% imperviousness) and 0.39-AC of gravel (60% imperviousness), 
is located at the west end of the Watkins Junction site, and mostly drains west to the existing depressional area 
located west of the Watkins Junction site. Drainage basin EX-1 consists of undeveloped agricultural land and a portion 
of the existing site access drive. Drainage basin EX-2 includes 0.27-AC of open space/undisturbed native grasses and 
0.16-AC of gravel, is located at the east end of the Watkins Junction site, and mostly drains east to the existing 
roadway swale along South Manila Road. Drainage basin EX-2 consists of mainly the eastern portion of the existing 
site access drive with a small portion of undeveloped agricultural land. A ridge line exists on the site access drive that 
delineates flow between drainage basins EX-1 and EX-2 and an existing berm adjacent to the site access drive 
prevents runoff from entering the site from the south. The Watkins Junction site receives runoff from two off-site 
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drainage basins- OS-1 and OS-2, located south and east of the proposed junction site which consist of 3.14-AC and 
0.90-AC of open space/undisturbed native grasses, respectively. 

The proposed Watkins Junction site consists of three minor onsite sub-drainage basins- DA-1, DA-2, and DA-3. See 
Table 2 for a summary of sub-basin characteristics. A perimeter conveyance system including a swale and a 24-IN 
culvert are proposed. The swale runs along the north side of the proposed site access drive and the south and east 
edges of the proposed gravel pad, while the culvert passes beneath the proposed access drive near the proposed 
junction site entrance. The conveyance system maintains a connection to the existing surrounding natural system 
and is sized according to Arapahoe County standards. Proposed drainage patterns are outlined in Appendix A and 
Appendix I and a summary of sub-basin areas is provided in Table 2. 

Proposed sub-basin DA-1 primarily consists of the east end of the proposed site access drive with 0.21-AC of grass 
swale cover (20% imperviousness) and 0.22-AC of gravel. Flow from the gravel access drive in DA-1 is directed 
north into the proposed site swale where it then flows east to the existing roadway swale along South Manila Road. 
Existing swale capacity calculations are located in Appendix H and were generated from LiDAR data sourced from 
OpenTopography publish on 12/22/2021. This drainage area receives no flow from off-site areas. 

Proposed sub-basin DA-2 primarily consists of the west end of the proposed site access drive with 0.47-AC of grass 
swale cover and 0.75-AC of gravel. Flow from the gravel access drive in DA-2 is directed north into the proposed site 
swale, then conveyed west to a proposed 24-IN culvert before ultimately discharging offsite to an existing 
depressional area approximately 500-FT west of the Watkins Junction site. Sub-basin DA-1 receives runoff from OS-
1 (3.14-AC of open space/undisturbed native grasses as sheet flow) to the northwest. See Appendix H for swale and 
culvert sizing calculations. 

Proposed sub-basin DA-3 is located at the west end of the proposed site and consists of primarily a gravel access pad 
contained within a proposed site fence with 0.52-AC of gravel and 0.68-AC of grass swale cover. Flow from DA-3 
follows the natural existing drainage pattern southwest via sheet flow where it is then intercepted by a proposed 
site swale. A small portion (approximately 0.1-AC) at the northwest corner of the proposed DA-3 sheet flows directly 
off site. Sub-basin DA-3 receives runoff from OS-2 (0.90-AC of open space/undisturbed native grasses as sheet flow) 
to the south where the proposed site swale directs flow to the west before ultimately discharging to an existing 
depressional area approximately 500-FT west of the Watkins Junction site. It is assumed that minimal infiltration 
occurs on site, and that runoff is conveyed via swales, with flow regulated by outlets that discharge in accordance 
with the site's existing natural drainage patterns. 

At the time of writing this report, no known drainageway master plans or studies exist within or adjacent to the site. 
There are no apparent impacts of the proposed development to minor basin flow patterns and paths within or 
adjacent to the site under fully developed conditions. No drainage studies exist for developments adjacent to the 
Watkins Junction site and no irrigation facilities are expected to influence or be impacted by the proposed 
development. 

 

Table 2: Existing and Proposed Sub-Basin Area Summary 

Basin ID Design 
Point 

Area (AC) 

EX-1 EX-1 2.42 

EX-2 EX-2 0.43 

DA-1 1 0.43 

DA-2 2 1.22 

DA-3 4 1.20 
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OS-1 3 3.14 

OS-2 5 0.90 

 

 

Figure 1: Basin Map 

 

6 Existing Stormwater Conveyance, Storage, and/or Water Quality Facilities 

6.1 Existing Stormwater Storage and/or Water Quality Facilities 

At the time of writing this report, no existing stormwater storage or water quality facilities exist within or adjacent 
to the Watkins Junction site. Existing grade on the southern portion of the 473-AC subject property primarily slopes 
to the west where a large natural depression exists roughly 500-FT west of the proposed Watkins Junction site. A 
majority of the site flows to this natural depression while a small portion (approximately 2-AC) appears to sheet flow 
east to an existing swale along South Manila Road.  

 

6.2 Existing Stormwater Conveyance Facilities 

The only existing stormwater conveyance facility within or adjacent to the site appears to be the offsite swale along 
South Manila Road. 

 

7 Drainage Design Criteria 

The criteria outlined in the Arapahoe County Stormwater Management Manual (ACSWMM) and the Mile High Flood 
District (MHFD) Urban Storm Drainage Criteria Manual are used as a basis for drainage design in this report. 

Per email from Arapahoe County dated December 19, 2024, detention requirements outlined in the Arapahoe County 
Stormwater Management Manual Section 13.1.1 have been waived for this site and detention calculations are not 
included in the analyses. 
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7.1 Hydrologic Design Criteria 

Per chapter 6 of the ACSWMM, the rational method is used to estimate peak flow rates of the existing and proposed 
site using the corresponding design rainfall events outlined in ACSWMM. The 10-year and 100-year, 1-hour rainfall 
events are evaluated for the minor and major rainfall events, respectively. Due to the site being outside of MS4 
permit jurisdictions and as confirmed in meeting with Arapahoe County on November 25, 2024, water quality design 
is not required. The 2-year water quality rainfall event is not analyzed. Design rainfall depths for major and minor 
storms are sourced from the ACSWMM and are 1.65-IN and 2.67-IN, respectively, as shown in Appendix E. Per the 
MHFD Urban Storm Drainage Criteria Manual, rational “C” values for the minor and major rainfall events are 
calculated using the equations outline in table 6-5 (See Appendix F) and a minimum time of concentration (tc) of 10 
minutes for non-urban areas is used. Rainfall intensities for the 10-year and 100-year, 1-hour rainfall events are 
determined using Intensity-duration curves outlined in Chapter 6 of the ACSWMM as shown in Appendix E and are 
found to be 4.46-IN/HR and 7.28-IN/HR, respectively. See Table 3 below for sub-basin characteristics and peak flow 
rates. 

 

Table 3: Existing and Proposed Summary Runoff Table 

Basin ID Design 
Point 

Area C2 C5 C10 C100 Q2 
(CFS) 

Q5 
(CFS) 

Q10 
(CFS) 

Q100 
(CFS) 

% 
Impervious 

EX-1 EX-1 2.42 0.08 0.10 0.17 0.49 0.53 0.90 1.82 8.64 0.14 

EX-2 EX-2 0.43 0.17 0.19 0.26 0.54 0.19 0.31 0.50 1.70 0.25 

DA-1 1 0.43 0.29 0.32 0.38 0.61 0.33 0.51 0.74 1.92 0.40 

DA-2 2 1.22 0.32 0.36 0.42 0.63 1.04 1.62 2.27 5.63 0.45 

DA-3 4 1.20 0.26 0.29 0.36 0.60 0.83 1.31 1.92 5.24 0.37 

OS-1 3 3.14 0.03 0.03 0.10 0.45 0.21 0.38 1.36 10.27 0.05 

OS-2 5 0.90 0.03 0.03 0.10 0.45 0.06 0.11 0.39 2.94 0.05 

 

7.2 Hydraulic Design Criteria 

Proposed site hydraulics are calculated via the open-channel design methodology outlined in MHFD Urban Storm 
Drainage Criteria Manual, Chapter 8 and the culvert design methodology outlined in MHFD Urban Storm Drainage 
Criteria Manual, Chapter 11. All proposed conveyance features are designed for the 100-year, 1-hour rainfall event. 
One-dimensional, steady uniform flow and negligible head loss is assumed in this analysis. 

Manning’s equation is used to calculate flow capacities of the proposed swale at corresponding design points. A 
Manning’s roughness value (n) of 0.03, minimum side slopes of 5:1 (H:V), and a minimum bottom width of 2-FT are 
used. The channel bottom slope (S) of 2% is found by taking the average slope of 100' discrete intervals along the 
length of the proposed swale section. See Appendix H for swale design calculations.  

Culvert capacities and design are calculated using UD-Culvert- a companion workbook supplied by MHFD that aids in 
analyzing the flow conditions in circular culverts. See Appendix H for culvert calculations. 

 

7.3 Water Quality Control Measure Design Criteria 

Due to the site being outside of MS4 permit jurisdictions, formal design for water quality is not required and is not 
conducted in this report. 
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8 Proposed Stormwater Conveyance or Storage Facilities 

8.1 Proposed Stormwater Storage Facilities 

Per TRC waiver request response letter (Appendix J) from Arapahoe County dated December 19, 2024, detention 
requirements outlined in the Arapahoe County Stormwater Management Manual Section 13.1.1 have been waived 
for this site and detention is not proposed. 

 

8.2 Proposed Stormwater Conveyance Facilities 

A perimeter conveyance system including a swale and a 24-IN culvert are proposed. The swale routes along the north 
side of the proposed site access drive and the south and east ends of the gravel pad and is designed to convey the 
runoff produced on the site by the 100-year, 1-hour rainfall event. The flow rate capacity of the proposed swale with 
a bottom slope of 2% is 33.95-CFS which is sufficient to convey the maximum resulting flow rate of 26.00-CFS from 
the proposed site. A 24-IN culvert with a cover of 1-FT is proposed at the site access drive near the proposed junction 
site and is designed to convey the runoff produced on DA-2 and OS-1 from the 100-year, 1-hour rainfall event. To 
facilitate proper culvert construction, an approximately 10’ section of the swale upstream of the culvert is proposed 
to have a 10% slope. See Appendix H for proposed swale and culvert calculations. One-dimensional, steady uniform 
flow and negligible head loss is assumed in the design of all proposed conveyance features. 

A rip rap outlet section is proposed at the outlets of the proposed conveyance system. Given the size of the 
development and the absence of nearby drainage facilities, no offsite conveyance facilities are proposed and no 
additional energy dissipation features are proposed at the outlets. The proposed conveyance system maintains a 
free-flowing connection to the natural surrounding system.  

 

9 Water Quality Control Measure  

The site is located outside of MS4 permit jurisdictions and detention requirements have been waived; therefore, no 
non-structural or structural water quality best management practices (BMPs) are proposed. 

 

10 Additional Permitting Requirements 

A Colorado State Stormwater Discharge Permit is required. 

 

11 References 

1. Arapahoe County Stormwater Management Manual, online. 

2. MHFD Urban Storm Drainage Criteria Manual, prepared by Wright-McLaughlin Engineers, March 1969, 
Revised 2016. 

3. FEMA Flood Insurance Rate Map Study, Arapahoe County, Colorado FIRM panel 08005C0233L. 

4. USDA NRCS Web Soil Survey, online. 
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12 Conclusion 

In summary, the Magellan Pipeline Watkins Junction Site is proposed to meet the drainage standards put forth by 
Arapahoe County and MHFD. Per TRC waiver request response letter (Appendix J) from Arapahoe County dated 
December 19, 2024, detention requirements outlined in the Arapahoe County Stormwater Management Manual 
Section 13.1.1 have been waived for this site and detention is not proposed. Additionally, the site is located outside 
of MS4 permit jurisdictions and detention requirements have been waived; therefore, no water quality best 
management practices (BMPs) are proposed. A perimeter swale and culvert are proposed to convey runoff generated 
by the proposed site and is designed per MHFD Urban Storm Drainage Criteria Manual. 
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Site Vicinity Map
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Preface
Soil surveys contain information that affects land use planning in survey areas. 
They highlight soil limitations that affect various land uses and provide information 
about the properties of the soils in the survey areas. Soil surveys are designed for 
many different users, including farmers, ranchers, foresters, agronomists, urban 
planners, community officials, engineers, developers, builders, and home buyers. 
Also, conservationists, teachers, students, and specialists in recreation, waste 
disposal, and pollution control can use the surveys to help them understand, 
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil 
properties that are used in making various land use or land treatment decisions. 
The information is intended to help the land users identify and reduce the effects of 
soil limitations on various land uses. The landowner or user is responsible for 
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some 
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering 
applications. For more detailed information, contact your local USDA Service Center 
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil 
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as 
septic tank absorption fields. A high water table makes a soil poorly suited to 
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States 
Department of Agriculture and other Federal agencies, State agencies including the 
Agricultural Experiment Stations, and local agencies. The Natural Resources 
Conservation Service (NRCS) has leadership for the Federal part of the National 
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available 
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 
sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not 
all prohibited bases apply to all programs.) Persons with disabilities who require 
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alternative means for communication of program information (Braille, large print, 
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous 
areas in a specific area. They include a description of the soils and miscellaneous 
areas and their location on the landscape and tables that show soil properties and 
limitations affecting various uses. Soil scientists observed the steepness, length, 
and shape of the slopes; the general pattern of drainage; the kinds of crops and 
native plants; and the kinds of bedrock. They observed and described many soil 
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The 
profile extends from the surface down into the unconsolidated material in which the 
soil formed or from the surface down to bedrock. The unconsolidated material is 
devoid of roots and other living organisms and has not been changed by other 
biological activity.

Currently, soils are mapped according to the boundaries of major land resource 
areas (MLRAs). MLRAs are geographically associated land resource units that 
share common characteristics related to physiography, geology, climate, water 
resources, soils, biological resources, and land uses (USDA, 2006). Soil survey 
areas typically consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that 
is related to the geology, landforms, relief, climate, and natural vegetation of the 
area. Each kind of soil and miscellaneous area is associated with a particular kind 
of landform or with a segment of the landform. By observing the soils and 
miscellaneous areas in the survey area and relating their position to specific 
segments of the landform, a soil scientist develops a concept, or model, of how they 
were formed. Thus, during mapping, this model enables the soil scientist to predict 
with a considerable degree of accuracy the kind of soil or miscellaneous area at a 
specific location on the landscape.

Commonly, individual soils on the landscape merge into one another as their 
characteristics gradually change. To construct an accurate soil map, however, soil 
scientists must determine the boundaries between the soils. They can observe only 
a limited number of soil profiles. Nevertheless, these observations, supplemented 
by an understanding of the soil-vegetation-landscape relationship, are sufficient to 
verify predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They 
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock 
fragments, distribution of plant roots, reaction, and other features that enable them 
to identify soils. After describing the soils in the survey area and determining their 
properties, the soil scientists assigned the soils to taxonomic classes (units). 
Taxonomic classes are concepts. Each taxonomic class has a set of soil 
characteristics with precisely defined limits. The classes are used as a basis for 
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic 
classification used in the United States, is based mainly on the kind and character 
of soil properties and the arrangement of horizons within the profile. After the soil 
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scientists classified and named the soils in the survey area, they compared the 
individual soils with similar soils in the same taxonomic class in other areas so that 
they could confirm data and assemble additional data based on experience and 
research.

The objective of soil mapping is not to delineate pure map unit components; the 
objective is to separate the landscape into landforms or landform segments that 
have similar use and management requirements. Each map unit is defined by a 
unique combination of soil components and/or miscellaneous areas in predictable 
proportions. Some components may be highly contrasting to the other components 
of the map unit. The presence of minor components in a map unit in no way 
diminishes the usefulness or accuracy of the data. The delineation of such 
landforms and landform segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, onsite 
investigation is needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map. 
The frequency of observation is dependent upon several factors, including scale of 
mapping, intensity of mapping, design of map units, complexity of the landscape, 
and experience of the soil scientist. Observations are made to test and refine the 
soil-landscape model and predictions and to verify the classification of the soils at 
specific locations. Once the soil-landscape model is refined, a significantly smaller 
number of measurements of individual soil properties are made and recorded. 
These measurements may include field measurements, such as those for color, 
depth to bedrock, and texture, and laboratory measurements, such as those for 
content of sand, silt, clay, salt, and other components. Properties of each soil 
typically vary from one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of 
characteristics for the components. The aggregated values are presented. Direct 
measurements do not exist for every property presented for every map unit 
component. Values for some properties are estimated from combinations of other 
properties.

While a soil survey is in progress, samples of some of the soils in the area generally 
are collected for laboratory analyses and for engineering tests. Soil scientists 
interpret the data from these analyses and tests as well as the field-observed 
characteristics and the soil properties to determine the expected behavior of the 
soils under different uses. Interpretations for all of the soils are field tested through 
observation of the soils in different uses and under different levels of management. 
Some interpretations are modified to fit local conditions, and some new 
interpretations are developed to meet local needs. Data are assembled from other 
sources, such as research information, production records, and field experience of 
specialists. For example, data on crop yields under defined levels of management 
are assembled from farm records and from field or plot experiments on the same 
kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on 
such variables as climate and biological activity. Soil conditions are predictable over 
long periods of time, but they are not predictable from year to year. For example, 
soil scientists can predict with a fairly high degree of accuracy that a given soil will 
have a high water table within certain depths in most years, but they cannot predict 
that a high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the 
survey area, they drew the boundaries of these bodies on aerial photographs and 

Custom Soil Resource Report
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identified each as a specific map unit. Aerial photographs show trees, buildings, 
fields, roads, and rivers, all of which help in locating boundaries accurately.

Custom Soil Resource Report
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of 
soil map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:20,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Arapahoe County, Colorado
Survey Area Data: Version 20, Aug 29, 2024

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Jun 9, 2021—Jun 12, 
2021

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

BvC Bresser-Truckton sandy loams, 
3 to 5 percent slopes

80.9 46.9%

NrB Nunn-Bresser-Ascalon 
complex, 0 to 3 percent 
slopes

84.1 48.7%

TrC Truckton loamy sand, 3 to 5 
percent slopes

5.6 3.2%

TrD Truckton loamy sand, 5 to 9 
percent slopes

2.1 1.2%

Totals for Area of Interest 172.7 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 
descriptions along with some characteristics of each. A few areas of minor 
components may not have been observed, and consequently they are not 
mentioned in the descriptions, especially where the pattern was so complex that it 
was impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape.

Custom Soil Resource Report
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The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
landform segments that have similar use and management requirements. The 
delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, however, 
onsite investigation is needed to define and locate the soils and miscellaneous 
areas.

An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major 
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, 
salinity, degree of erosion, and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil phases. Most of the areas 
shown on the detailed soil maps are phases of soil series. The name of a soil phase 
commonly indicates a feature that affects use or management. For example, Alpha 
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. 
The pattern and proportion of the soils or miscellaneous areas are somewhat similar 
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present 
or anticipated uses of the map units in the survey area, it was not considered 
practical or necessary to map the soils or miscellaneous areas separately. The 
pattern and relative proportion of the soils or miscellaneous areas are somewhat 
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion 
of the soils or miscellaneous areas in a mapped area are not uniform. An area can 
be made up of only one of the major soils or miscellaneous areas, or it can be made 
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report
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Arapahoe County, Colorado

BvC—Bresser-Truckton sandy loams, 3 to 5 percent slopes

Map Unit Setting
National map unit symbol: 34y5
Elevation: 4,500 to 6,800 feet
Mean annual precipitation: 12 to 18 inches
Mean annual air temperature: 46 to 52 degrees F
Frost-free period: 125 to 180 days
Farmland classification: Prime farmland if irrigated and the product of I (soil 

erodibility) x C (climate factor) does not exceed 60

Map Unit Composition
Bresser and similar soils: 55 percent
Truckton and similar soils: 30 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Bresser

Setting
Landform: Stream terraces, drainageways, playas
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Noncalcareous sandy alluvium and/or noncalcareous sandy 

eolian deposits

Typical profile
H1 - 0 to 6 inches: sandy loam
H2 - 6 to 26 inches: sandy clay loam
H3 - 26 to 32 inches: gravelly sandy loam
H4 - 32 to 60 inches: gravelly loamy coarse sand

Properties and qualities
Slope: 3 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.57 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 10 percent
Available water supply, 0 to 60 inches: Moderate (about 6.7 inches)

Interpretive groups
Land capability classification (irrigated): 3e
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B
Ecological site: R049XB210CO - Sandy Foothill
Hydric soil rating: No

Custom Soil Resource Report
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Description of Truckton

Setting
Landform: Ridges
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Eolian deposits

Typical profile
H1 - 0 to 5 inches: sandy loam
H2 - 5 to 20 inches: sandy loam
H3 - 20 to 60 inches: sandy loam

Properties and qualities
Slope: 3 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): High (1.98 to 6.00 

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 6.0 inches)

Interpretive groups
Land capability classification (irrigated): 3e
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: A
Ecological site: R049XB210CO - Sandy Foothill
Hydric soil rating: No

Minor Components

Nunn
Percent of map unit: 8 percent
Hydric soil rating: No

Ascalon
Percent of map unit: 7 percent
Hydric soil rating: No

NrB—Nunn-Bresser-Ascalon complex, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: 34yw
Elevation: 4,500 to 6,800 feet
Mean annual precipitation: 12 to 18 inches
Mean annual air temperature: 46 to 57 degrees F
Frost-free period: 115 to 180 days

Custom Soil Resource Report
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Farmland classification: Prime farmland if irrigated

Map Unit Composition
Nunn and similar soils: 40 percent
Bresser and similar soils: 25 percent
Ascalon and similar soils: 20 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Nunn

Setting
Landform: Stream terraces, streams, playas
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Eolian deposits

Typical profile
H1 - 0 to 8 inches: loam
H2 - 8 to 28 inches: clay
H3 - 28 to 60 inches: sandy clay loam

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 15 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 8.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3c
Hydrologic Soil Group: C
Ecological site: R049XB202CO - Loamy Foothill
Hydric soil rating: No

Description of Bresser

Setting
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Noncalcareous sandy alluvium and/or noncalcareous sandy 

eolian deposits

Typical profile
H1 - 0 to 6 inches: sandy loam
H2 - 6 to 26 inches: sandy clay loam
H3 - 26 to 60 inches: gravelly loamy coarse sand

Custom Soil Resource Report
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Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.57 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 10 percent
Available water supply, 0 to 60 inches: Moderate (about 6.4 inches)

Interpretive groups
Land capability classification (irrigated): 2e
Land capability classification (nonirrigated): 4c
Hydrologic Soil Group: B
Ecological site: R049XB202CO - Loamy Foothill
Hydric soil rating: No

Description of Ascalon

Setting
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Reworked by wind outwash

Typical profile
H1 - 0 to 6 inches: sandy loam
H2 - 6 to 17 inches: sandy clay loam
H3 - 17 to 60 inches: fine sandy loam

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.60 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 10 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 6.7 inches)

Interpretive groups
Land capability classification (irrigated): 2e
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Ecological site: R049XB202CO - Loamy Foothill
Hydric soil rating: No

Minor Components

Olney
Percent of map unit: 10 percent

Custom Soil Resource Report
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Hydric soil rating: No

Aquic ustochrepts
Percent of map unit: 5 percent
Landform: Swales
Hydric soil rating: Yes

TrC—Truckton loamy sand, 3 to 5 percent slopes

Map Unit Setting
National map unit symbol: 31gjy
Elevation: 4,200 to 5,600 feet
Mean annual precipitation: 12 to 17 inches
Mean annual air temperature: 46 to 52 degrees F
Frost-free period: 125 to 155 days

Map Unit Composition
Truckton and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Truckton

Setting
Landform: Hills
Landform position (two-dimensional): Backslope, footslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Wind re-worked alluvium derived from arkose

Typical profile
A - 0 to 6 inches: loamy sand
Bt1 - 6 to 10 inches: sandy loam
Bt2 - 10 to 16 inches: sandy loam
C - 16 to 80 inches: loamy coarse sand

Properties and qualities
Slope: 3 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): High (2.13 to 7.09 

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 1 percent

Custom Soil Resource Report
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Maximum salinity: Nonsaline to very slightly saline (0.1 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 4.5 inches)

Interpretive groups
Land capability classification (irrigated): 3e
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: A
Ecological site: R067BY024CO - Sandy Plains
Hydric soil rating: No

Minor Components

Vona
Percent of map unit: 8 percent
Landform: Hills, dunes
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex, linear
Across-slope shape: Convex, linear
Ecological site: R067BY024CO - Sandy Plains
Hydric soil rating: No

Valent
Percent of map unit: 5 percent
Landform: Dunes
Landform position (two-dimensional): Shoulder, backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex, linear
Across-slope shape: Convex, linear
Ecological site: R067BY015CO - Deep Sand
Hydric soil rating: No

Blakeland
Percent of map unit: 3 percent
Landform: Hills, interfluves
Landform position (two-dimensional): Shoulder, backslope, summit
Landform position (three-dimensional): Side slope, crest
Down-slope shape: Convex, linear
Across-slope shape: Convex, linear
Ecological site: R067BY015CO - Deep Sand
Hydric soil rating: No

Bresser
Percent of map unit: 2 percent
Landform: Interfluves
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: R067BY024CO - Sandy Plains
Hydric soil rating: No

Urban land
Percent of map unit: 2 percent
Hydric soil rating: No

Custom Soil Resource Report
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TrD—Truckton loamy sand, 5 to 9 percent slopes

Map Unit Setting
National map unit symbol: 31gjz
Elevation: 4,200 to 5,600 feet
Mean annual precipitation: 12 to 17 inches
Mean annual air temperature: 46 to 52 degrees F
Frost-free period: 125 to 155 days

Map Unit Composition
Truckton and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Truckton

Setting
Landform: Hills
Landform position (two-dimensional): Shoulder, backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex, linear
Across-slope shape: Convex
Parent material: Wind re-worked alluvium derived from arkose

Typical profile
A - 0 to 6 inches: loamy sand
Bt1 - 6 to 10 inches: sandy loam
Bt2 - 10 to 16 inches: sandy loam
C - 16 to 80 inches: loamy coarse sand

Properties and qualities
Slope: 5 to 9 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): High (2.13 to 7.09 

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 1 percent
Maximum salinity: Nonsaline to very slightly saline (0.1 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 4.5 inches)

Interpretive groups
Land capability classification (irrigated): 6e
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: A
Ecological site: R067BY015CO - Deep Sand
Hydric soil rating: No
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Minor Components

Valent
Percent of map unit: 8 percent
Landform: Dunes
Landform position (two-dimensional): Summit, shoulder, backslope
Landform position (three-dimensional): Side slope, crest
Down-slope shape: Convex, linear
Across-slope shape: Convex, linear
Ecological site: R067BY015CO - Deep Sand
Hydric soil rating: No

Vona
Percent of map unit: 7 percent
Landform: Hills, dunes
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex, linear
Across-slope shape: Convex, linear
Ecological site: R067BY015CO - Deep Sand
Hydric soil rating: No

Blakeland
Percent of map unit: 2 percent
Landform: Hills, interfluves
Landform position (two-dimensional): Shoulder, backslope, summit
Landform position (three-dimensional): Side slope, crest
Down-slope shape: Convex, linear
Across-slope shape: Convex, linear
Ecological site: R067BY015CO - Deep Sand
Hydric soil rating: No

Urban land
Percent of map unit: 2 percent
Hydric soil rating: No

Bresser
Percent of map unit: 1 percent
Landform: Interfluves
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: R067BY024CO - Sandy Plains
Hydric soil rating: No
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Any watershed can be conceptualized as a combination of pervious and impervious surfaces. Pervious surfaces allow 
water to infiltrate into the ground, while impervious surfaces do not allow for infiltration. In urban hydrology, the 
relationships between pervious and impervious surfaces is important. Urbanization increases impervious area, causing 
rainfall-runoff relationships to change significantly. In the absence of stormwater management controls that infiltrate 
or detain runoff, urbanization increases peak runoff rates, volumes, and frequency of runoff and decreases the time to 
peak.

When analyzing a catchment for planning or design purposes, estimates of the existing and probable future 
imperviousness of the drainage area are needed. In some cases, the pre-development (i.e., historic) condition also must 
be analyzed. Table 6-2 provides recommended imperviousness values based on land use types and is appropriate for 
master planning analysis and conceptual design. Note that the land use classifications in Table 6-2 incorporate roads 
that are included within the land use. Table 6-3 provides recommended imperviousness values for different surface 
types and is appropriate for use during later stages of design when the layout of different types of impervious and 
pervious areas on the site is known and the area of each surface type can be quantified. 

The runoff coefficient, C, represents the integrated effects of infiltration, evaporation, depression storage, and 
interception, all of which affect the rate and volume of runoff. Determining representative runoff coefficients requires 
judgment based on the experience and expertise of the engineer.

Volume-based runoff coefficients were derived to improve consistency between CUHP and the Rational Method for 
peak flow predictions (Guo 2013; Guo and Urbonas 2013). The coefficients developed by Dr. Guo were recalibrated 
using CUHP Version 2.0.0 (Rapp et al. 2017). Using imperviousness, expressed as a decimal, and the Natural Resources 
Conservation Service (NRCS) Hydrologic Soil Group (HSG), the equations in Table 6-5 can be used to calculate runoff 
coefficients for design storm return periods for the Rational Method.

TABLE 6-5. RUNOFF COEFFICIENT EQUATIONS BASED ON NRCS HSG AND STORM RETURN PERIOD 

NRCS 
HSG

STORM RETURN PERIOD
WQE & 
2-Year 5-Year 10-Year 25-Year 50-Year 100-Year 500-Year

A CA =  
0.840I 1.302

CA =  
0.861I 1.276

CA =  
0.873I 1.232

CA =  
0.884I 1.124

CA =  
0.854I + 0.025

CA =  
0.779I + 0.110

CA =  
0.645I + 0.254

B CB =  
0.835I 1.169

CB =  
0.857I 1.088

CB  =  
0.807I + 0.057

CB =  
0.628I + 0.249

CB =  
0.558I + 0.328

CB =  
0.465I + 0.426

CB =  
0.366I + 0.536 

C/D CC/D =  
0.834I 1.122

CC/D = 
0.815I + 0.035

CC/D = 
0.735I + 0.132

CC/D = 
0.560I + 0.319

CC/D = 
0.494I + 0.393

CC/D =  
0.409I + 0.484

CC/D = 
0.315I + 0.588
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4.6	 RUNOFF COEFFICIENTS

4.5	 RAINFALL INTENSITY

The calculated rainfall intensity, I , is the average rainfall rate in inches per hour over a duration equal to tc . Obtain 
1-hour point precipitation depths from National Oceanic and Atmospheric Administration (NOAA) Atlas 14 for the 
average return periods of interest and apply Equation 5-1 in the Rainfall chapter using tc as the storm duration,  
td . Use the centroid of the catchment to determine the 1-hour point precipitation depths. The MHFD-Rational and 
MHFD-Inlet Excel workbooks automatically calculate rainfall intensity based on 1-hour point precipitation depths for a 
specified location.
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TABLE 6-7. RUNOFF COEFFICIENTS, C, NRCS HSG B 
TOTAL OR  
EFFECTIVE % 
IMPERVIOUS  

NRCS HSG B

WQE & 
2-Year 5-Year 10-Year 25-Year 50-Year 100-Year 500-Year

2% 0.01 0.01 0.07 0.26 0.34 0.44 0.54
5% 0.03 0.03 0.10 0.28 0.36 0.45 0.55

10% 0.06 0.07 0.14 0.31 0.38 0.47 0.57

15% 0.09 0.11 0.18 0.34 0.41 0.50 0.59

20% 0.13 0.15 0.22 0.37 0.44 0.52 0.61

25% 0.17 0.19 0.26 0.41 0.47 0.54 0.63

30% 0.20 0.23 0.30 0.44 0.50 0.57 0.65

35% 0.24 0.27 0.34 0.47 0.52 0.59 0.66

40% 0.29 0.32 0.38 0.50 0.55 0.61 0.68

45% 0.33 0.36 0.42 0.53 0.58 0.64 0.70

50% 0.37 0.40 0.46 0.56 0.61 0.66 0.72

55% 0.42 0.45 0.50 0.59 0.63 0.68 0.74

60% 0.46 0.49 0.54 0.63 0.66 0.71 0.76

65% 0.50 0.54 0.58 0.66 0.69 0.73 0.77

70% 0.55 0.58 0.62 0.69 0.72 0.75 0.79

75% 0.60 0.63 0.66 0.72 0.75 0.77 0.81

80% 0.64 0.67 0.70 0.75 0.77 0.80 0.83

85% 0.69 0.72 0.74 0.78 0.80 0.82 0.85

90% 0.74 0.76 0.78 0.81 0.83 0.84 0.87

95% 0.79 0.81 0.82 0.85 0.86 0.87 0.88

100% 0.84 0.86 0.86 0.88 0.89 0.89 0.90
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TABLE 6-2. RECOMMENDED IMPERVIOUSNESS BY LAND USE  

6 of 40

LAND USE/DENSITY IMPERVIOUSNESS
Residential

Single-family Housing (SFH) – Rural (0 – 3 du/ac) 35%
SFH – Low & Medium-density (3 – 5 du/ac) 55%
SFH – High-density (5 - 20 du/ac) 65%
Manufactured Housing (>= 10 du/ac) 65%
Multi-family Housing (MFH) – Medium-density (5 – 20 du/ac) 65%
MFH – High-density MFH (>20 du/ac) 70%

Commercial
Commercial – Low-density 65%
Commercial – Medium- to High-density 80%
Commercial – Urban Core 90%

Industrial/Institutional
Schools 55%
Office/institutional 65%
Industrial Areas 75%
Solar Fields, Gravel Cover1,2 60%
Solar Fields, Grass Cover1,2 45%

Parks and Open Space
Open Space, Undisturbed Native Grasses 5%
Community Parks 25%
Neighborhood Parks 15%
Golf Courses 30%
Cemeteries 25%
Note: Recommended imperviousness values shown in the table are the minimum imperviousness values for a specific land use. It is the engineer’s responsibility to 
select imperviousness values that appropriately reflect the actual density of the proposed development.

1 Use these values at the master planning scale or when the specific layout of panels is not known. Use values from the surface type (Table 6-3) at the site planning 
and design stage when panel width, panel spacing, and panel orientation relative to contours are known.

2 Assumes 1:1 ratio of panels to aisles. See MHFD’s technical memorandum regarding Determination of Solar Panel Field Runoff Coefficients and Imperviousness 
Values for additional information on procedures to reflect other impervious areas such as roads and pads that may be part of a solar field and layouts with wider 
inter-panel spacing.

Site-specific conditions may vary from the representative values presented in this chapter. The engineer is responsible 
for assuring that the selected imperviousness values represent the imperviousness of the catchment or the proposed 
development. During master planning or in early stages of design, select imperviousness values that are unlikely to be 
exceeded as final design plans are developed to avoid the need to increase the size of infrastructure during later design 
stages.
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TABLE 6-3. RECOMMENDED IMPERVIOUSNESS BY SURFACE TYPES  
SURFACE TYPES IMPERVIOUSNESS
Roadways and Paved Streets 95%
Concrete Driveways and Walks 95%
Roofs 95%

Gravel
No Traffic (Pedestrian Use) 40%
Low-traffic Areas (Maintenance Paths and Substations) 60%
High-traffic Areas (Roadways and Parking) 80%

Disturbed Soil (Including Lawns, Managed/Active Turf, Landscaped Areas with 
Water-Wise Vegetation, and Uncompacted Gravel/Mulch Planting Beds) 20%

Undisturbed or Decompacted Soil (Native Grasses and Open Space Areas) 5%

Artificial Turfs1 Landscape Applications (without Subgrade Drainage Layer) 25% – 45%
Sport Fields (with Underdrain Pipe System) 60% – 80%

Water Surfaces (Lakes/Reservoirs/Irrigation Ponds) 100%

Solar Fields2

Grass Cover (Varies with Panel Orientation Relative to 
Ground Contours) 10% – 45%

Gravel Cover (Varies with Panel Orientation Relative to 
Ground Contours) 50% – 75%

Historic Flow Analysis, Greenbelts, Agricultural 5%
Newly Graded Areas 65%

Stormwater 
Control  
Measures3

Retention Ponds & Constructed Wetland Ponds 100%
Rooftop Systems – Blue Roofs 95%
Rooftop Systems – Green Roofs (extensive) 65%
Rooftop Systems – Green Roofs (intensive) 50%
Permeable Pavement – CGP/PGP/RGP 55%
Permeable Pavement – PICP 45%
Extended Detention Basins 25%
Receiving Pervious Areas (incl. Grass Buffers & Grass Swales) 20%
Bioretention & Sand Filters 10%

1 Consult with the manufacturer to get a recommended value.

2 Assumes 1:1 ratio of panels to aisles. See MHFD’s technical memorandum regarding Determination of Solar Panel Field Runoff Coefficients and Imperviousness 
Values for additional information on procedures for determining percent imperviousness based on panel width, panel spacing, and panel orientation relative to 
ground contours and how to reflect other impervious areas such as roads and pads that may be part of a solar field and layouts with wider inter-panel spacing.

3 See MHFD’s technical memorandum regarding Evaluation of Percent Imperviousness for Stormwater Control Measures for background information. 
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Appendix G – 
Runoff Coefficient, Time of Concentration, and Runoff Calculations



exp US Services

PROJECT: Magellan Pipeline- Watkins Junction Site DESIGNED BY: JPT

NUMBER: TAL-24003094-00 CHECKED BY: NSK

LOCATION: 39°42'35.9"N 104°31'43.1"W DATE: 01/08/25

Hydrologic Soil Group B

Land use/Surface type % Imperviousness (I)

Open Space, Undisturbed 

Native Grasses 5%

Gravel, Low-traffic Areas 60%

Grass Swale 20%

Runoff Coefficients

Basin ID Total Area (ac) Open Space (ac) Gravel (ac)

Grass Swale/Landscaping 

(ac) %I (weighted) C10 C100

EX-1 2.42 2.03 0.39 0.14 0.17 0.49

EX-2 0.43 0.27 0.16 0.25 0.26 0.54

DA-1 0.43 0.22 0.21 0.40 0.38 0.61

DA-2 1.22 0.75 0.47 0.45 0.42 0.63

DA-3 1.20 0.52 0.68 0.37 0.36 0.60

OS-1 3.14 3.14 0.00 0.05 0.10 0.45

OS-2 0.90 0.90 0.00 0.05 0.10 0.45

Note:

-Percent Impervious values are found in table 6-2 and 6-3 in the Mile High Flood 

District (MHFD) Urban Storm Drainage Criteria Manual

Area (ac)



exp US Services

PROJECT: Magellan Pipeline- Watkins Junction Site DESIGNED BY: JPT

NUMBER: TAL-24003094-00 CHECKED BY: NSK

LOCATION: 39°42'35.9"N 104°31'43.1"W DATE: 01/08/25

Design Point Basin ID Area (ac) %I (weighted) C10 C100 tc i10 i100 Q10 Q100

EX-1 EX-1 2.42 0.14 0.17 0.49 10 4.46 7.28 1.82 8.64

EX-2 EX-2 0.43 0.25 0.26 0.54 10 4.46 7.28 0.50 1.70

3 OS-1 3.14 0.05 0.10 0.45 10 4.46 7.28 1.36 10.27

5 OS-2 0.90 0.05 0.10 0.45 10 4.46 7.28 0.39 2.94

4.08 23.56

Design Point Basin ID Area (ac) %I (weighted) C10 C100 tc i10 i100 Q10 Q100

1 DA-1 0.43 0.40 0.38 0.61 10 4.46 7.28 0.74 1.92

2 DA-2 1.22 0.45 0.42 0.63 10 4.46 7.28 2.27 5.63

4 DA-3 1.20 0.37 0.36 0.60 10 4.46 7.28 1.92 5.24

3 OS-1 3.14 0.05 0.10 0.45 10 4.46 7.28 1.36 10.27

5 OS-2 0.90 0.05 0.10 0.45 10 4.46 7.28 0.39 2.94

6.68 26.00

Notes:

-A minimum time of concentration (tc) of 10 minutes for non-urban areas are used in calculations per Mile High Flood District (MHFD) Urban Storm 

Drainage Criteria Manual Section 4.4.4

-Rainfall intesities (i) for each design rainfall event are found from IDF curves found in the Arapahoe County Stormwater Management Manual (See 

appendices).

Runoff Coefficients Rainfall Intensity (in/hr) Direct Runoff (cfs)

Total Runoff (cfs)

Runoff Coefficients Rainfall Intensity (in/hr) Direct Runoff (cfs)

Total Runoff (cfs)
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Appendix H – 
Hydraulic Calculations 



exp US Services

PROJECT: Magellan Pipeline- Watkins Junction Site DESIGNED BY: JPT

NUMBER: TAL-24003094-00 CHECKED BY: NSK

LOCATION: 39°42'35.9"N 104°31'43.1"W DATE: 01/08/25

b 2

z 5

y 1

Design Point Basin ID ∑Q100 (cfs) n A (sf) R (ft) S Qdes(cfs) ∑Q100 < Qdes?

1 DA-1 1.92 0.03 7 0.57 0.02 33.95 Yes

2 DA-2 7.55 0.03 7 0.57 0.02 33.95 Yes

3 OS-1 12.79 0.03 7 0.57 0.02 33.95 Yes

4 DA-3 23.06 0.03 7 0.57 0.02 33.95 Yes

5 OS-2 26.00 0.03 7 0.57 0.02 33.95 Yes

Notes:

-The 1-hr, 100-year rainfall event is used to design all conveyence features per guidance from the Mile High Flood District (MHFD) Urban Storm Drainage Criteria 

Manual.

-A manning's roughness value of 0.03 is found from table 8-5 of the Mile High Flood District (MHFD) Urban Storm Drainage Criteria Manual.

-Conceptual swale geometry is found with guidance from the Mile High Flood District (MHFD) Urban Storm Drainage Criteria Manual, Chapter 8.

-One-dimensional, steady uniform flow and negligible head loss is assumed in this analysis.

-Channel slope (S) is found by taking the average slope of 100' discrete intervals along length of swale section.

Prop Swale Section, ft



exp US Services

PROJECT: Magellan Pipeline- Watkins Junction Site DESIGNED BY: JPT

NUMBER: TAL-24003094-00 CHECKED BY: NSK

LOCATION: 39°42'35.9"N 104°31'43.1"W DATE: 01/08/25

b 2

z 5

y 1

b 6.9

z 8.25

y 0.66

Design Point Basin ID ∑Q100 (cfs) n A (sf) R (ft) S Qcap(cfs) ∑Q100 < Qcap?

1 DA-1 1.92 0.03 7 0.57 0.02 33.95 Yes

EXIST SWALE NA 1.92 0.03 8.1477 0.46 0.008 21.44 Yes

Notes:

-The 1-hr, 100-year rainfall event is used to design all conveyence features per guidance from the Mile High Flood District (MHFD) Urban Storm Drainage Criteria Manual.

-A manning's roughness value of 0.03 is found from table 8-5 of the Mile High Flood District (MHFD) Urban Storm Drainage Criteria Manual.

-Conceptual swale geometry is found with guidance from the Mile High Flood District (MHFD) Urban Storm Drainage Criteria Manual, Chapter 8.

-One-dimensional, steady uniform flow and negligible head loss is assumed in this analysis.

-Channel slope (S) is found by taking the average slope of 100' discrete intervals along length of swale section.

Proposed Swale Section, ft

Existing Swale Section, ft

- Existing Swale mapped via LiDAR data from OpenTopograpy published on 12/22/2021 (https://portal.opentopography.org/usgsDataset?dsid=CO_DRCOG_1_2020)

07/09/2025

Actual



Project:
Pipe ID:

Design Information (Input)
Pipe Invert Slope So = 0.1000 ft/ft

Pipe Manning's n-value n = 0.0130

Pipe Diameter D = 24.00 inches

Design discharge Q = 33.95 cfs

1

Full-Flow Capacity (Calculated)  

Full-flow area Af = 3.14 sq ft

Full-flow wetted perimeter Pf = 6.28 ft

Half Central Angle Theta = 3.14 radians

Full-flow capacity Qf = 71.73 cfs

Calculation of Normal Flow Condition  

Half Central Angle (0<Theta<3.14) Theta = 1.54 radians

Flow area An = 1.51 sq ft

Top width Tn = 2.00 ft

Wetted perimeter Pn = 3.08 ft

Flow depth Yn = 0.97 ft

Flow velocity Vn = 22.52 fps

Discharge Qn = 33.95 cfs

Percent of Full Flow Flow = 47.3% of full flow

Normal Depth Froude Number Frn = 4.57 supercritical

Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 2.72 radians

Critical flow area Ac = 3.09 sq ft

Critical top width Tc = 0.83 ft

Critical flow depth Yc = 1.91 ft

Critical flow velocity Vc = 10.98 fps

Critical Depth Froude Number Frc = 1.00

CIRCULAR CONDUIT FLOW (Normal & Critical Depth Computation)

Magellan Pipeline- Watkins Junction Site
N/A

MHFD-Culvert, Version 4.00 (May 2020)

1
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Appendix I – 
Drainage Plan
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1. ALL PROPOSED IMPROVEMENTS ARE CONCEPTUAL AND SUBJECT TO CHANGE
UPON DEVELOPMENT OF DESIGN AND AGENCY APPROVAL.

2. REFER TO PHASE III DRAINAGE REPORT BY EXP DATED JANUARY 2025 FOR
CALCULATIONS.

3. THE TOPOGRAPHIC SURVEY WAS PROVIDED BY LW SURVEY COMPANY
CONSULTING GROUP ON 11/7/2024 . THESE IMPROVEMENT PLANS DO NOT
WARRANT THE ACCURACY OF THE PROVIDED SURVEY.

4. EXISTING UTILITY INFORMATION AS SHOWN ON PLANS ARE FOR REFERENCE
ONLY AND SHALL NOT BE TAKEN AS EXACT. CONTRACTOR SHALL FIELD VERIFY
ALL EXISTING UTILITY LOCATIONS WITHIN THE LIMITS OF DISTURBANCE AND AS
IT RELATES TO THE WORK HEREIN.

CASE NO.: UAIS25-002 DEPARTMENT OF PUBLIC WORKS AND
DEVELOPMENT APPROVAL BLOCK

LEGEND
PROPERTY LINE

EXISTING CONTOUR

EXISTING UNDERGROUND GAS

SUMMARY OF RUNOFF TABLE

BASIN ID AREA (AC) C5 C100 Q5 Q100 % IMPERVIOUS

EX-1 2.42 0.10 0.49 0.90 8.64 0.14

EX-2 0.43 0.19 0.54 0.31 1.70 0.25

OS-1 3.14 0.03 0.45 0.38 10.27 0.05

OS-2 0.90 0.03 0.45 0.11 2.94 0.05

EXISTING FENCE

EXISTING OVERHEAD ELECTRIC

EXISTING WATER STRUCTURE

EXISTING ELECTRICAL STRUCTURE

EXISTING GRAVEL

5XXX.XX

C-001

REE

7/9/2025

JPT

JPT

NSK

MAGELLAN PIPELINE - WATKINS JUNCTION SITE
REE JPT JPT NSK

1 DRAINAGE EXHIBIT-EXISTING
1" = 100' - 0"

north

W

EM

EXISTING RIDGE LINE

EXISTING FLOW ARROW

EXISTING DRAINAGE AREA

t: +1.713.439.3600 | f: +1.713.963.9085
11330 Clay Road, suite 550.
Houston, TX 77041
U.S.A.

www.exp.com

EXP Energy Services Inc.

BUILDINGS    EARTH & ENVIRONMENT    ENERGY
INDUSTRIAL    INFRASTRUCTURE    SUSTAINABILITY

GENERAL NOTES
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CASE NO.: UAIS25-002

1. ALL PROPOSED IMPROVEMENTS ARE CONCEPTUAL AND SUBJECT TO CHANGE
UPON DEVELOPMENT OF DESIGN AND AGENCY APPROVAL.

2. REFER TO PHASE III DRAINAGE REPORT BY EXP DATED JANUARY 2025 FOR
CALCULATIONS.

3. THE TOPOGRAPHIC SURVEY WAS PROVIDED BY LW SURVEY COMPANY
CONSULTING GROUP ON 11/7/2024 . THESE IMPROVEMENT PLANS DO NOT
WARRANT THE ACCURACY OF THE PROVIDED SURVEY.

4. EXISTING UTILITY INFORMATION AS SHOWN ON PLANS ARE FOR REFERENCE
ONLY AND SHALL NOT BE TAKEN AS EXACT. CONTRACTOR SHALL FIELD VERIFY
ALL EXISTING UTILITY LOCATIONS WITHIN THE LIMITS OF DISTURBANCE AND AS
IT RELATES TO THE WORK HEREIN.

LEGEND

PROPOSED FENCE

PROPOSED GRAVEL

PROPOSED SWALE

PROPOSED PIPELINE

C-002

PROPERTY LINE

EXISTING CONTOUR

EXISTING UNDERGROUND GAS

EXISTING FENCE

EXISTING OVERHEAD ELECTRIC

EXISTING WATER STRUCTURE

EXISTING ELECTRICAL STRUCTURE

EXISTING GRAVEL

W

5XXX.XX

EXISTING RIDGE LINE

EM

DRAINAGE EXHIBIT - PROPOSED
WATKINS JUNCTION SITE

8/7/2025

MAGELLAN PIPELINE - WATKINS JUNCTION SITE

EXISTING FLOW ARROW

PROPOSED FLOW ARROW

SUMMARY OF RUNOFF TABLE

BASIN ID AREA (AC) DESIGN POINT C5 C100 Q5 Q100 % IMPERVIOUS

DA-1 0.43 1 0.32 0.61 0.51 1.92 0.40

DA-2 1.33 2 0.36 0.63 1.62 5.63 0.45

DA-3 1.20 4 0.29 0.60 1.31 5.24 0.37

OS-1 3.14 3 0.03 0.45 0.38 10.27 0.05

OS-2 0.90 5 0.03 0.45 0.11 2.94 0.05

1 DRAINAGE EXHIBIT- PROPOSED
1" = 100' - 0"

north

DESIGN POINT

PROPOSED DRAINAGE AREA

DEPARTMENT OF PUBLIC WORKS AND
DEVELOPMENT APPROVAL BLOCK

t: +1.713.439.3600 | f: +1.713.963.9085
11330 Clay Road, suite 550.
Houston, TX 77041
U.S.A.

www.exp.com

EXP Energy Services Inc.

BUILDINGS    EARTH & ENVIRONMENT    ENERGY
INDUSTRIAL    INFRASTRUCTURE    SUSTAINABILITY

GENERAL NOTES

LWS

NSK

JPT

JH

LWS NSK JPT JH
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CASE NO.: UAIS25-002 DEPARTMENT OF PUBLIC WORKS AND DEVELOPMENT
APPROVAL BLOCK

t: +1.713.439.3600 | f: +1.713.963.9085
11330 Clay Road, suite 550.
Houston, TX 77041
U.S.A.

www.exp.com

EXP Energy Services Inc.

BUILDINGS    EARTH & ENVIRONMENT    ENERGY
INDUSTRIAL    INFRASTRUCTURE    SUSTAINABILITY

1 PROPOSED RIPRAP INSET (WEST)
1" = 10' - 0"

north

2 PROPOSED CULVERT INSET
1" = 10' - 0"

north

3 PROPOSED RIPRAP INSET (EAST)
1" = 10' - 0"

north

1. ALL PROPOSED IMPROVEMENTS ARE CONCEPTUAL AND SUBJECT TO CHANGE
UPON DEVELOPMENT OF DESIGN AND AGENCY APPROVAL.

2. REFER TO PHASE III DRAINAGE REPORT BY EXP DATED JANUARY 2025 FOR
CALCULATIONS.

3. THE TOPOGRAPHIC SURVEY WAS PROVIDED BY LW SURVEY COMPANY
CONSULTING GROUP ON 11/7/2024 . THESE IMPROVEMENT PLANS DO NOT
WARRANT THE ACCURACY OF THE PROVIDED SURVEY.

4. EXISTING UTILITY INFORMATION AS SHOWN ON PLANS ARE FOR REFERENCE
ONLY AND SHALL NOT BE TAKEN AS EXACT. CONTRACTOR SHALL FIELD VERIFY
ALL EXISTING UTILITY LOCATIONS WITHIN THE LIMITS OF DISTURBANCE AND AS
IT RELATES TO THE WORK HEREIN.

GENERAL NOTES
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Appendix J – 
TRC Waiver Response Letter



PUBLIC WORKS & DEVELOPMENT  

BRYAN D. WEIMER, PWLF  

Director  

6924 South Lima Street  

Centennial, CO 80112-3853  

Phone: 720-874-6500  

Relay Colorado: 711 

www.arapahoegov.com  

Page 1 of 1 

 

January 16th, 2025 

 

 

Attn: Virginia Steen, Applicant 

 

Project Name:    _Denver Expansion Project – Watkins Junction    

Case Number:   _Q24-067____      

Address:  _Parcel No. 1979-00-0-00-595____________   

 

The Arapahoe County Technical Review Committee (TRC) and Southeast Metro Stormwater 

Authority (SEMSWA) met on  December 18th, 2024 for a regularly scheduled meeting to discuss the 

Copperleaf Commercial project and associated request. The following variance/waiver is requested: 

 

1. Section 13.1.1 of the Arapahoe County Stormwater Management Manual states that 
detention shall be provided for all new development, redevelopment, or site expansion. 

 

Project and Requirement Summary: 

 

TRC has the following comments as it relates to said request: 

A. An existing gravel road is being utilized an extended for the site, but the property will 
remain largely undeveloped; the applicant has also adjusted the location of the site and 
length of the roadway to reduce added impervious area. 

B. There are no existing drainageways or swales in the vicinity of the property. 
 

The Technical Review Committee has reviewed the justification you provided in your waiver requests 

(copy attached) and has agreed to the following: 

1. TRC agrees to waive detention for this project per the attached justification. The project 
should still take care not to cause any adverse effects to adjacent properties. 

 

If the development intentions deviate from what was presented within this request, a new request(s) 

shall be sought from the Engineering Services Division. 

 

If you have any questions, please feel free to contact me at 720-874-6500. 

 

 

Sincerely, 

 

 

Emily Gonzalez, PE 

Engineering Services Division 

 

cc: Arapahoe County Case Files: Q24-067, UASI25-002 
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Appendix K – 
Final Grading, Erosion, & Sediment Control (GESC) Plan
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C-100

GESC COVER SHEET
WATKINS JUNCTION SITE

LWS

7/9/2025

JPT

JPT

NSK

MAGELLAN PIPELINE - WATKINS JUNCTION SITE
LWS JPT JPT NSK

DEPARTMENT OF PUBLIC WORKS AND
DEVELOPMENT APPROVAL BLOCK

t: +1.713.439.3600 | f: +1.713.963.9085
11330 Clay Road, suite 550.
Houston, TX 77041
U.S.A.

www.exp.com

EXP Energy Services Inc.

BUILDINGS    EARTH & ENVIRONMENT    ENERGY
INDUSTRIAL    INFRASTRUCTURE    SUSTAINABILITY

SESC GENERAL NOTES 
1. CONTRACTOR SHALL BE RESPONSIBLE FOR EROSION AND SEDIMENTATION CONTROL AS

DETAILED IN THE SOIL EROSION AND SEDIMENTATION CONTROL (SESC) PLAN TO
PREVENT TRANSMISSION OF SEDIMENT TO THE DRAINAGE FACILITIES.

2. EROSION AND SEDIMENT CONTROL MEASURES ARE TO BE PLACED PRIOR TO, OR AS THE
FIRST PART OF CONSTRUCTION. SEDIMENT CONTROL MEASURES MUST PROTECT ALL
DRAINAGE FACILITIES FROM SEDIMENTATION.

3. EROSION AND SEDIMENT CONTROL MEASURES TO BE INSPECTED DAILY. REPAIRS TO BE
MADE AS NECESSARY AND WITHIN 24 HOURS OF INSPECTION.

4. EROSION CONTROL MEASURES SHALL BE INSTALLED AROUND ANY DIRT OR TOPSOIL
STOCKPILES AND OTHER TEMPORARILY DISTURBED AREAS.

5. ALL EROSION AND SEDIMENTATION CONTROL MEASURES SHALL BE REMOVED AND
DISPOSED OF IN ACCORDANCE WITH ALL JURISDICTIONAL GOVERNMENTAL AGENCY
REQUIREMENTS WITHIN 30 DAYS OF FINAL STABILIZATION.

6. SILT WORM SHALL REMAIN IN PLACE UNTIL A GOOD STAND OF GRASS HAS BEEN
OBTAINED. AFTER COMPLETE VEGETATION ESTABLISHMENT, ALL SILT WITHIN PIPES AND
DRAINAGE SWALES SHALL BE REMOVED WITHIN 10 DAYS SO THAT FINISHED GRADES
ARE MET.

DENVER EXPANSION PROJECT 1041 -
WATKINS JUNCTION SITE
39°42'35.9"N 104°31'43.1"W

LOCATION MAP
NORTH

OWNER/DEVELOPER CONTACT INFORMATION

MAGELLAN PIPELINE COMPANY, L.P.
ONEOK PLAZA
100 WEST FIFTH STREET
TULSA, OK 74103
t: +1.918-588-700

ENGINEER CONTACT INFORMATION

EXP
163 WELTON STREET, SUITE 600A
DENVER, CO 80202
t: +1.303-296-5017

NOTE:

THIS GRADING, EROSION, AND SEDIMENT CONTROL (GESC) DOCUMENT HAS BEEN PLACED IN THE PROJECT
FILE FOR THIS PROJECT AND APPEARS TO FULFILL THE LATEST VERSION OF THE GRADING, EROSION, AND
SEDIMENT CONTROL MANUAL. ADDITIONAL GRADING, EROSION, AND SEDIMENT CONTROL MEASURES MAY BE
REQUIRED BY THE OWNER, OR HIS/HER AGENTS, DUE TO UNFORESEEN EROSION PROBLEMS OR IF THE
SUBMITTED PLAN DOES NOT FUNCTION AS INTENDED. THE REQUIREMENTS OF THIS GESC DOCUMENT SHALL
RUN WITH THE LAND AND BE THE OBLIGATION OF THE LAND OWNER, OR HIS/HER DESIGNATED
REPRESENTATIVE(S) UNTIL SUCH TIME AS THE PLAN IS PROPERLY COMPLETED, MODIFIED, OR VOIDED.

PROFESSIONAL ENGINEER CERTIFICATION STATEMENT

I HEREBY ATTEST THAT THIS GRADING, EROSION, AND SEDIMENT CONTROL (GESC) DOCUMENT FOR THE DENVER EXPANSION PROJECT 1041-
WATKINS JUNCTION SITE HAS BEEN PREPARED BY ME OR UNDER MY DIRECT SUPERVISION, AND TO THE BEST OF MY KNOWLEDGE AND ABILITY
HAS BEEN PREPARED IN ACCORDANCE WITH THE LATEST VERSION OF THE GESC MANUAL.  THE SIGNATURE AND STAMP AFFIXED HEREON
CERTIFIES THAT THIS GESC DOCUMENT WAS PREPARED IN ACCORDANCE WITH THE REQUIRED REGULATIONS AND CRITERIA; HOWEVER, THE
STAMP AND SIGNATURE DOES NOT CERTIFY OR GUARANTEE FUTURE PERFORMANCE OF THE EXECUTION OF THE PLAN BY THE CONTRACTOR.
THE CONTRACTOR IS RESPONSIBLE FOR EXECUTING THE CONSTRUCTION WORK ACCORDING TO THE INFORMATION SET FORTH IN THE PLAN
AND IN ACCORDANCE WITH ALL APPLICABLE REQUIREMENTS.

REGISTERED PROFESSIONAL ENGINEER _______________

STATE OF COLORADO NO. ________________

LANDOWNER/AUTHORIZED AGENT  CERTIFICATION STATEMENT

I HEREBY CERTIFY THAT THE GRADING, EROSION, AND SEDIMENT CONTROL ,MEASURES FOR THE DENVER EXPANSION PROJECT 1041-
WATKINS JUNCTION SITE SHALL BE CONSTRUCTED ACCORDING TO THE DESIGN PRESENTED WITHIN THIS DOCUMENT. I UNDERSTAND
THAT ADDITIONAL EROSION CONTROL, SEDIMENT CONTROL, AND WATER QUALITY ENHANCING MEASURES MAY BE REQUIRED OF THE
OWNER AND HIS OR HER AGENTS DUE TO UNFORESEEN POLLUTANT DISCHARGES OR IF THE SUBMITTED PLAN DOES NOT FUNCTION AS
INTENDED. THE REQUIREMENTS OF THE PLAN SHALL BE THE OBLIGATION OF THE LAND OWNER AND/OR HIS SUCCESSORS OR HEIRS;
UNTIL SUCH TIME AS THE PLAN IS PROPERLY COMPLETED, MODIFIED, OR VOIDED.

OWNER OR AUTHORIZED AGENT _______________

AUTHORIZED SIGNATURE DATE _______________

SITE LOCATION

SHEET INDEX

C-100 GESC COVER SHEET

C-101 GRADING, EROSION & SEDIMENT CONTROL PLAN

C-201 GESC DETAILS

C-202 GESC DETAILS

1:3000

CASE NO.: UAIS25-002
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GENERAL NOTES 
1. ALL PROPOSED IMPROVEMENTS ARE CONCEPTUAL AND SUBJECT TO CHANGE

UPON DEVELOPMENT OF DESIGN AND AGENCY APPROVAL.
2. REFER TO PHASE III DRAINAGE REPORT BY EXP DATED JULY 2025 FOR

CALCULATIONS.
3. THE TOPOGRAPHIC SURVEY WAS PROVIDED BY LW SURVEY COMPANY

CONSULTING GROUP ON 11/7/2024 . THESE IMPROVEMENT PLANS DO NOT
WARRANT THE ACCURACY OF THE PROVIDED SURVEY.

4. EXISTING UTILITY INFORMATION AS SHOWN ON PLANS ARE FOR REFERENCE
ONLY AND SHALL NOT BE TAKEN AS EXACT. CONTRACTOR SHALL FIELD VERIFY
ALL EXISTING UTILITY LOCATIONS WITHIN THE LIMITS OF DISTURBANCE AND AS
IT RELATES TO THE WORK HEREIN.

5. APPROPRIATE CONTROL MEASURES MUST BE IMPLEMENTED PRIOR TO THE
START OF LAND DISTURBANCE ACTIVITY, MUST CONTROL POTENTIAL
POLLUTANTS DURING EACH PHASE OF CONSTRUCTION, AND MUST BE
CONTINUED THROUGH FINAL STABILIZATION. APPROPRIATE STRUCTURE AND
NON-STRUCTURAL CONTROL MEASURES MUST BE MAINTAINED IN OPERATIONAL
CONDITION.

6. SEE STANDARD NOTES AND DETAILS (C-201) FOR LEGEND OF NAMES AND
SYMBOLS.

7. SCREENED/SHADED BACK CONTROL MEASURES WERE INSTALLED IN THE  INITIAL
OR INTERIM STAGE AND, UNLESS OTHERWISE INDICATED, SHALL BE LEFT IN
PLACE UNTIL APPROVED BY THE GESC INSPECTOR.

8. ALL INTERIM CONTROL MEASURES, INCLUDING SEEDING AND MULCHING OR
DISTURBED AREAS, MUST BE COMPLETED WITHIN 14 DAYS IF THE AREAS WILL
REMAIN UNDISTURBED FOR A PERIOD GREATER THAN 30 DAYS.

9. ALL PROPOSED SLOPES ON THIS PLAN HAVE A MAXIMUM SLOPE OF 3:1. ANY
SLOPES BETWEEN 3:1 AND 4:1 WILL REQUIRE THE USE OF 
EROSION CONTROL BLANKETS OR FLEXIBLE GROWTH MEDIUM, AS 
APPROVED BY THE GESC INSPECTOR.

10. SEE CONSTRUCTION PLANS FOR DETAILS OF PERMANENT DRAINAGE 
FACILITIES SUCH AS DETENTION FACILITIES, WATER QUALITY FACILITIES, 
CULVERTS,STORM DRAINS, AND INLET AND OUTLET PROTECTION.

11. ACCEPTANCE OF THE POST-CONSTRUCTION PERMANENT CONTROL 
MEASURES WILL NOT OCCUR UNTIL ALL TRIBUTARY AREAS TO THE 
PERMANENT CONTROL MEASURES ARE FINAL STABILIZED.

12.  ALL TEMPORARY SEDIMENT & EROSION CONTROL MEASURES INCLUDING 
VEHICLE TRACKING CONTROL, SILT FENCE, CONCRETE WASHOUT, AND 
STABILIZED STAGING AREA ARE TO BE REMOVED UPON COMPLETION OF 
CONSTRUCTION.

LEGEND

PROPOSED FENCE

PROPOSED VEHICLE TRACKING CONTROL

PROPOSED SEEDING AND MULCH

C-101

PROPERTY LINE

EXISTING CONTOUR

EXISTING UNDERGROUND GAS

EXISTING FENCE

EXISTING OVERHEAD ELECTRIC

EXISTING WATER STRUCTURE

EXISTING ELECTRICAL STRUCTURE

EXISTING GRAVEL

W

5XXX.XX

EXISTING RIDGE LINE

EM

GRADING, EROSION, & SEDIMENT
CONTROL PLAN

WATKINS JUNCTION SITE
LWS

7/9/2025

NSK
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JH

MAGELLAN PIPELINE - WATKINS JUNCTION SITE
LWS NSK JPT JHEXISTING FLOW ARROW

PROPOSED FLOW ARROW

1 GRADING, EROSION, AND SEDIMENT CONTROL PLAN
1" = 100' - 0"

north

DEPARTMENT OF PUBLIC WORKS AND
DEVELOPMENT APPROVAL BLOCK

t: +1.713.439.3600 | f: +1.713.963.9085
11330 Clay Road, suite 550.
Houston, TX 77041
U.S.A.

www.exp.com

EXP Energy Services Inc.

BUILDINGS    EARTH & ENVIRONMENT    ENERGY
INDUSTRIAL    INFRASTRUCTURE    SUSTAINABILITY

PROPOSED CONCRETE WASHOUT

PROPOSED SILT FENCE

PROPOSED STABILIZED STAGING AREA

2 PROPOSED CULVERT INSET
1" = 10' - 0"

north

PROPOSED GRAVEL

PROPOSED SWALE

PROPOSED REINFORCED ROCK BERM

CASE NO.: UAIS25-002

100'0 200'

10' 20'0
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GRADING, EROSION, AND
SEDIMENT CONTROL DETAILS

WATKINS JUNCTION SITE
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JPT
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MAGELLAN PIPELINE - WATKINS JUNCTION SITE
LWS JPT JPT NSK

DEPARTMENT OF PUBLIC WORKS AND
DEVELOPMENT APPROVAL BLOCK

t: +1.713.439.3600 | f: +1.713.963.9085
11330 Clay Road, suite 550.
Houston, TX 77041
U.S.A.

www.exp.com

EXP Energy Services Inc.

BUILDINGS    EARTH & ENVIRONMENT    ENERGY
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2 GRADING EROSION AND SEDIMENT CONTROL STANDARD NOTES AND DETAILS
NOT TO SCALE
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CALL BEFORE YOUDIG

811
Call 2 days prior to any digging, grading or
excavating for the marking of underground

member utilities

UTILITY NOTIFICATION CENTER
OF COLORADO SOUTHEAST METRO STORMWATER AUTHORITY

7437 SOUTH FAIRPLAY STREET
CENTENNIAL COLORADO

80112-4486
(303) 858-8844 - INSPECTION DIVISION

GRADING EROSION AND SEDIMENT CONTROL
STANDARD NOTES AND DETAILS

REVISED FEBRUARY 2023
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GESC
SHEET
1 OF 4

CALL BEFORE YOUDIG

811
Call 2 days prior to any digging, grading or
excavating for the marking of underground

member utilities

UTILITY NOTIFICATION CENTER
OF COLORADO

GRADING EROSION AND SEDIMENT CONTROL
STANDARD NOTES AND DETAILS

REVISED FEBRUARY 2023

SOUTHEAST METRO STORMWATER AUTHORITY
7437 SOUTH FAIRPLAY STREET

CENTENNIAL COLORADO
80112-4486

(303) 858-8844 - INSPECTION DIVISION

1 GRADING EROSION AND SEDIMENT CONTROL STANDARD NOTES AND DETAILS
NOT TO SCALE

CASE NO.: UAIS25-002



t: +1.713.439.3600 | f: +1.713.963.9085
11330 Clay Road, suite 550.
Houston, TX 77041
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3 GRADING EROSION AND SEDIMENT CONTROL STANDARD NOTES AND DETAILS
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CALL BEFORE YOUDIG

811
Call 2 days prior to any digging, grading or
excavating for the marking of underground

member utilities

UTILITY NOTIFICATION CENTER
OF COLORADO

GESC
SHEET
3 OF 4

SOUTHEAST METRO STORMWATER AUTHORITY
7437 SOUTH FAIRPLAY STREET

CENTENNIAL COLORADO
80112-4486

(303) 858-8844 - INSPECTION DIVISION

GRADING EROSION AND SEDIMENT CONTROL
STANDARD NOTES AND DETAILS

REVISED FEBRUARY 2023

·
·

·
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SHEET
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CALL BEFORE YOUDIG

811
Call 2 days prior to any digging, grading or
excavating for the marking of underground

member utilities

UTILITY NOTIFICATION CENTER
OF COLORADO SOUTHEAST METRO STORMWATER AUTHORITY

7437 SOUTH FAIRPLAY STREET
CENTENNIAL COLORADO

80112-4486
(303) 858-8844 - INSPECTION DIVISION

GRADING EROSION AND SEDIMENT CONTROL
STANDARD NOTES AND DETAILS

REVISED FEBRUARY 2023

4 GRADING EROSION AND SEDIMENT CONTROL STANDARD NOTES AND DETAILS
NOT TO SCALE

C-202

GRADING, EROSION, AND
SEDIMENT CONTROL DETAILS

WATKINS JUNCTION SITE
LWS

7/9/2025

JPT

JPT

NSK

MAGELLAN PIPELINE - WATKINS JUNCTION SITE
LWS JPT JPT NSK

DEPARTMENT OF PUBLIC WORKS AND
DEVELOPMENT APPROVAL BLOCKCASE NO.: UAIS25-002
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PPQ�RSTU�VWXYT�Z[\]̂̂�_̀�]�[a]bcd]̂eb̀�cefgh̀ ba�]bc�bea�ibf̂gc̀c�ib�a\̀�Ueb[ajgfaieb�
kj]libm[n�

O

O O O XQ�RSTU�VWXY�UopSq�TrSSs�
O O O tQ�Y]h̀ �eu�Vjev̀fawTià�Y]h̀ �
O O O xQ�Vjev̀fa�Xccj̀[[�
O O O yQ�olb̀j�Ueba]fa�Pbuejh]aieb�ZY]h̀ z�Ueh{]b|z�Xccj̀[[z�V\eb̀n�
O O O }Q�Sbmib̀ j̀�Ueba]fa�Pbuejh]aieb�ZY]h̀ z�Ueh{]b|z�Xccj̀[[z�V\eb̀n�
O O O ~Q�V̂]b�T\̀ à�Pbc̀��
O O O �Q�U][̀�Ygh_̀jZ[n�ib�a\̀�̂el̀j�̂̀uad\]bc�fejb̀j�

O O O �Q�s\̀�uê̂elibm�beà��
������������������������������������������	��������cefgh̀ ba�\][�_̀ b̀�
{̂]f̀c�ib�a\̀�{jev̀fa�uî̀�uej�a\i[�{jev̀fa�]bc�]{{̀]j[�ae�uĝuî̂�a\̀�̂]à[a�
�̀j[ieb�eu�a\̀�������������������������������������	������	Q�Xcciaieb]̂�
mj]cibmz�̀je[ieb�]bc�[̀cih̀ ba�Uebajê��̀ ][gj̀[�h]|�_̀�j̀�gij̀c�eu�a\̀�
elb̀j�ej�\i[w\̀j�]m̀ba[z�cg̀�ae�gbuej̀[̀ b̀�̀je[ieb�{je_̂̀ h[�ej�iu�a\̀�
[g_hiaàc�{̂]b�cè[�bea�ugbfaieb�][�ibàbc̀cQ�s\̀�j̀�gij̀h̀ ba[�eu�a\i[�
RSTU�cefgh̀ ba�[\]̂̂�jgb�lia\�a\̀�̂]bc�]bc�_̀�a\̀�e_̂im]aieb�eu�a\̀�̂]bc�
elb̀jz�ej�\i[w\̀j�c̀[imb]àc�j̀{j̀[̀ba]ai�̀Z[n�gbaî�[gf\�aih̀ �][�a\̀�{̂]b�
��������������������� �����¡�������¢�����£¤�

O O O ¥Q�RSTU�kj]libm�k̀[imb�Sbmib̀ j̀¦[�[imb]agj̀�_̂ef§�lia\�b]h̀ z�c]àz�]bc�
Vjeù[[ieb]̂�Sbmib̀ j̀�j̀mi[aj]aieb�bgh_̀jQ�Timb]agj̀�_̂ef§�[\]̂̂�
ibf̂gc̀�a\̀�uê̂elibm�f̀jaiuif]aieb�[a]àh̀ ba��

�̈�\̀j̀_|�]aà[a�a\]a�a\i[�Rj]cibmz�Sje[iebz�]bc�T̀cih̀ ba�Uebajê�ZRSTUn�
cefgh̀ ba�uej�Z������©���ª��«�����¬��«�	�­����n�\][�_̀ b̀�{j̀{]j̀c�_|�
h̀ �ej�gbc̀j�h|�cij̀fa�[g{̀j�i[iebz�]bc�ae�a\̀�_̀[a�eu�h|�§bel̂ c̀m̀�]bc�
]_îia|�\][�_̀ b̀�{j̀{]j̀c�ib�]ffejc]bf̀�lia\�a\̀�̂]à[a��̀j[ieb�eu�a\̀�RSTU�
�]bg]̂Q�s\̀�[imb]agj̀�]bc�[a]h{�]uui�̀c�\̀j̀eb�f̀jaiuì[�a\]a�a\i[�RSTU�
cefgh̀ ba�l][�{j̀{]j̀c�ib�]ffejc]bf̀�lia\�a\̀�j̀�gij̀c�j̀mĝ]aieb[�]bc�
fjiàji]®�\el̀ �̀jz�a\̀�[a]h{�]bc�[imb]agj̀�cè[�bea�f̀jaiu|�ej�mg]j]bà̀ �
ugagj̀�{̀juejh]bf̀�eu�a\̀�̀�̀fgaieb�eu�a\̀�{̂]b�_|�a\̀�Uebaj]faejQ�s\̀�
Uebaj]faej�i[�j̀[{eb[i_̂̀ �uej�̀�̀fgaibm�a\̀�feb[ajgfaieb�lej§�]ffejcibm�ae�
a\̀�ibuejh]aieb�[̀a�ueja\�ib�a\̀�{̂]b�]bc�ib�]ffejc]bf̀�lia\�]̂̂�]{{̂if]_̂̀�
��̄°�����±��£¤�
q̀mi[àj̀c�Vjeù[[ieb]̂�Sbmib̀ j̀�� �
Ta]à�eu�Uêej]ce�YeQ��� �
Xuui��T̀]̂�lwc]à�

O O O ²Q�W]bcelb̀jw]ga\eji³̀c�]m̀ba�]f§bel̂ c̀mibm�RSTU�j̀�ìl�]bc�a\̀�
]ff̀{a]bf̀�eu�RSTU�j̀[{eb[i_îia|Q�Timb]agj̀�_̂ef§�[\]̂̂�ibf̂gc̀�a\̀�
uê̂elibm�f̀jaiuif]aieb�[a]àh̀ ba��

�̈�\̀j̀_|�f̀jaiu|�a\]a�a\̀�Rj]cibmz�Sje[iebz�]bc�T̀cih̀ ba�Uebajê��̀ ][gj̀[�
uej�Ź�����©���ª��«�����¬µ�«�	�­����n�[\]̂̂�_̀�feb[ajgfàc�]ffejcibm�ae�
a\̀�c̀[imb�{j̀[̀bàc�ib�a\i[�cefgh̀ baQ�P�gbc̀j[a]bc�a\]a�]cciaieb]̂�
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P P P P QRSTUSV�WSVXRSYZ�TQ[U\QVX�WSVXRSY�]V[�̂]XQR�_̀]YUXa�QVb]VWUVc�\Q]T̀RQT�
\]a�dQ�RQ_̀URQ[�Se�XbQ�ŜVQR�]V[�bUT�SR�bQR�]cQVXT�[̀Q�XS�̀VeSRQTQQV�
fSYỲX]VX�[UTWb]RcQT�SR�Ue�XbQ�T̀d\UXXQ[�fY]V�[SQT�VSX�èVWXUSV�]T�UVXQV[Q[g�
hbQ�RQ_̀URQ\QVXT�Se�XbQ�fY]V�Tb]YY�dQ�XbQ�SdYUc]XUSV�Se�XbQ�Y]V[�ŜVQR�
]V[iSR�bUT�T̀WWQTTSRT�SR�bQURTj�̀VXUY�T̀Wb�XU\Q�]T�XbQ�fY]V�UT�fRSfQRYa�
WS\fYQXQ[Z�\S[UeUQ[�SR�klmnonpq�
r̂ VQR�SR�s̀XbSRUtQ[�scQVX�� �
��s̀XbSRUtQ[�uUcV]X̀RQ� v]XQ�� �

P P P P wxpyz{{|lk}~y�~l��y��ooyz{{o�nm�y��y�p�qy�y�p�q�

P P P ��g��QVQR]Y��SW]XUSV��]f�]X�]�uW]YQ�Se���UVWb�XS������eQQX�XS������eQQX�
UV[UW]XUVc��

P P P ]g��QVQR]Y��UWUVUXa�Se�XbQ�TUXQ�YSW]XUSV�
P P P dg��]�SR�RS][̂]a�V]\QT�]V[�[R]UV]cQ̂]aT�
P P P Wg��SRXb�]RRŜ�]V[�TW]YQ�
P

P P P �g���u��v�s�������v���u���h�
P P P �SR�fRS�QWXT�Xb]X�RQ_̀URQ�\̀ YXUfYQ�fY]V��UQ̂�TbQQXT�XS�][Q_̀]XQYa�TbŜ�XbQ�

fRS�QWX�]RQ]��d]TQ[�SV�XbQ�TfQWUeUQ[�TW]YQ�R]VcQT�Z�]�TUVcYQ�fY]V��UQ̂�TbQQX�
Tb]YY�dQ�fRS�U[Q[�]X�]�TW]YQ�]ffRSfRU]XQ�XS�TbŜ�XbQ�QVXURQ�TUXQ�SV�SVQ�
TbQQXg�sRQ]T�Se�WS�QR]cQ�Se�XbQ�\̀ YXUfYQ�dYŜ �̀f�TbQQXT�]RQ�XS�dQ�UV[UW]XQ[�
]T�RQWX]VcYQT�SV�XbQ�UV[Q �TbQQXg�

P

P P P �g����h�s����u��v�s�����
hbUT�fY]V�TbQQX�Tb]YY�fRS�U[Q�cR][UVcZ�QRSTUSV�]V[�TQ[U\QVX��SVXRSY��Q]T̀RQT�eSR�XbQ�UVUXU]Y�WYQ]RUVcZ�
cR̀ddUVc�]V[�fRQf]R]XUSV�Se�]�fRS�QWXg�sX�]�\UVU\̀ \Z�UX�Tb]YY�WSVX]UV��
P P P �g�¡RSfQRXa�YUVQTZ�][�]WQVX�RS][T�]V[�[R]UV]cQ̂]aT�
P P P ¢g�� UTXUVc�]V[�fRSfSTQ[�Q]TQ\QVXT�

P P P £g�� UTXUVc�XSfScR]fba�]X����SR�¢�eSSX�WSVXS̀R�UVXQR�]YTZ�Q XQV[UVc�]�
\UVU\̀ \�Se�����eQQX�dQaSV[�XbQ�fRSfQRXa�YUVQ�SR�XbQ�YU\UXT�Se�
WSVTXR̀WXUSV�Ue�XbQ�fRS�QWX�cSQT�dQaSV[�fRSfQRXa�YUVQT�

P P P ¤g��]dQYQ[�YSW]XUSV�Se�]Va�Q UTXUVc�TXR̀WX̀RQT�SR�ba[RSYScUW�eQ]X̀RQT�
ÛXbUV�XbQ�\]ffUVc�dS̀V[]Ra�

P P P ¥g��YŜ�]RRŜT�

P P P ¦g��]dQYQ[�eYSS[fY]UV�[QYUVQ]XUSV�UVWỲ[UVc��SVXRSY��Q]T̀RQT�XS�[QYUVQ]XQ�
]V[�fRSXQWX�eYSS[fY]UV��Qgcg�WSVTXR̀WXUSV�eQVWQZ�WSVTXR̀WXUSV�\]R§QRTZ�
ÛRQ�d]W§Q[�TUYX�eQVWQ��

P P P g̈��SRXb�]RRŜ�]V[�TW]YQ�
P P P ©pyz{{|lk}~y�~l��y��ooyz{{o�nm�y��y�p�qy�yªq�

P P P «g��U\UXT�Se�WSVTXR̀WXUSV�QVWS\f]TTUVc�]YY�]RQ]T�Se�̂SR§�]WWQTT�fSUVXTZ�
TXSR]cQ�]V[�TX]cUVc�]RQ]TZ�dSRRŜ�]RQ]TZ�TXSW§fUYQTZ�WSVTXR̀WXUSV�
XR]UYQRZ�]V[�̀XUYUXa�XUQ�UV�YSW]XUSV�UV�SV�TUXQ�]V[�See�TUXQ�YSW]XUSVTg�

P P P ��g�uXRQ]\�WSRRU[SRT�]V[�SXbQR�RQTS̀RWQ�]RQ]T�XS�dQ�fRQTQR�Q[�]V[�]YY�
SXbQR�]RQ]T�S̀XTU[Q�XbQ�YU\UXT�Se�WSVTXR̀WXUSV�Tb]YY�dQ�YUcbXYa�Tb][Q[�XS�
WYQ]RYa�TbŜ�]RQ]�VSX�XS�dQ�[UTX̀RdQ[�
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P P P QQR�STUVWXTY�TZ�[WTU\]X̂_[̀�XYÛabXYc�WT][TX̂̀�Xd]TeW_b�Vcce_cVW_[̀�VYb�
_fU_[[�dVW_eXV̂�

P P P QgR�STUVWXTY�TZ�[WTeVc_�VYb�[WVcXYc�Ve_V[�ZTe�_haX]d_YẀ�_haX]d_YW�
dVXYW_YVYU_̀�Za_̂̀�̂aieXUVYẀ�Uj_dXUV̂�kVYb�TWj_e�dVW_eXV̂[l�VYb�mV[W_�
[WTeVc_�

P P P QnR�STUVWXTY�TZ�iTeeTm�Te�bX[]T[V̂�Ve_V[�
P P P QoR�STUVWXTY�TZ�W_d]TeVep�eTVb[̀�XYÛabXYc�jVâ�eTVb[�

P P P QqR�STUVWXTỲ�dV]�[pdiT̂̀�VYb�̂_WW_e�UV̂̂TaW[�TZ�V̂̂�XYXWXV̂�_eT[XTY�VYb�
[_bXd_YW�rTYWeT̂�s_V[ae_[�

P P P QtR�STUVWXTỲ�dV]�[pdiT̂̀�VYb�̂_WW_e�UV̂̂TaW[�TZ�u_jXÛ_�veVU\XYc�
rTYWeT̂k[l�kuvrl�

P P P QwR�STUVWXTỲ�dV]�[pdiT̂̀�VYb�̂_WW_e�UV̂̂TaW[�TZ�rTYUe_W_�xV[jTaW�ye_Vk[l�
krxyl�

P P P QzR�STUVWXTỲ�dV]�[pdiT̂̀�VYb�̂_WW_e�UV̂̂TaW[�TZ�b_bXUVW_b�V[]jV̂W�VYb�
UTYUe_W_�iVWUj�]̂VYW[R�

P P P Q{R�STUVWXTY[�TZ�TWj_e�Ve_V[�Te�T]_eVWXTY[�mj_e_�[]X̂̂[�UVY�TUUae�|�}_Z_e�
WT�rjV]W_e�Q~R�

P P P g~R�STUVWXTỲ�dV]�[pdiT̂̀�VYb�̂_WW_e�UV̂̂TaW[�ZTe�VYp�VYWXUX]VW_b�
�_mVW_eXYc�k�xl�VUWX�XWX_[R��TW_���_mVW_eXYc�TZ�ceTaYbmVW_e�X[�
UT�_e_b�ip��WVW_�]_edXW[R���=?�=LMKOO==?K>?L=>�AN>K��=?�AL?A�O�KNKN�?
�N�?�AM���KN�?�KO�?FO�O=�K>>J=�?�=LMKO>?

P P P gQR��YZTedVWXTY�WT�i_�[]_UXZX_b�ZTe�_VUj�rTYWeT̂�s_V[ae_̀�[aUj�V[�Wp]_�
VYb�bXd_Y[XTY[�V[�UV̂̂_b�ZTe�XY�rjV]W_e�QQ�TZ�Wj_����r�sVYaV̂R�

P P P ggR�vj_�ZT̂̂TmXYc�YTW_[��

P P P VR�y]]eT]eXVW_�rTYWeT̂�s_V[ae_[�da[W�i_�Xd]̂_d_YW_b�]eXTe�WT�Wj_�
[WVeW�TZ�̂VYb�bX[WaeiVYU_�VUWX�XWp̀�da[W�UTYWeT̂�]TW_YWXV̂�]T̂̂aWVYW[�
baeXYc�_VUj�]jV[_�TZ�UTY[WeaUWXTỲ�VYb�da[W�i_�UTYWXYa_b�WjeTacj�
ZXYV̂�[WViX̂X�VWXTYR�y]]eT]eXVW_�[WeaUWaeV̂�VYb�YTY�[WeaUWaeV̂�
rTYWeT̂�s_V[ae_[�da[W�i_�dVXYWVXY_b�XY�T]_eVWXTYV̂�UTYbXWXTYR�

P P P iR��__��WVYbVeb��TW_[�VYb��_WVX̂[�k�j__W�Ql�ZTe�̂_c_Yb�TZ�rTYWeT̂�
s_V[ae_[�YVd_[�VYb�[pdiT̂[R�

P P P UR�yYp�rTYWeT̂�s_V[ae_[�[jTmY�WjVW�e_haXe_�ceVbXYc̀�k_RcR�[_bXd_YW�
iV[XY[̀�[_bXd_YW�WeV][̀�UTYUe_W_�mV[jTaW�Ve_V[̀�_WURl̀�[jV̂̂�YTW�i_�
]̂VU_b�aYWX̂�VZW_e�Wj_�]e_�UTY[WeaUWXTY�d__WXYc�VYb�X[[aVYU_�TZ�Wj_�
���r�]_edXẀ�iaW�da[W�i_�Zâ̂p�ZaYUWXTYV̂�]eXTe�WT�VYp�̂Vec_�[UV̂_�
ceVbXYcR�vj_�XYXWXV̂�]̂VY�X̂̂a[WeVW_[�_fX[WXYc�UTYbXWXTY[R��T�
]eT]T[_b�XYZeV[WeaUWae_�X[�[jTmYR�

P

P P P �R���v�}�s����r��}yx����
vjX[�]̂VY�[j__W�[jTm[�rTYWeT̂�s_V[ae_[�WT�UTYWeT̂�ceVbXYc̀�_eT[XTY�VYb�[_bXd_YW�baeXYc�Wj_�XYXWXV̂�T�_e�
T̂W�ceVbXYc̀�[XW_�UTY[WeaUWXTY�VYb�[XW_�e_��_c_WVWXTY�]eTU_[[R�vj_��YW_eXd����r��̂VY�[jV̂̂�[jTm�V̂̂�Wj_�
XYZTedVWXTY�XYÛab_b�TY�Wj_��YXWXV̂����r��̂VỲ�V[�YTW_b�i_̂TmR�yW�V�dXYXdad̀�XW�[jV̂̂�UTYWVXY�Wj_�
ZT̂̂TmXYc�XYZTedVWXTY��
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<=>? @A? @BC? DEFG?H=IJKL=M=NO>?

P P P QR?ESK>OKNT?OAUATLVUWX?VNY?ZA[VOKAN?A\?VZZ?=SK>OKNT?=LA>KAN?VNY?
>=YKM=NO?GANOLAZ?]=V>JL=>?AN?>KO=̂?V>?>WA_N?AN?OW=?̀NKOKVZ?DEFG?
aZVN?>WVZZ?b=?>[L==N=YB>WVY=Y?bV[cR?

P P P de�fKM=N>KAN?VNY?IJVNOKOX?KN\ALMVOKAN?\AL?̀NKOKVZ?>OVT=?GANOLAZ?
]=V>JL=>?>WVZZ?NAO?b=?>WA_NR?

P P P ge�hijkl�mnok�ipj�hqrirst�uvwx�ytsq�zj{|j}i�~d��sq��~d��e�

P P P �e�yno}olj��io}o�ns}p��si����on�d�mooi�|oqio�n�rqijn�stl��lpo�rq��
jtj�siroql���rkjqlroql��to|siroql��sq��lto}j�om�stt�}no}olj���ns�rq��
�rip�mto��snno�le�

P P P �e���itrqjl�om�|�i�sq��mrtt�snjsle�w�kksn��om�|�i�sq��mrtt��ot�kjle�hm�
j{}oni�o||�nl��qoij�to|siroq��pjnj�j{}oni��rtt�tr�jt���j�insql}onij��
ioe�wj}snsij�|�i�mrtt�lpjji�rl�}jnkriis�tje�

P P P �e��o|siroq�om�stt�rqijnrk�jnolroq�sq��lj�rkjqi�xoqinot��jsl�njl�
�jlr�qj��rq�|oq��q|iroq��rip�ipj�}no}olj��lrij�io}o�ns}p��sq��
rk}tjkjqirq��ipj�xoqinot��jsl�njl�rqlisttj��rq�ipj�hqrirst�uvwx�ytsqe�

P P P �e��o|siroql�om�stt�rk}no�jkjqil���nsrqs�j�mjsi�njl�sq��ms|rtrirjl��sq��
oipjn�}jnksqjqi�mjsi�njl�io��j�|oqlin�|ij��rq�|oqqj|iroq��rip��on�sl�
s�}sni�om��ipj�}no}olj���on���}jn�s}}no�j��}tsi�on�tsq���lj�}tsqe�

P P P �e��pj�motto�rq��qoijl��

P P P se��}}no}nrsij�xoqinot��jsl�njl�k�li��j�rk}tjkjqij��}nron�io�ipj�
lisni�om�tsq���rli�n�sq|j�s|ir�ri���k�li�|oqinot�}oijqirst�}ott�isqil�
��nrq��js|p�}pslj�om�|oqlin�|iroq��sq��k�li��j�|oqirq�j��ipno��p�
mrqst�lis�rtr�siroqe��}}no}nrsij�lin�|i�nst�sq��qoq�lin�|i�nst�
xoqinot��jsl�njl�k�li��j�ksrqisrqj��rq�o}jnsiroqst�|oq�riroqe�

P P P �e�wjj�wisq�sn���oijl�sq���jisrtl�zwpjji����mon�tj�jq��om�qskjl�sq��
l�k�otle�

P P P |e�w|njjqj��lps�j���s|��xoqinot��jsl�njl��jnj�rqlisttj��rq�ipj�
hqrirst�lis�j�sq��lpstt��j�tjmi�rq�}ts|j�rq�ipj�hqijnrk�lis�j��qtjll�
oipjn�rlj�qoij�e�

P P P �e�xoqinot��jsl�njl��rq|t��rq��ljj�rq��sq��k�t|prq��om��rli�n�j��
snjsl��k�li��j�|ok}tjij���riprq�����s�l��rm�ipj�snjs��rtt�njksrq�
�q�rli�n�j��mon�s�}jnro���njsijn�ipsq�g���s�le�

P P P je��tt�}no}olj��lto}jl�oq�iprl�}tsq�ps�j�s�ks{rk�k�lto}j�om�g��e��q��
lto}jl��ji�jjq�g���sq�������rtt�nj��rnj�ipj��lj�om�jnolroq�|oqinot�
�tsq�jil�on�mtj{r�tj��no�ip�kj�r�k��sl�s}}no�j�����ipj�uvwx�
hql}j|ione�

P P P me�wjj�xoqlin�|iroq�ytsql�mon��jisrtl�om�}jnksqjqi��nsrqs�j�ms|rtrirjl�
l�|p�sl��jijqiroq�ms|rtrirjl���sijn���stri��ms|rtrirjl��|�t�jnil��lionk�
�nsrql��sq��rqtji�sq��o�itji�}noij|iroqe�

P P P �e�hm�lrij�n�qomm�jqijnl�ipj�}oli�|oqlin�|iroq�}jnksqjqi�xoqinot�
�jsl�njzl���lj�rkjqi�|oqiskrqsiroq�om�ipj�ksijnrstl�ks��njl�ti�rq�
ipj�}oli�|oqlin�|iroq�}jnksqjqi�xoqinot��jsl�njlzl��ps�rq��io�
�j�nj|oqlin�|ij��rq�ril�jqirnji�e�z�pjnj�s}}tr|s�tj���jko�st�om�
lj�rkjqi��slrq�oq�lrij�lpstt�oqt��o||�n�smijn�VZZ?snjsl�inr��isn��io�
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<=>? @A? @BC? DEFG?H=IJKL=M=NO>?

P P P QRS�TSUVWSXQ�YZTVX�RZ[S�YSSX�TQZYV\V]SÛ�_SẀ [Z\�WaTQ�YS�
Zbbc̀[SU�Yd�QRS�efgh�iXTbSjQ̀ĉ�

P

P P P f̂�kilmn�efgh�o_mpile�
qRVT�b\ZX�TRSSQ�TR̀rT�j̀XQc̀\T�s̀c�sVXZ\�j̀Wb\SQV̀X�̀s�QRS�TVQŜ�qRS�kVXZ\�efgh�t\ZX�TRZ\\�VXj\aUS�Z\\�
VXs̀cWZQV̀X�TR̀rX�̀X�QRS�iXVQVZ\�ZXU�iXQScVW�t\ZXTu�ZT�X̀QSU�YS\̀r̂�mQ�Z�WVXVWaWu�QRVT�b\ZX�TRSSQ�
TRZ\\�j̀XQZVX�QRS�s̀\\̀rVXv�VXs̀cWZQV̀Xw�

P P P x̂�fyVTQVXv�Q̀b̀vcZbRd�VX�ZcSZT�̀s�bc̀b̀TSU�j̀XQ̀acT�XSSU�X̀Q�YS�TR̀rX̂�

P P P ẑ�fyVTQVXv�iXVQVZ\�ZXU�iXQScVW�h̀XQc̀\�{SZTacST�TRZ\\�YS�TR̀rXu�
|>}L==N=~B>��~=~?��}���?oVWSXTV̀X�ZXU��aZXQVQd�VXs̀cWZQV̀X�TRZ\\�
X̀Q�YS�TR̀rX�s̀c�iXVQVZ\�ZXU�iXQScVW�h̀XQc̀\�{SZTacST�SyjSbQ�s̀c�
h̀XQc̀\�{SZTacST�Q̀�cSWZVX�UacVXv�sVXZ\�TQZYV\V]ZQV̀X̂�

P P P �̂�oVcSjQV̀XZ\�s\̀r�Zcc̀rT�̀X�Z\\�UcZVXZvS�sSZQacST̂�
P P P �̂�iQSWT�sc̀W�QRS�iXQScVW�efgh�t\ZX��SyjSbQ����ZXU����̂�

P P P �̂�nZYS\�Z\\�iXVQVZ\�̀c�iXQScVW�h̀XQc̀\�{SZTacST��Ŝv̂�ggmu��qhu�opu�SQĵ��
QRZQ�ZcS�Q̀�YS�cSẀ [SU�ZXU�ZXd�cSTa\QVXv�UVTQacYSU�ZcSZT�Q̀�YS�
TQZYV\V]SÛ�

P P P �̂�ǹjZQV̀X�̀s�Z\\�kVXZ\�Sc̀TV̀X�ZXU�TSUVWSXQ�h̀XQc̀\�{SZTacST��VXj\aUVXv�
TSSUVXv�ZXU�Wa\jRVXv�̀s�ZXd�ZcSZT�X̀Q�TQZYV\V]SU�VX�QRS�iXQScVW�t\ZX�u�
bScWZXSXQ�\ZXUTjZbVXvu�ZXU�ZXd�h̀XQc̀\�{SZTacST�XSjSTTZcd�Q̀�
WVXVWV]S�QRS�Ẁ [SWSXQ�̀s�TSUVWSXQ�̀ss�TVQS�aXQV\�bScWZXSXQ�
[SvSQZQV̀X�jZX�YS�STQZY\VTRSÛ�

P P P �̂�gR̀r�ZXU�\ZYS\�ZcSZT�̀s�T̀U�ZXU�bScWZXSXQ�\ZXUTjZbVXv�j\ZTTVsVjZQV̀XT�
bSc�Zbbc̀[SU�\ZXU�aTS�b\ZX̂�

P P P �̂�qRS�s̀\\̀rVXv�X̀QSTw�

P P P Ẑ�mbbc̀bcVZQS�h̀XQc̀\�{SZTacST�WaTQ�YS�VWb\SWSXQSU�bcV̀c�Q̀�QRS�
TQZcQ�̀s�\ZXU�UVTQacYZXjS�ZjQV[VQdu�WaTQ�j̀XQc̀\�b̀QSXQVZ\�b̀\\aQZXQT�
UacVXv�SZjR�bRZTS�̀s�j̀XTQcajQV̀Xu�ZXU�WaTQ�YS�j̀XQVXaSU�QRc̀avR�
sVXZ\�TQZYV\V]ZQV̀X̂�mbbc̀bcVZQS�TQcajQacZ\�ZXU�X̀X�TQcajQacZ\�
h̀XQc̀\�{SZTacST�WaTQ�YS�WZVXQZVXSU�VX�̀bScZQV̀XZ\�j̀XUVQV̀X̂�

P P P Ŷ�gSS�gQZXUZcU�l̀QST�ZXU�oSQZV\T��gRSSQ�x��s̀c�\SvSXU�̀s�XZWST�ZXU�
TdWỲ\T̂�

P P P ĵ�gjcSSXSU�TRZUSU�YZj��h̀XQc̀\�{SZTacST�rScS�VXTQZ\\SU�VX�QRS�
iXVQVZ\�̀c�iXQScVW�TQZvS�ZXUu�aX\STT�̀QRScrVTS�VXUVjZQSUu�TRZ\\�YS�
\SsQ�VX�b\ZjS�aXQV\�Zbbc̀[SU�Yd�QRS�efgh�iXTbSjQ̀ĉ�

P P P Û�m\\�iXQScVW�h̀XQc̀\�{SZTacSTu�VXj\aUVXv�TSSUVXv�ZXU�Wa\jRVXv�̀c�
UVTQacYSU�ZcSZTu�WaTQ�YS�j̀Wb\SQSU�rVQRVX�x��UZdT�Vs�QRS�ZcSZT�rV\\�
cSWZVX�aXUVTQacYSU�s̀c�Z�bScV̀U�vcSZQSc�QRZX����UZdT̂�

P P P Ŝ�m\\�bc̀b̀TSU�T\̀bST�̀X�QRVT�b\ZX�RZ[S�Z�WZyVWaW�T\̀bS�̀s��wx̂�mXd�
T\̀bST�YSQrSSX��wx�ZXU��wx�rV\\�cS�aVcS�QRS�aTS�̀s�Sc̀TV̀X�j̀XQc̀\�
Y\ZX�SQT�̀c�s\SyVY\S�vc̀rQR�WSUVaWu�ZT�Zbbc̀[SU�Yd�QRS�efgh�
iXTbSjQ̀c�

P P P ŝ�gSS�h̀XTQcajQV̀X�t\ZXT�s̀c�USQZV\T�̀s�bScWZXSXQ�UcZVXZvS�sZjV\VQVST�
TajR�ZT�USQSXQV̀X�sZjV\VQVSTu�rZQSc��aZ\VQd�sZjV\VQVSTu�ja\[ScQTu�TQ̀cW�
UcZVXTu�ZXU�VX\SQ�ZXU�̀aQ\SQ�bc̀QSjQV̀X̂�
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<=>? @A? @BC? DEFG?H=IJKL=M=NO>?

P P P QR�STTUVWXYTU�Z[�W\U�VZ]ŴTZY]W_̀TWaZY�VU_bXYUYW�cZYW_Zd�eUX]̀_U]�
fadd�YZW�ZTT̀_�̀YWad�Xdd�W_ag̀WX_h�X_UX]�WZ�W\U�VU_bXYUYW�cZYW_Zd�
eUX]̀_U]�X_U�[aYXd�]WXgadaiUjR�

P

P P P kR�lmnc�opSq�̂�nrSqsSts�qurmn�Sqs�smrSvpn�
S�TZVh�Z[�W\U�lmnc�odXY�̂�nWXYjX_j�qZWU]�XYj�sUWXad]�waYTd̀jUj�aY�SVVUYjax�ky�]\Xdd�gU�gZ̀Yj�aYWZ�
UXT\�]UW�Z[�lmnc�odXY]R�

�

�

�

1

naQYXẀ_U�Z[�sU]aQYU_�

X

X

Designer


