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1. Introduction 

This Final Drainage Report meets the El Paso County requirements.  Please note that the 

proposed project is a sand and gravel mine, not a commercial development or a subdivision: 

• No structures, residential or commercial development or associated infrastructures are 

proposed. 

• We provided a Landscape Plan, Grading and Erosion Control Plan and a Reclamation 

Plan which show the interim and final configuration of the site once mining and site 

reclamation are complete. No additional drainage controls will be installed other than 

those which are in the above-referenced documents. 

• We have provided a Grading and Erosion Control Plan Checklist with associated maps. 

These documents show the engineering designs for ditches, and berms which will be 

removed during site reclamation. 

• All post mining drainage will be internal to Stage I. The runoff into Stage I will infiltrate 

into the floor of the reclaimed mine pit. 

• No drainage will be mined through or receive additional stormwater runoff from 

reclaimed Stage I. 

 

2. General Location: 

1. City and County, and local streets within and adjacent to the subdivision: 

➢ Response to comment: 

✓ This is a mineral extraction operation and not a subdivision. The nearest 

municipality is Ellicott, Colorado. It is not adjacent to the proposed mineral 

extraction operation and lies to the north of the proposed operation. 

✓ The adjacent roads are Sanborn, and Baggett Roads, both rural dirt roads. 

✓ The proposed operation is in eastern El Paso County, about 1.65 miles south of 

Colorado State Highway 94 and about 1.5 miles east of Ellicott Highway. 

2. Township. Range, Section, ¼ section: 

Parts of the SW1/4NE1/4, SW1/4SE1/4 & NW1/4SE1/4, SECTION 29, T-14-S, R-62-W, 

6TH PM, El Paso County, Colorado, Containing 66.1 acres, more or less. 

3. Major drainage ways and existing facilities: 

➢ The major drainageways are Black Squirrel Creek and Big Springs Creek, both 

ephemeral drainages. Stage I is not involving Big Springs Creek. Stage I borders 

Black Squirrel Creek to the east. It will not negatively impact Black Squirrel Creek. 

➢ There are no existing facilities. 

4. Names of surrounding platted developments:    

➢ The only development we are aware of in the immediate vicinity is Antelope Acres 

No.2, zoned RR-5, west of Stage I. 
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3. Description of Property: 

1. Area in acres: 

➢ Stage I, 66.1 acres, more or less. 

 

2. Ground cover, (type of trees, shrubs, vegetation): 

➢ A mix of rangeland grasses, forbs, and shrubs. 

 

3. General topography: 

➢ Gently rolling topography with incised ephemeral drainages. 

 

Property 

Line 

Permit  

Boundary 
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4. General soil conditions: 

➢ The attached portion of the soils map shows the soil units in Stage I, map unit 95 

(Truckton loamy sand 1, to 9% slopes), map unit 78 (Sampson loam, 0 to 3 % slopes), 

and map unit 28 (Ellicott loamy coarse sand, 0 to 5% slopes).  

➢ Map Unit Description: 

✓ Map Unit 28:  

“The Ellicott component makes up 85 percent of the map unit (on the entire 

permit area). The slopes are 0 to 5 percent. This component is on stream terraces, 

flood plains. The parent material consists of sandy alluvium…The natural 

drainage class is somewhat excessively drained. Water movement in the most 

restrictive layer is high…This soil is frequently flooded. It is not ponded. There is 

no zone of water saturation within a depth of 72 inches…” (NRCS, Web Soil 

Survey, National Cooperative Soil Survey, 3/27/2018) 

✓ Properties and Qualities: 

“Runoff Class: very low 

Ksat: 5.95 to 19.98 in/hr. 

Available Water Storage in Profile: About 4.1 inches 

(NRCS, Web Soil Survey, National Cooperative Soil Survey, 3/27/2018) 

✓ Map Unit 78: 

“The Sampson component makes up 90 percent of the map unit (on the entire 

permit area). Slopes are 0 to 3 percent. This component is on alluvial fans, 

terraces, depressions. The parent material consists of alluvium…The natural 

drainage class is well drained. Water movement in the most restrictive layer is 

moderately high…This soil is not flooded. It is not ponded. There is no water 

saturation within a depth of 72 inches…” (NRCS, Web Soil Survey, National 

Cooperative Soil Survey, 3/27/2018) 

✓ Properties and Qualities: 

Runoff Class: Low 

Ksat: 0.60 to 2.00 in/hr. 

Available Water Storage in Profile: About 9.2 inches 

(NRCS, Web Soil Survey, National Cooperative Soil Survey, 3/27/2018) 

✓ Map Unit 95: 
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“The Truckton component makes up 85 percent of the map unit (on the entire 

permit area). Slopes are 1 to 9 percent. This component is on flats, uplands, hills. 

The parent material consists of arkosic alluvium derived from sedimentary rock 

and/or arkosic residuum weathered from sedimentary rock…The natural drainage 

class is well drained. Water movement in the restrictive layer is high…This soil is 

not flooded. It is not ponded…” 

✓ Properties and Qualities: 

Runoff Class: Low 

Ksat: 1.98 to 6.00 in/hr. 

(NRCS, Web Soil Survey, National Cooperative Soil Survey, 3/27/2018) 

 

 From NRCS, Web Soil Survey, National Cooperative Soil Survey, 3/27/2018. 
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5. Major drainageways: 

➢ Black Squirrel Creek 

➢ Big Springs Creek, and does not flow into Stage I. 

➢ Both ephemeral drainages 

6. Irrigation facilities: 

➢ No irrigation facilities in Stage I 

 

7. Utilities and other encumbrances: 

➢ At the south end of Stage I, between the permit boundary and Sanborn Road, within 

the Sanborn Road right-of -way are an overhead power line, and buried 

telephone/communications lines. (Please see the Ellicott Sand and Gravel LLC – Site 

Development Plan Stage I of 6 – Grading and Erosion Control Plans, Sheet 2.) 

 

4. Major Basin Descriptions: 

 

1. Reference should be made to major drainageway planning studies, such as drainage 

basin planning studies, flood hazard delineation reports, and flood insurance studies 

of maps if available: 

➢ Upper Black Squirrel Creek Basin Aquifer Recharge and Storage Evaluation, 

December 2008, Colorado Geological Survey, R. Topper, CPG 

➢ Geohydrology, Water Quality, and Preliminary Simulations of Ground-Water Flow of 

the Alluvial Aquifer in the Upper Black Squirrel Creek Basin, El Paso Colorado, D.R. 

Buckles and K. R. Watts, USGS, Water Resources Investigations Report 88-4017, 

1988. 

➢ Schubert Ranch Sand Resource Floodplain Modeling Technical Memorandum for 

Black Squirrel Creek, El Paso County, Colorado, EME Solutions, Inc., J.L. 

Jankousky. P.E., 02/25/2020. 

➢ Please see the Ellicott Sand and Gravel LLC – Site Development Plan Stage I of 6, 

Sheet 2. (The map delineates the 100-year flood plain, the Floodway line and the 

ordinary high-water line, 2019 which was submitted as part of the most recent packet 

of documents.) 

➢ Groundwater Quality, Age, and Susceptibility and Vulnerability to Nitrate 

Contamination with Linkages to Land Use and Groundwater Flow, Upper Black 

Squirre3l Creek Basin, Colorado, 2013, Scientific Investigations Report 2016-5020, 

USDA, USGS, TP Wellman and MG Rupert, 2016. (Sourced for “Major Basin 

Description) 

➢ Flood Insurance Rate Map (FIRM), Attachment 1. 

 

Daniel Torres
Callout
please state the drainage basins that the stage I development is in (Ellicott Consolidated drainage basin, Ellicott drainage basin, and Lower big springs creek drainage basin. Neither of these are studied basins. This should be stated. A description of the floodplain should be provided.
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2. A floodplain statement shall be provided indicating whether any portion of the 

development is in a designated floodplain as delineated on the current FEMA 

mapping: 

➢ No residential or commercial developments are planned.  The project consists of a 

sand and gravel mine.  There will be no structures associated with mining activities.  

There will be a portable scale and a portable scale house.  Mining will occur within 

the designated floodplain.  There will be no rise in water surface elevation due to the 

mining activities. 

➢ We received an approved Flood Plain Development Permit, 2/25/2020, Attachment 2. 

 

3. Major basin drainage characteristics: 

Geology (Note: the following information is derived from the USGS Scientific 

Investigations Report 2016-5020 as noted above. (Pages 5, and 17) Please refer to that 

report for listed author citations for the following information. 

➢ “Consolidated geologic deposits of the Upper Black Squirrel Creek Basin in 

ascending stratigraphic order include the Cretaceous Pierre Shale.  Fox Hills 

Sandstone, Laramie, and Arapahoe Formations, Cretaceous and Tertiary Denver 

Formation, and the Dawson Arkose, all of which are important aquifers (Buckles and 

Watts, 1988).” 

➢ “Unconsolidated alluvium and aeolian deposits of Quaternary age overlie the slightly 

dipping sedimentary rocks of Tertiary and Cretaceous age in the Upper Black Squirrel 

Creek Basin (Banta, 1989). The unconsolidated Quaternary deposits are the primary 

source of groundwater pumped by irrigation, municipal, and domestic wells in the 

study area.  They consist of modern flood-plain alluvium and Piney Creek alluvium 

along stream channels; reworked aeolian deposits of sand, silt, and loess; and older 

valley-fill alluvium.  Flood-plain alluvium along stream channels consists of less than 

4.5 m of poorly sorted clay, silt, sand, and gravel.  The Piney Creek alluvium of 

Holocene age ranges in thickness up to 4.5 m and consists of clayey and sandy silt 

and silty sand.  In some areas, the Piney Creek alluvium overlies aeolian deposits and, 

in the other areas, overlies valley-fill alluvium.  The aeolian deposits of Holocene age 

range in thickness up to 12 m and consist of fine to very course grained sand (Soister, 

1968).  The valley-fill alluvium of Pleistocene age ranges in thickness up to about 60 

m and consists of sand and gravel.  The consolidated water-bearing sandstones, and 

conglomerates, which intersect the unconsolidated Quaternary deposits and overlie 

the Pierre Shale.”  

“The geologic deposits are generally elongate in shape, often following creek 

drainages, and trend in a north-south to northwest-southeast direction.”  

“Classifications were defined as: (1) modern flood plain or Piney Creek deposits, (2) 

aeolian deposits, or (3) intermediate to late alluvium Louviers Alluvium, Slocum 

Alluvium, or Rocky Flats Alluvium).”   

eschoenheit
Text Box
Please include the FIRM flood map #  08041C0840G & 08041C0830G, effective on 12/7/2018 and include the flood zone designation type Zone AE.  

eschoenheit
Text Box
Flood Plan Permit is expired as of FEB 27, 2021. Please copy of new current permit.  
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“Modern flood plain or Piney Creek deposits were deposited mainly along the stream 

channels and near the northwest aquifer boundary. “ 

“As a general overview, major soil orders overlying the primary aquifer are alfisols, 

aridisols, entisols, and mollisols (fig. 9). The main soil order is a mollisol, which form 

a semiarid to semihumid areas, typically under a grassland cover, and are 

characterized by a thick, dark surface horizon with organic materials derived from 

plant roots (Soil Survey Staff, 1999).  The second most abundant soil is an entisol, 

which has no diagnostic horizons and is generally unaltered parent material, such as 

unconsolidated sediment or rock.  Remaining soils (aridisols and alfisols) are minor 

in spatial distribution and occur mainly to the south and in small, isolated areas to the 

north.  

“Areas with highest soil porosity are concentrated in the central part of the study area 

and to a lesser degree along stream channels to the northwest.  Soil clay content is an 

important factor controlling infiltration, commonly ranging from a few percent to 

more than 20 percent by weight (fig. 12).  Soils can possess greater porosity because 

of greater clay content, but also have lower permeability to water movement under 

saturated conditions.  Areas with moderate to high clay content are typically located 

in the central part of the study area, while areas with the highest clay components are 

usually located within 1 km of stream channels.  The soil is classified as generally 

well drained to excessively drained (fig. 13), although wetlands are present in small, 

isolated areas.  The majority of excessively drained soils reside in the southern part of 

the study area with somewhat excessively drained soils trending along a northwest-

southeast direction, mainly near stream channels to the west.”  

Hydrology 

➢ “Black Squirrel Creek is ephemeral and a tributary to Chico Creek located south of 

the study area.  Chico Creek is tributary to the Arkansas River (fig.1).  Streambeds are 

composed primarily of sand, which allows for rapid infiltration of water. Dry 

conditions persist during most times of the year.  Focused runoff generally infiltrates 

into the sandy streambeds and directly recharges the primary aquifer.  Occasionally, 

after intense precipitation, the available water exceeds infiltration capacity and 

surface water is discharged from the study area. Infiltration of precipitation and 

surface water is the main source of recharge to the groundwater and represents about 

93 percent of total recharge (Watts, 1995).  

 

4. Identification of all nearby irrigation facilities and other obstructions which could 

influence or be influenced by local drainage. 

➢ There are no nearby irrigation facilities. 

➢ The only obstruction we are aware of is Sanborn Road immediately to the south of 

Stage I. 

eschoenheit
Cloud+

eschoenheit
Cloud+
Discuss where the site discharges to and what magnitude. 
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5. Sub-Basin Descriptions: 

1. Discussion of historic drainage pattern of the property in question: 

➢ One historic ephemeral drainage runs along the northeast and east sides of Stage I. 

There are no other significant drainages, other than sheet flow within Stage I. 

2. Discussion of offsite drainage flow patterns and their impact on the development: 

Offsite drainage patterns will not impact the project.  Black Squirrel Creek is an ephemeral 

drainage located to the east and north of Phase I.  Under almost all conditions, Black Squirrel 

Creek will stay in its banks.  For the 100-year flood, Black Squirrel Creek leaves its bank and 

will encroach upon the project area.  Armoring will be placed in order to minimize erosion 

during the 100-year event.  The mine pit will temporarily flood, but will drain within a few days. 

 

6. Drainage Design Criteria 

1. Reference all criteria master plans, and technical information used for report 

preparation and design; any deviation from such material must be discussed and 

justified: 

➢ Please see “Major Basin Descriptions” Item 1 above for a list of such items. We 

supplied the information as reported and did our best to not deviate from what was 

presented in the documents. 

 

2. Discussion of previous drainage studies (i.e., PDR, drainage basin planning studies, 

master plans, flood insurance studies) for the site in question that influence or are 

influenced by the drainage design and how the studies affect drainage design for the 

site: 

There are no previous drainage studies for the site.  A Floodplain Modeling Technical 

Memorandum was prepared in 2020 (EME 2020) and a floodplain permit has been issued by 

the County. 

7. Four Step Process: 

1. Runoff reduction proposed: 

➢ Topsoil stockpiles will be stabilized (seeded) per the commitments made in our 

approved Colorado Mined Land Reclamation Division (CMLRD) permit application. 

➢ Silt fence as needed. Please see Map set PPR234-ESG-EGCP (5-11-23) for details. 

➢ Diversion of regulated stormwater runoff into the active and reclaimed Stage I pit. 

The runoff will then infiltrate into the floor of the Stage I pit. 

eschoenheit
Text Box
Discuss offsite basin from the westUpdate drainage maps with on and  offsite flows included in discussion.  

eschoenheit
Text Box
Discuss flows across Sanborn Rd and need for any culverts

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
Show location of SF on GEC Plans and/or add them as "TBD" or "as needed" to notes on GEC Plan. 

Daniel Torres
Callout
discuss any flows from the western residential subdivision that drain to this site. Discuss the western berm that is proposed in the GEC plan and analyze the redirection of flow.
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➢ Upon completion of Stage I mining, the slopes will be graded to 3H:1V or less, 

topsoil replaced, the area seeded, then mulch applied per our approved Colorado 

Mined Land Reclamation Division (CMLRD) permit application. 

➢ When reclamation is completed, Stage I will slope into the mined area to regulate 

stormwater runoff so it will flow into the active and reclaimed Stage I pit. The runoff 

will then infiltrate into the floor of the Stage I pit. 

 

2. Stabilization of drainage ways proposed/discussed: 

➢ Black Squirrel Creek (an ephemeral drainage) runs along the east side of Stage I. 

Following is the proposed bank protection plan from the approved CMLRD permit 

application. 

✓  

 

 

✓ Please see Map set PPR234-ESG-EGCP (5-11-23) for details. 

 

  

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
Discuss the need for water rights for retaining and infiltrating this runoff

Daniel Torres
Callout
As previously indicated by staff this material would not be allowed.
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3. Proposed Stormwater Quality Capture Volume (WQCV) proposed: 

➢ We estimate 100% of the regulated stormwater volume will be captured by the Stage I 

pit. It will then infiltrate into the floor of the pit, given its very high infiltration rate. 

 

4. Identify Best Management Practices (BMP’s) to be used to control industrial and 

commercial pollutants: 

➢ Please see Map set PPR234-ESG-EGCP (5-11-23) for details. 

➢ We have a Stormwater Management Plan. 

➢ We have an SPCC Plan. 

➢ The excavated and reclaimed pit will be able to hold up to 2010 acre-feet of runoff, if 

fully excavated.  This amount is greater than the storage necessary for WQCV and 

detention.   

8. Hydrologic Criteria: 

1. Identify design rainfall: 

The design rainfall was defined using NOAA Atlas 14, Volume 8, Version 2. 

2. Identify runoff calculation method: 

The Rational Method was used to calculate runoff.   

 

3. Identify design storm recurrence intervals: 

The Site was evaluated for the 5-year and 100-year rainfall events for conveyance of runoff.   

4. Identify detention discharge and storage calculation method: 

The site will be a mine pit.  The size of the mine pit is adequate to retain the entire volume of 

stormwater runoff.  The retained runoff will soak into the subsurface quickly because of the high 

infiltration rates of the soils and subsurface materials. 

5. Note ECM Appendix I Full Spectrum Detention (FSD) requirement: 

➢ This provision is not applicable. The site once reclaimed and during mining will 

function as a retention basin receiving regulated stormwater runoff. The floor and 

sides of the depression will allow for infiltration of regulated stormwater into the 

substrate. There will be no designed or constructed outlet structure. 

➢ Runoff volumes should not pond for more than 72 hours in the Stage I pit, given the 

high infiltration rates of the substrate.  

 

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
This statement is fine to leave. But also state that the site is excluded from WQ treatment because of the exclusion in ECM App I.7.1.B.6. And per that exclusion: Post-development surface conditions do not result in concentrated stormwater flow or surface water discharge during an 80th percentile stormwater runoff event, and the 80th percentile event must be infiltrated. Obviously confirm with any necessary calcs/data that this is true and include that info here too. 

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
Clarify that this "retention basin" will not be considered a Post-Construction PCM/PBMP because the site is excluded from needing both WQ treatment (Exclusion F on the PBMP Applicability Form) and detention (because there is no increase in flows from the pre-development to post-development conditions). 
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9. Drainage Facility Design – General Concept: 

1. Discussion of compliance with offsite runoff considerations: 

➢ All regulated Stormwater runoff will be captured by the Stage I pit during active 

mining, and through site reclamation. 

➢ No drainage facilities are proposed for Stage I. 

 

2. Discussion of anticipated and proposed drainage patterns: 

➢ We do not anticipate or propose any significant change to drainage patterns. Once 

Stage I begins, it will intercept precipitation which falls on the affected area and ends 

up on the floor of the Stage I pit. It will then infiltrate into the highly pervious pit 

floor and enter the ground water system. 

 

3. Discussion of the content of tables, charts, figures, plates of drawings presented in 

the report: 

 

The following tables, charts, and figures are presented in Appendix A: 

• FIRM 

• Floodplain Development Permit 

• Table 1.  Areas, Lengths, and Elevation Changes from Site Map 

• Table 2. Percent Impervious Calculations and Rational Method "C" Calculations 

• Table 3. Time of Concentration 

• Chart 1.  NOAA Atlas Data and Rainfall Intensity 

• Table 4. Rational Method Procedure -- 5-year Design Storm 

• Table 5. Rational Method Procedure -- 100-year Design Storm 

• Table 6. Required Cross-Sectional Areas for Channel Flow 

• Table 7.  Retention Basin Calculation 

 

10. Drainage Facility Design – Specific Details: 

1. Presentation of existing and proposed hydrologic conditions including approximate 

flow rates entering and exiting the subdivision with all necessary calculations: 

➢ This is not a subdivision or commercial development. 

➢ Given the mining plan, any stormwater runoff which enters the site will infiltrate into 

the highly permeable pit floor. 

eschoenheit
Text Box
Summarize and discuss the results of the analysis. 
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➢ Flow rates before and after the project implementation will be identical.  No increase 

in impervious area is planned. 

 

2. Presentation of approach to accommodate drainage impacts on existing or proposed 

improvements and facilities: 

➢ We will not significantly impact existing drainages which are ephemeral in nature. 

➢ No existing facilities exist. 

 

3. Presentation of proposed facilities with regard to alignment, material, and structure 

type: 

➢ No such facilities are planned. 

 

4. Discussion of drainage impact of site constraints such as streets, utilities, existing 

and proposed structures: 

➢ The only structures will be portable, such as a scale and scale house, and crusher and 

screen. 

➢ No new streets are planned. We plan on using the existing ranch road. 

➢ The only utility is a stub line to the scale and scale house. 

➢ Therefore, we do not anticipate any impacts to or from drainages. 

 

5. Environmental features and issues shall be if applicable: 

➢ We know of no environmental features or issues which would be applicable. 

 

6. Discussion of maintenance access and aspects of the design: 

➢ Maintenance access will be via the existing ranch road(s). These existing roads are of 

native material and will not be significantly upgraded. 

 

7. Discussion and analysis of existing and proposed downstream derange facilities and 

their ability to convey developed runoff from the proposed development: 

➢ Since all regulated stormwater runoff will be retained in the Stage I pit during its 

infiltration into the substrate, no downstream drainage facilities should be negatively 

impacted. 

8. Presentation of detention storage and outlet design (including reservoir routings) 

when applicable. Note that the Engineering Criteria Manual Appendix I requires 

Full Spectrum Detention. 

➢ There will be retention storage within the Stage I pit.  The outlet will be through the 

sides and floor of the remaining sandy/gravelly pit floor. 

eschoenheit
Text Box
Discuss impact to Sanborn Rd

Daniel Torres
Callout
please explain/Clarify how flow will exit through the sides of the pit
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9. Presentation of all hydrologic calculations including hydraulic grade line 

computations as appropriate. Recommended use of Mile High Flood District 

(MHFD/UDFCD) spreadsheets and calculations to properly meet this requirement, 

however other commonly used software may (be) acceptable. 

See the calculations presented in Appendix A. 

10. Presentation of an accurate, complete current estimate of cost of proposed facilities: 

➢ No facilities are proposed. 

➢ The cost of the reclaimed pit (which will act as a temporary detention pond) is the 

approved CDRMS reclamation bond. 

 

11. Presentation of all drainage basin fees and bridge fees for the property in question 

as applicable. 

➢ We know of no drainage basin fees or bridge fees for the property in question. 

 

11. Other Government Agency Requirements: 

1. Federal Emergency Management Agency (FEMA): 

➢ Our FEMA Permit is attached. 

 

2. Army Corps of Engineers (COE): 

➢ No Corp of Engineers requirements since no Waters of the US or wetlands will be 

impacted. 

 

3. Colorado State Engineer: 

➢ No well permit is needed since no ground water will be exposed. 

➢ No tributary ground water will be impacted. 

➢ From the Div. of Water Resources, 12/1/2021: 
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4. Colorado Water Conservation Board (CWCB): 

➢ As of the date of this document, no CWCB comments were provided. 

5. Others: 

➢ CDOT 12/14/2021: 
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➢ CDPW, 11/29/2021:
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➢ EPC Public Health, 7/8/2020: 

 

 

 

 

 



Final Drainage Report  Schubert Ranch Sand Resource Pit 

 Page 19 Schubert Final Drainage Report Rev0.docx 

 

➢ Colorado Geological Survey, about 7/29/32022: 
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12. Drawings 

Drawing Contents, two maps/plans are required, existing conditions & the proposed plans: 

1. General Location Map: A Map shall be provided in sufficient detail to identify 

drainage flows entering and leaving the development and general drainage patterns. 

The map should be at a scale of 1” = 50’ to 1” – 2000’.  The map shall identify any 

major construction (i.e., development, irrigation ditches, existing detention facilities, 

culverts, storm sewers, etc.) that shall influence or be influenced by the subdivision. 

 

2. Drainage Plan: Map(s) of the proposed development at a scale of 1” = 20’ to 1” – 

200’ shall be included to identify existing condition on or adjacent to the site in 

question. It shall include a minimum of: 

• Existing and proposed contours at 2 feet maximum intervals. For subdivisions 

involving rural lots greater than 1.0 acre, the maximum interval may be 5 feet 

where approved. In terrain greater than 10% the intervals should be 10-foot 

intervals. 

• Property lines and existing or proposed easements with purpose noted. 

• All streets.  

➢ Only existing ranch roads will be used. 

• Existing drainage facilities and structures, including irrigation ditches, roadside 

ditches, drainageways, gutters and culverts, all indicating flow direction. All 

pertinent information such as material, size, shape, and locations shall also be 

included. 

• Proposed type of street sections (i.e., vertical or ramp curb and gutters, roadside 

ditch, gutter flow and/or cross pans). 

➢ No proposed streets or other such structures or facilities are planned. 

• Proposed storm sewers and open drainageways, including inlets, manholes, 

culverts, and other appurtenances. 

➢ No storm sewers or other similar structures are planned. 

• Proposed outfalls point for runoff from the development area and facilities to 

convey flows to the final outfall point without damage to downstream properties. 

➢ There will be no designated outfall points or associated damage since all regulated 

stormwater runoff will be internal to the operation and will infiltrate into the pit 

floor. 

• Routing and summary of initial and major flow rates at various design points for 

all storm runoff associated with the property. 

• Path(s) chosen for computation of time of concentration. 

• Details of and design for computations for detention storage facilities including 

outlet. 
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• Locations and elevations of all defined 100-year floodplains affecting the 

property. 

• Location of all existing and proposed utilities affected by or affecting the 

drainage design. 
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PROPOSED CONDITIONS
1 Basin 1 2,319,035 53.24 0.0832 2529 0.48 320 2209 5874.0 5790.0 84.0 0.0332 5874.0 5810.0 64.0 0.2000 5810.0 5790.0 20.0 0.0091

Note: If no large slope difference between overland flow area and concentrated flow area, use overall slope value only.
Source:  Site AutoCAD drawings

Table 1.  Areas, Lengths, and Elevation Changes from Site Map
Schubert Ranch Sand Resource Pit Phase I

Final Drainage Report

The Site is evaluated as one basin.  Basin 1 flows to the pit.  There is a portion of the Site along the eastern edge that currently drains directly to Black Squirrel Creek.  See the site 
plan.  This drainage pattern will not change.  Water quality at this location will be protected by the installation of silt fence.

hydrology-Schubert-Ranch-Rev0-6-19-2023.xlsx  a2 Tbl2Basin dimensions
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Calculated by: John Jankousky Revision: 6/19/2023
Soil Hydrologic Group A
Land Use % Imp. C2 C5 C10 C100
Landscape Area* 2 0.00 0.01 0.01 0.13
Railroad Yard Area 40 0.25 0.27 0.28 0.46
Gravel, Packed Street 70 0.53 0.55 0.56 0.65
Light Industrial 80 0.63 0.64 0.66 0.73
Building/Roof Area 90 0.73 0.75 0.77 0.81
Pavement Area 100 0.84 0.86 0.87 0.89
Source: Urban Drainage Manual, Volume 1, Table 6.5
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PROPOSED CONDITIONS AFTER PROJECT IMPLEMENTATION
1 Basin 1 2,319,035 53.24 2,319,035 0 0 2.00 0.00 0.01 0.01 0.13

*  For "Landscape Area", assume 2% impervious

Schubert Ranch Sand Resource Pit Phase I
Final Drainage Report

Table 2. Percent Impervious Calculations and Rational Method "C" Calculations

hydrology-Schubert-Ranch-Rev0-6-19-2023.xlsx a3 %Imp
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Calculated by: John Jankousky Revision: 6/19/2023
tc = ti + tt Final tc Remarks

N
u

m
b

e
r Designation

Area, 
Ac C5

Overlan
d Flow 
Length, 

Ft.
Slope, 

% to, min*

Concen-
trated 
Flow 

Length, 
Ft. Slope, %

K 
Conveya

nce 
Factor

Velocity, 
FPS ** tt, min

Comp. tc, 
min

Total 
Length, 

Ft.

tc = 
(L/180) 

+10,     
min

Final tc,  
min

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

PROPOSED CONDITIONS AFTER PHASE I IMPLEMENTATION
1 Basin 1 53.24 0.01 320 20.00 13.2 2209 0.91 10.00 9.5 3.9 17.0 2529 24.1 17.0

* Calculated using formula:  ti = (0.395 * (1.1 - C5) * L^0.5) / (S^0.333) (Urban Drainage Manual, Equation 6-3)

Where:
t i = overland (initial) flow time (minutes)
C 5 = runoff coefficient for 5-year frequency (from Table 6-4)
L i = length of overland flow (ft)
S o = average slope along the overland flow path (ft/ft).

** For travel time velocity, channelized flow time equation 6-4: tt = Lt /60Vt

Table 3. Time of Concentration
Schubert Ranch Sand Resource Pit Phase I

Final Drainage Report

Sub-Basin Data Initial Overland Time (to) Travel Time (tt) tc Check (urbanized)

hydrology-Schubert-Ranch-Rev0-6-19-2023.xlsx tc
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Rainfall Amounts and Rainfall Intensity from NOAA Atlas

Ellicott Sand Phase 1
Latitude Longitude

38.79701 -104.356873

One-hour 
Rainfall 
(inches)

5 10 15 30
2-year
5-year 1.37 0.39 0.57 0.70 1.05
10-year
50-year
100-year 2.85 0.81 1.03 1.26 1.88

Minutes 5-year 100-year
5 0.39 0.81

10 0.57 1.03
15 0.70 1.26
30 1.05 1.88

Rainfall Intensity (inches/hour)
Minutes 5-year 100-year

5 4.70 9.73
10 3.44 6.18
15 2.80 5.04
30 2.10 3.76

Duration (minutes)

Rainfall Amount

Rainfall From NOAA Atlas

6/20/2023 hydrology-Schubert-Ranch-Rev0-6-19-2023.xlsx intensity-ellicott
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Rainfall Amounts (inches)
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Calculated by: John Jankousky Revision:
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22)

PROPOSED CONDITIONS AFTER PROJECT IMPLEMENTATION
1 1 Basin 1 53.24 0.01 17.0 0.53 2.70 1.4

PROPOSED FLOWS

Standard Form SF-2
Table 4. Rational Method Procedure -- 5-year Design Storm

DESIGN STORM:  5-YR

Schubert Ranch Sand Resource Pit Phase I
6/19/2023
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Calculated by: John Jankousky Revision:
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22)

PROPOSED CONDITIONS AFTER PROJECT IMPLEMENTATION
1 1 Basin 1 53.24 0.13 17.0 6.92 5.00 34.6

Standard Form SF-2
Table 5. Rational Method Procedure -- 100-year Design Storm

Schubert Ranch Sand Resource Pit Phase I

DESIGN STORM:  100-YR
PROPOSED FLOWS

6/19/2023
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Designer: John Jankousky
Revision: 6/19/2023

Description Shallow channel flow, Basin 1 Shallow channel flow, Basin 1
Flows Collected in Channel Basin 1 Basin 1 

Length of Channel (ft) 2209 2209
Change in Elevation (ft) 20.00 20.00
Slope, S (ft/ft) 0.0091 0.0091
Roughness Factor, n (dimension-less), 
for sandy swale 0.0180 0.0180

FLOW IN SMALL CHANNEL WEST OF BUILDING IN BASIN 1
Design Storm 5 year, 24 hour 100 year, 24 hour
Required Peak Flow (cfs) 1.44 34.60

Manning Formula Peak Flow (cfs) 1.45 36.08
Left Side Slope factor, Z (Z:1) 50.00 50.00
Right Side Slope factor, Z (Z:1) 50.00 50.00
Cross-sectional Area, A (ft2) 1.1 11.8
Wetted Perimeter, P (ft) 16.0 49.0
Hydraulic Radius, R (ft2/ft) 0.07 0.24
Slope, S (ft/ft) 0.009 0.009
Flow Depth, Y (ft) 0.10 0.43
Top Width, T (ft), without freeboard 16.0 49.0
Bottom Width, W (ft) 6 6
Flow Velocity, V (fps) 1.3 3.1
Hydraulic Mean Depth, D 0.07 0.24
Froude Number, F 0.89 1.09
Subcritical/Supercritical Subcritical Supercritical

Note: this is flow in a large mine pit, no freeboard needed
Total depth (ft) = 0.10 0.43
Top Width, T (ft) 16.00 49.00

Equations:
Slope, S = Change in Elevation / Length of Channel
Area, A = Z x Y2 + Y x W
Wetted Perimeter, P = 2 x Y x (1 + Z2)0.5 + W
Hydraulic Radius, R = A / P
Top Width, T = 2 x Z x Y + W
Flow, Q = (1.49 x A x R0.667 x S0.5) / n
Flow Velocity, V = Q / A
Bottom Width, W = initial assumption
Height, Y = trial and error input
Hydraulic Mean Depth, D = A / T
Froude Number, F = V / (g x D)0.5

  where: g = gravity acceleration = 32.2 ft/sec2

Source for Manning's n: Chow, 1959.  4. Excavated or Dredged Channels,  a. Earth, straight, and uniform,  
1. clean, recently completed

Table 6. Required Cross-Sectional Areas for Channel Flow
Schubert Ranch Sand Resource Pit Phase I

hydrology-Schubert-Ranch-Rev0-6-19-2023.xlsx  channel 1-Ellicott
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Reference tables for Manning's n values for Channels, Closed Conduits Flowing Partially Full, and 
Corrugated Metal Pipes.

Manning's n for Channels (Chow, 1959).

Show

Manning's n Values

Type of Channel and Description Minimum Normal Maximum

Natural streams - minor streams (top width at floodstage < 100 ft)

1. Main Channels

  a. clean, straight, full stage, no rifts or deep pools 0.025 0.030 0.033

  b. same as above, but more stones and weeds 0.030 0.035 0.040

  c. clean, winding, some pools and shoals 0.033 0.040 0.045

  d. same as above, but some weeds and stones 0.035 0.045 0.050

  e. same as above, lower stages, more ineffective 
  slopes and sections

0.040 0.048 0.055

  f. same as "d" with more stones 0.045 0.050 0.060

  g. sluggish reaches, weedy, deep pools 0.050 0.070 0.080

  h. very weedy reaches, deep pools, or floodways 
  with heavy stand of timber and underbrush

0.075 0.100 0.150

2. Mountain streams, no vegetation in channel, banks usually steep, trees and brush along 
banks submerged at high stages

  a. bottom: gravels, cobbles, and few boulders 0.030 0.040 0.050

  b. bottom: cobbles with large boulders 0.040 0.050 0.070

3. Floodplains 

  a. Pasture, no brush

  1.short grass 0.025 0.030 0.035

  2. high grass 0.030 0.035 0.050

   b. Cultivated areas

  1. no crop 0.020 0.030 0.040

  2. mature row crops 0.025 0.035 0.045

  3. mature field crops 0.030 0.040 0.050

    c. Brush

  1. scattered brush, heavy weeds 0.035 0.050 0.070

  2. light brush and trees, in winter 0.035 0.050 0.060

  3. light brush and trees, in summer 0.040 0.060 0.080

  4. medium to dense brush, in winter 0.045 0.070 0.110

  5. medium to dense brush, in summer 0.070 0.100 0.160

    d. Trees

  1. dense willows, summer, straight 0.110 0.150 0.200

Page 1 of 5Manning's n Values
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  2. cleared land with tree stumps, no sprouts 0.030 0.040 0.050
  3. same as above, but with heavy growth of 
sprouts

0.050 0.060 0.080

  4. heavy stand of timber, a few down trees, little 
  undergrowth, flood stage below branches

0.080 0.100 0.120

  5. same as 4. with flood stage reaching  branches 0.100 0.120 0.160

4. Excavated or Dredged Channels

a. Earth, straight, and uniform

 1. clean, recently completed 0.016 0.018 0.020

 2. clean, after weathering 0.018 0.022 0.025

 3. gravel, uniform section, clean 0.022 0.025 0.030

 4. with short grass, few weeds 0.022 0.027 0.033

b. Earth winding and sluggish

 1.  no vegetation 0.023 0.025 0.030

 2. grass, some weeds 0.025 0.030 0.033

 3. dense weeds or aquatic plants in deep channels 0.030 0.035 0.040

 4. earth bottom and rubble sides 0.028 0.030 0.035

 5. stony bottom and weedy banks 0.025 0.035 0.040

 6. cobble bottom and clean sides 0.030 0.040 0.050

c. Dragline-excavated or dredged

 1.  no vegetation 0.025 0.028 0.033

 2. light brush on banks 0.035 0.050 0.060

d. Rock cuts

 1. smooth and uniform 0.025 0.035 0.040

 2. jagged and irregular 0.035 0.040 0.050

e. Channels not maintained, weeds and brush uncut

  1. dense weeds, high as flow depth 0.050 0.080 0.120

  2. clean bottom, brush on sides 0.040 0.050 0.080

  3. same as above, highest stage of flow 0.045 0.070 0.110

  4. dense brush, high stage 0.080 0.100 0.140

5. Lined or Constructed Channels

a. Cement

 1.  neat surface 0.010 0.011 0.013

 2. mortar 0.011 0.013 0.015

b. Wood

 1. planed, untreated 0.010 0.012 0.014

 2.  planed, creosoted 0.011 0.012 0.015

 3. unplaned 0.011 0.013 0.015

 4. plank with battens 0.012 0.015 0.018

 5. lined with roofing paper 0.010 0.014 0.017

c. Concrete

  1. trowel finish 0.011 0.013 0.015

Page 2 of 5Manning's n Values
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Manning's n for Closed Conduits Flowing Partly Full  (Chow, 1959). 

  2. float finish 0.013 0.015 0.016

  3. finished, with gravel on bottom 0.015 0.017 0.020

  4. unfinished 0.014 0.017 0.020

  5. gunite, good section 0.016 0.019 0.023

  6. gunite, wavy section 0.018 0.022 0.025

  7. on good excavated rock 0.017 0.020

  8. on irregular excavated rock 0.022 0.027

d. Concrete bottom float finish with sides of:

  1. dressed stone in mortar 0.015 0.017 0.020

  2. random stone in mortar 0.017 0.020 0.024

  3. cement rubble masonry, plastered 0.016 0.020 0.024

  4. cement rubble masonry 0.020 0.025 0.030

  5. dry rubble or riprap 0.020 0.030 0.035

e. Gravel bottom with sides of:

  1. formed concrete 0.017 0.020 0.025

  2. random stone mortar 0.020 0.023 0.026

  3. dry rubble or riprap 0.023 0.033 0.036

f. Brick

  1. glazed 0.011 0.013 0.015

  2. in cement mortar 0.012 0.015 0.018

g. Masonry

  1. cemented rubble 0.017 0.025 0.030

  2. dry rubble 0.023 0.032 0.035

h. Dressed ashlar/stone paving 0.013 0.015 0.017

i. Asphalt

  1. smooth 0.013 0.013

  2. rough 0.016 0.016

j. Vegetal lining 0.030 0.500

Type of Conduit and Description Minimum Normal Maximum
1. Brass, smooth: 0.009 0.010 0.013
2. Steel:

Lockbar and welded 0.010 0.012 0.014
Riveted and spiral 0.013 0.016 0.017

3. Cast Iron:
Coated 0.010 0.013 0.014
Uncoated 0.011 0.014 0.016

4. Wrought Iron:
Black 0.012 0.014 0.015
Galvanized 0.013 0.016 0.017

5. Corrugated Metal:
Subdrain 0.017 0.019 0.021
Stormdrain 0.021 0.024 0.030

6. Cement:

Page 3 of 5Manning's n Values
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Manning's n for Corrugated Metal Pipe  (AISI, 1980).  

Neat Surface 0.010 0.011 0.013
Mortar 0.011 0.013 0.015

7. Concrete:
Culvert, straight and free of debris 0.010 0.011 0.013
Culvert with bends, connections, and some 
debris

0.011 0.013 0.014

Finished 0.011 0.012 0.014
Sewer with manholes, inlet, etc., straight 0.013 0.015 0.017
Unfinished, steel form 0.012 0.013 0.014
Unfinished, smooth wood form 0.012 0.014 0.016
Unfinished, rough wood form 0.015 0.017 0.020

8. Wood:
Stave 0.010 0.012 0.014
Laminated, treated 0.015 0.017 0.020

9. Clay:
Common drainage tile 0.011 0.013 0.017
Vitrified sewer 0.011 0.014 0.017
Vitrified sewer with manholes, inlet, etc. 0.013 0.015 0.017
Vitrified Subdrain with open joint 0.014 0.016 0.018

10. Brickwork:
Glazed 0.011 0.013 0.015
Lined with cement mortar 0.012 0.015 0.017
Sanitary sewers coated with sewage slime 
with bends and connections

0.012 0.013 0.016

Paved invert, sewer, smooth bottom 0.016 0.019 0.020
Rubble masonry, cemented 0.018 0.025 0.030

Type of Pipe, Diameter and Corrugation 
Dimension

n

  1. Annular 2.67 x 1/2 inch (all diameters) 0.024
  2. Helical 1.50 x 1/4 inch

8" diameter 0.012
10" diameter 0.014

  3. Helical 2.67 x 1/2 inch
12" diameter 0.011
18" diameter 0.014
24" diameter 0.016
36" diameter 0.019
48" diameter 0.020
60" diameter 0.021

  4. Annular 3x1 inch (all diameters) 0.027
  5. Helical 3x1 inch

48" diameter 0.023
54" diameter 0.023
60" diameter 0.024
66" diameter 0.025
72" diameter 0.026
78" diameter and larger 0.027

  6. Corrugations 6x2 inches
60" diameter 0.033
72" diameter 0.032
120" diameter 0.030
180" diameter 0.028
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Designer: John Jankousky
Revision: 6/19/2023

Basin 1 Area (ft2)
Depth of Rainfall for 
100-year, 24-hour 

Storm (inches)
Volume of Rainfall (ft3)

Volume of Available 

Storage (ft3)

2,319,035 4.34 838,718 87,555,600

Table 7.  Retention Basin Calculation
Schubert Ranch Sand Resource Pit Phase I

Volume of Rainfall = Basin Area x Depth of Rainfall
Volume of Rainfall will be greater than the volume of runoff (ignores infiltration) 
Comparing the Volume of Rainfall to the Volume of Available Storage is therefore conservative.
Depth of Rainfall for 100-year, 24-hour Storm (inches) from NOAA Atlas

The site will be a mine pit with sufficient volume to capture and retain 100% of any stormwater 
runoff.

Volume of Available Storage = The excavated and reclaimed pit will hold 2010 acre-feet 
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