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Weld County Drainage Code
Certificate of Compliance

Weld County Case Number:
Parcel Number: 072110000006

Legal Description, Section/Township/Range: _SE 1/4 of Sec. 10, T7ZN, R59W, 6th PM
Date: 12-13-2021

| Christopher Clark, PE | Consultant Engineer for Morning Gun Exploration (Applicant),

understand and acknowledge that the applicant is seeking land use approval of the case and parcel in the description above.
| have deS|gned or reV|ewed the design for the proposed land use set for in the application. | hereby cert|fy, on behalf of the

Engineer’'s Stamp:

Variance Request (If Applicable)

1. Describe the hardship for which the variance is being requested.

2. List the design criteria of the Weld County Code of which a variance is being requested.

3. Describe the proposed alternative with engineering rationale which supports the intent of the Weld County Code.
Demonstrate that granting of the variance will still adequately protect public health, safety, and general welfare and
that there are no adverse impacts from stormwater runoff to the public rights-of-way and/or offsite properties as a
result of the project.

Public Works Director/Designee Review (If Applicable)

Public Works Director/Designee Name Signature
Date of Signature ] Approved [ Denied
Comments:

Department of Public Works | Development Review
1111 H Street, Greeley, CO 80631 | Ph: 970-304-6496 | www.weldgov.com/departments/public_works/development_review

08/02/2019



Castor 7-59 10 Oil & Gas Well Pad Drainage Report

I. INTRODUCTION

The purpose of this report is to present the proposed storm drainage improvements for the Morning Gun
Exploration, Castor 7-59 10 Oil & Gas Well Pad Project. This project consists of the development of
infrastructure to support drilling and production operations for an oil & gas well site located in the SE 1/4 of
Section 10, Township 7 North , Range 59 West, 6t Principal Meridian. The proposed site developments are
expected to increase the impervious ground cover resulting in an increase in peak storm water runoff. This
report examines the undeveloped flow patterns of on- and off-site drainage basins and the proposed storm water
facilities designed to mitigate the downstream impact of increased storm water runoff. The contents of this report
are prepared in accordance with the Weld County Code for a Drainage Report.

II. GENERAL LOCATION AND DESCRIPTION

A. LOCATION AND EXISTING CONDITIONS

The project is located on a 160-acre parcel of land owned by Castor Lands, LLC. The project is approximately
0.6 miles west of the intersection of Weld County Road 115 and Weld County Road 82. A vicinity map is included
with this report in Appendix A. This parcel is zoned Agricultural and the existing land use is grazing land.

This site is located in a portion of the range land with a slope of 2% from the southeast to the northwest. The
site is located south of the S. Pawnee Creek drainage. The site is not within any FEMA flood plain. Drainage
plans depicting the on- and off- site drainage for the proposed drill site and the production site are included with
this report in Appendix B. The site is not within any mapped wetlands according to the current National Wetlands
Inventory.

B. PROPOSED DEVELOPMENT

The site is located within the Non-Urbanizing area of Weld County. The proposed development will include
construction of infrastructure to construct and oil and gas well site to support drilling and production operations
for oil and gas wells. The on-site drainage areas will be approximately 8.69 acres during the Drill Phase and
6.75 acres during the Production Phase of this project. A new access road will be constructed that connects to
Weld County Road 115. The proposed pad surface will be surfaced with gravel. A topsoil stockpile will be
located to the north of the pad.

On-site pad perimeter berms will be constructed to collect and detain on-site drainage within the pad area. The
detention pond was sized to detain the 100-year runoff volumes from the newly developed area and release the
stormwater at a flow rate equivalent to the 10-year historic (pre-development) runoff flow rate. The flow rate will
be managed by the use of a restrictor plate on the outlet pipe. An emergency spillway was sized to release the
100-year runoff flow rate. Off-site diversion ditches will be constructed to divert off-site drainage away from on-
site drainage areas.

The Drill Phase will be the initial phase of the project and remain until all the wells have been drilled and
completed. The Production Phase will be the final phase of the project and will include an “interim” reclamation
of the site to a smaller production facility that will remain for the duration of the life of the wells (20-30 years).
The interim reclaimed area around the new production pad will be returned to its natural grade and contour
(close to pre-development contour and vegetation) and any runoff from the reclaimed area will be diverted away
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from the proposed production pad.

As noted above, drainage plans depicting the on- and off-site drainage for the proposed drill site and the
proposed production site are included with this report in Appendix B.

III. DRAINAGE BASINS AND SUBBASINS

A. MAJOR BASIN DESCRIPTION

The project is located in rural Weld County and is surrounded by rangeland. The project does not lie in a 100-
year FEMA designated flood area. The site is in the FEMA designated Zone D, used for “Area of Undetermined
Flood Hazard” as derived from the Flood Insurance Rate Map (FIRM) Community Panel No. 08123C1400E.
A FIRMette is attached to this report in Appendix C.

According to the NRCS Web Soil Survey, the on- and off- site basins consist of approximately 100% Platner
Loam, 0 to 3 percent slopes. The Platner loam soil group consists of having a slow infiltration rate when
thoroughly wet. The hydrologic soil group type for this site is categorized as 100% ‘C’. A NRCS Web Soil
Survey report is included with this report in Appendix D.

B. OFF-SITE DRAINAGE BASINS

The off-site drainage basins will require diversion ditches and diversion berms to divert the off-site runoff to
the historic drainage basins to the west and east of the site. Off-Site Basin 1 (OS-1) is located to the south of
the site. Runoff from OS-1 will be diverted north and west by Off-Site Ditch-1 located on the west side of the
site. Off-Site Ditch-1 will end along the west side of the site and discharge to the northwest in the historical
drainage basin away from the site. Off-Site Basin 2 (0S-2) is located to the south of the site and encompasses
a small area tributary to the access road cut down to the pad. Runoff from OS-2 will flow onto the pad and is
planned to route through the on-site detention pond and flow over the spillway. Off-Site Basin 3 (OS-3) is
located to the southeast of the site. Runoff from OS-3 will be diverted north and east by Off-Site Ditch-2
located on the east side of the site. Off-Site Ditch-2 will end along the east side of the site and discharge to
the northeast in the historical drainage basin away from the site.

Peak runoff flows for the 5-year and 100-year storm events for the off-site drainage basins have been
calculated and are provided in the table below.

Table 1 - Off-site Drainage Basin Peak Runoff Flows.

Peak Flow Peak Flow
Basin ID Basin Size (Ac) 5-Yr (cfs) 100-Yr (cfs) Design Point
0S-1 4.45 1.6 10.7 2
0S-2 3.04 1.3 8.6 3
0S-3 11.41 4.5 29.9 4

The off-site drainage basins are shown on the drainage plans in Appendix B.
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IV. DRAINAGE DESIGN CRITERIA

This report is prepared in compliance with the Urban Storm Drainage Criteria Manual, Volumes 1, 2, and 3;
Weld County Code; and the Weld County Storm Drainage Criteria Addendum to the Urban Storm Drainage
Criteria Manuals Volumes 1, 2, and 3. Based on this criterion, a 100-year storm is used as the major storm
event and a 5-year storm is used as the minor storm event when evaluating existing and proposed drainage
facilities.

Runoff Calculations: For drainage basins less than 160 acres in area, the Rational Method was used to
calculate the stormwater runoff. The time of concentration for the basins was estimated using the methods
detailed within Urban Storm Drainage Criteria Manual, Volume 1, Ch. 5. Detailed hydrologic runoff calculations
and time of concentration calculations are included with this report in Appendix F.

Rainfall Data: Site rainfall depth information was obtained from the National Oceanic and Atmospheric
Administration (NOAA) Atlas 14, Volume 8, Version 2, Precipitation-Frequency Atlas of the United States
(2013). This data supersedes the default rainfall depth information provided in the Urban Storm Drainage
Criteria Manual. The current NOAA data was used for the determination of the point rainfall data. The NOAA
data formed the basis of the inflow-duration-frequency (IDF) calculations for other storm frequencies and
durations using Urban Drainage methods. Rainfall data is included with this report in Appendix E.

Pipe and Culvert Sizing: Site storm infrastructure capacities have been evaluated using Manning’s Equation.
The culverts on-site are sized to convey the 5-year storm event. Culverts in existing natural drainage channels
that intersect the proposed road are sized to convey the 100-year storm event. Additionally, the outlet pipe
from the detention pond is sized for a specific flow rate of the 10-year historic flow with the use of a restrictor
plate. Erosion control devices will be provided at all culvert and swale outlets to protect against downstream
erosion. Detailed hydraulic calculations for pipe and culvert sizing are included in this report in Appendix F.

Drainage Diversion Berm Sizing: Diversion berms will be used to divert the off-site runoff around the site
and to the historic drainage paths. Hydraulic capacities of the channel formed between berm and upstream
slopes have been evaluated using Manning's Equation. The channel capacities were calculated and checked
to verify that they will divert the 100-year runoff flows away from the site. All berms will have a minimum height
of 24” regardless of the calculated hydraulic depth. Detailed hydraulic calculations for diversion berms are
included with this report in Appendix F.

Drainage Channel Sizing: Drainage ditch capacities have been evaluated using Manning’s Equation. The
channels are sized to convey the 5-year storm event runoff flows and the 100-year runoff flows were calculated
and checked to verify that the combined perimeter ditch and berm will divert the 100-year runoff flows around
the pad area. All channels will have a minimum depth of 12" regardless of the calculated runoff flow rate.
Detailed hydraulic calculations for the drainage channels are included with this report in Appendix F.

Detention Pond Sizing: The detention pond volume has been determined using the UDFCD'’s Detention
Design — UD-Detention v2.34 spreadsheet. Detention Ponds are sized to detain the 100-year developed storm
event runoff from the site’s drainage basins (refer to the drainage plans in Appendix B). The detention pond
is configured to release no more than the 10-year historic flow at the points of analysis in accordance with
Weld County criteria. A minimum of one foot of freeboard will be provided for the detention pond. The required
water quality capture volume (WQCV) will be contained within the detention volume of the detention pond. An
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emergency spillway, in the form of a concrete weir and armored slope, is proposed to convey the 100-year
flow rate under a plugged orifice condition. Detailed detention pond calculations are included with this report
in Appendix G.

Water Quality Pond Sizing: The WQCYV for both the Drill Phase and the Production Phase was calculated
for this project. The WQCV will be contained within detention pond volume and released at the detention
pond'’s flow rate. Detailed WQCV calculations are included with this report in Appendix G.

V. DRAINAGE FACILITY DESIGN

A. ON-SITE DRAINAGE

The project's stormwater management will include using the proposed pad as a detention pond. Stormwater
management has been accounted for on both the Drill Phase and the Production Phase of this project. The
detention outfall and runoff conveyance structures constructed during the Drill Phase will be re-used and
modified for the Production Phase. Runoff flow rates and detention volumes have been re-calculated for the
Production Phase to ensure that the detention pond modifications will be adequate for the Production Phase.

The detention pond is sized to accommodate the 100-year runoff volumes from the newly developed area and
release the stormwater at a flow rate equivalent to the 10-year historic (pre-development) runoff flow rate of the
Production Phase area for consistency in outlet structure design. The flow rate will be managed by the use of a
restrictor plate on the outlet pipe.

The pad has been designed to route and detain runoff around the inside perimeter of the pad. The detained
runoff will outlet on the southeast side of the pad into the historic drainage basin to the southeast. Portions of
the pad around the well heads and the access road to the well heads will be raised above the 100-year storm
event to avoid wet and muddy pad conditions. A pad culvert will be placed at the intersection of the proposed
access road and the pad perimeter berm to equalize the 100-year detention under the raised access road.

The on-site improvements for both the Drill Phase and the Production Phase will be contained within a single
drainage basin ‘A’. The following table presents a summary of the on-site drainage basin calculations for each
phase.

Table 2 — On-Site Drainage Basin Calculations
Pre-Development  Post-Development

Peak Flow Peak Flow
Basin ID Basin Size (Ac) 10-YR (cfs) 100-YR (cfs) Design Point
A-Drill 8.69 5.6 15.4 1
A-Production 6.75 5.6 10.7 1

B. CONVEYANCE CALCULATIONS (HYDRAULIC CAPACITIES)

The conveyance structures will consist of diversion ditches and berms for the off-site basins. The off-site ditches
were sized to convey the 5-year storm event runoff flows and the 100-year runoff flows were checked to verify
that the pad berm will divert the 100-year runoff flows from the pad area. The hydraulic calculations for the
conveyance structures are included with this report in Appendix F. The geometric and hydraulic details are
shown in the table below.
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Ditch outlets will be armored with a rip-rap apron to dissipate energy and reduce erosion at the outfall locations.
Based on the flow and velocities from the culverts, the rip-rap will consist of a Type M rip-rap (Dso — 12"). The
aprons will be 6 feet wide (or to a horizontal plane at 2’ depth) by 6 feet long by 24” thick minimum. The rip-rap
aprons were sized according to Section 8.1.1 of the Urban Storm Drainage Criteria Manual, Volume 1 method.
Refer to the construction plans in Appendix H for apron locations and Appendix F for rip-rap calculations.

Table 3 - Conveyance Geometric and Hydraulic Details

Min. Peak Flow  Peak Flow  Design Flow
Conveyance Geometric Details  Slope (%)  5-Yr (cfs) 100-Yr (cfs)  Depth (ft)
Off-Site Ditch-1 3:1 V-Ditch 12°D Min. 0.25% 1.6 10.7 0.4
Off-Site Ditch-2 3:1 V-Ditch 12D Min. 0.25% 45 29.9 0.6

C. WATER QUALITY AND DETENTION

The proposed bermed perimeter and inside area of the pad will be the water quality feature and detention
structure for this project. As stated above, the pond was designed to route and detain the 100-year runoff and
release the 10-year historic (pre-development) runoff flow rate. For the detention pond’s weighted impervious
surface calculations, the pond area was included in the gravel pad area since these areas coincide for this
site. Water quality and detention were sized in accordance with the Urban Storm Drainage Criteria Manual,
Volume 1, 2, and 3.

Per Weld County requirements, the WQCV will be provided and included within the 100-year storage
requirement. The proposed WQCV drain time is 40 hours. The WQCV will be released with the developed
runoff flows at the 10-year historic (pre-development) runoff flow rate. The WQCV is included in the detention
pond volume for each phase. Detailed WQCV calculations are included with this report in Appendix G.

A detention pond summary for the Drill Phase and Production Phase is provided in the table below.
Table 4 - Detention Pond Summary

Drill Phase Detention Pond Calculations

Drainage Area (acres) 8.69
% Impervious of Drainage Area 56.8
Time of Concentration (minutes) 59

Water Quality Capture Volume (ac-ft) 0.284
Total Required Storage (ac-ft) 0.861
Total Storage (ac-ft) 3.226

Production Phase Detention Pond Calculations

Drainage Area (acres) 6.75
% Impervious of Drainage Area 54.0
Time of Concentration (minutes) 68

Water Quality Capture Volume (ac-ft) 0.213
Total Required Storage (ac-fi) 0.529
Total Storage (ac-ft) 1.571
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As discussed above, the detention outfall and runoff conveyance structures constructed during the Drill Phase
will be re-used and modified for the Production Phase of the project. The originally installed detention outfall
pipe and spillway structure was sized for a higher runoff flow rate and, once maintained, will be more than
adequate at a lower flow rate. A Production Phase outlet restrictor plate will replace the Drill Phase outlet
restrictor plate. The Production Phase outlet restrictor plate will ensure that the existing pond outfall pipe will
release at the allowed flow rate.

The Drill Phase and Production Phase detention pond calculations, including outfall design and emergency
spillway design, are included with this report in Appendix G. As required by C.R.S. 37-92-602(8), the detention
pond is required to drain 97% of its volume within 72 hours. The detention pond spreadsheet shows the Drill
Phase detention pond will drain in approximately 8.7 hours and the Production Phase detention pond will also
drain in approximately 5.5 hours at the allowed 10-year historic flow rate of 5.6 cfs (Production Phase area for
consistency in the outlet structure, respectively (reference detention pond calculations in Appendix G).

VI. DRAINAGE FACILITY MAINTENANCE

The drainage structures shall be maintained and inspected by the owner of the facility regularly. The detention
pond grades, pad culvert, pond outlet, and berms shall be maintained to ensure sediment, erosion, and debris
do not build up and hinder the designed function of these structures.

The following shall be ongoing inspection and maintenance items to be completed during the service life of
the project.

1. The outlet works and detention pad culvert shall be inspected, and cleared of any debris, sediment,
weeds, rock, etc. Inspections and maintenance should be addressed monthly at a minimum and
logged in an inspection and maintenance report.

2. The detention pond berms and spillway shall be maintained, and any erosion or damage repaired.
Keep grasses low and prevent the growth of native shrubs or noxious weeds. Maintenance may
include re-grading and compacting, mowing, and spraying the area with an herbicide. Inspections
and maintenance should be addressed monthly at a minimum and logged in an inspection and
maintenance report.

3. The detention pond area shall be inspected and maintained annually. Silt will accumulate in the pond
area especially around the perimeter of the pad and against the berms. This will reduce the pond’s
capacity and could prevent the outlet works from functioning properly. The pond area should be
cleaned from trash, debris, and silt buildup. Maintenance may include re-grading and compacting,
placement of additional gravel, and spraying the area with an herbicide. Inspections and maintenance
should be addressed annually at a minimum and after large storm events over the 1-year event. Itis
recommended that the annual maintenance be scheduled to take place after the spring runoff and
logged in an inspection and maintenance report.

4. All access road culverts shall be inspected and maintained and any debris from inlet and outlets
removed. Rip-rap aprons shall also be inspected and maintained of any erosion or sedimentation.
Inspections and maintenance should be addressed annually at a minimum and logged in an inspection
and maintenance report.

5. All diversion berms shall be inspected and maintained, and sedimentation, erosion, and debris
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addressed. Maintenance may include re-grading and compacting and revegetation. Inspections and
maintenance should be addressed annually at a minimum and logged in an inspection and
maintenance report.

A. SPECIAL MAINTENANCE INSTRUCTIONS

The owner shall make repairs to the pond, outlet works, pad culvert, spillway, berms, and any other drainage
structures if damage occurs. Inspection reports should be prepared and maintained with the owner of the
facility. The regular inspections and maintenance schedules above are a minimum and should be increased
if needed. During construction all drainage structures shall be inspected monthly and after every storm event.
If a 50-year or larger storm event occurs, the pond should be inspected following that storm event to ensure
that the pond and outlet works are functioning properly. If the pond is not completely drained within 70 hours
of any storm event, the pond shall be drained by either clearing obstructions from the outlet structure or
manually pumping the pond.

VII. CONCLUSION

This report was prepared in compliance with the Weld County Code and the Weld County Storm Drainage
Criteria Addendum to the Urban Storm Drainage Criteria Manual Volumes, 1, 2, and 3. The proposed drainage
system for the improvements to the Castor 7-59 10 Oil & Gas Well Pad project will provide detention for the
100-year storm event to meet the requirements of Weld County and will release flows at the 10-year historic
flow rate. Discharge points are as near to the historic flow paths as practical and are not expected to increase
or cause adverse impacts on downstream property owners.

This Drainage Report is being submitted to Weld County for review and approval.
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APPENDIX A — VICINITY MAP
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Hydrologic Soil Group—Weld County, Colorado, Northern Part

103° 57'40"W

SoiliMap may. noti be vallid at thisfscale: %
40° 34'54"'N
887730 587760 8587790
Map Scale: 1:1,390 if printed on A portrait (8.5" x 11") sheet.
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Hydrologic Soil Group—Weld County, Colorado, Northern Part

Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

54

Platner loam, 0 to 3 C 8.5
percent slopes

100.0%

Totals for Area of Interest 8.5

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when
thoroughly wet. These consist mainly of deep, well drained to excessively
drained sands or gravelly sands. These soils have a high rate of water
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well
drained soils that have moderately fine texture to moderately coarse texture.
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay
layer at or near the surface, and soils that are shallow over nearly impervious
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in
their natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified

100.0%

USDA  Natural Resources Web Soil Survey
== Conservation Service National Cooperative Soil Survey

12/2/2021
Page 3 of 4
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12/2/21, 4:29 PM

Precipitation Frequency Data Server

NOAA Atlas 14, Volume 8, Version 2

Location name: New Raymer, Colorado, USA*
Latitude: 40.5836°, Longitude: -103.9626° i

Elevation: 4963.89 ft**
* source: ESRI Maps
** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Deborah Martin, Sandra Pavlovic, Ishani Roy, Michael St. Laurent, Carl Trypaluk, Dale
Unruh, Michael Yekta, Geoffery Bonnin

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PE_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches/hour)1
. Average recurrence interval (years)
Duration
1 | 2 || s || 10 || 25 | 50 100 || 200 || 500 || 1000
5-min 3.20 3.86 5.08 6.19 7.88 9.31 10.9 12.5 14.9 16.9
(2.57-4.03) || (3.10-4.88) || (4.04-6.42) || (4.90-7.86) || (6.07-10.6) || (6.96-12.6) || (7.80-15.1) || (8.58-17.9) || (9.78-21.9) || (10.7-24.9)
10-min 2.35 2.83 3.71 4.53 5.77 6.82 7.95 9.18 10.9 12.4
(1.88-2.95) || (2.27-3.57) || (2.96-4.70) || (3.59-5.75) || (4.45-7.73) || (5.09-9.23) || (5.71-11.0) || (6.29-13.1) || (7.16-16.0) || (7.82-18.3)
15-min 1.91 2.30 3.02 3.68 4.69 5.54 6.46 7.46 8.89 10.1
(1.53-2.40) || (1.84-2.90) || (2.41-3.82) || (2.92-4.68) || (3.62-6.29) || (4.14-7.51) || (4.64-8.97) || (5.11-10.7) || (5.82-13.0) || (6.36-14.9)
30-min 1.34 1.61 210 2.55 3.24 3.83 4.46 5.14 6.13 6.92
(1.07-1.69) || (1.29-2.03) || (1.68-2.66) || (2.02-3.24) || (2.50-4.35) || (2.86-5.18) || (3.20-6.19) || (3.52-7.34) || (4.01-8.99) || (4.38-10.2)
60-min 0.813 0.996 1.32 1.62 2.07 2.44 2.84 3.28 3.89 4.39
0.652-1.02) || (0.798-1.26 1.06-1.67 1.28-2.06 1.59-2.77 1.82-3.30 2.04-3.94 2.24-4.67 2.55-5.70 2.78-6.48
2-hr 0.478 0.594 0.798 0.982 1.26 1.49 1.73 1.99 2.36 2.65
(0.386-0.596)((0.479-0.742) || (0.642-1.00) || (0.784-1.24) || (0.974-1.66) || (1.12-1.99) || (1.25-2.37) || (1.37-2.80) || (1.56-3.42) || (1.70-3.88)
3-hr 0.336 0.424 0.576 0.712 0.913 1.08 1.25 1.44 1.71 1.92
(0.273-0.417)((0.343-0.526)|((0.465-0.718)||(0.571-0.891) || (0.711-1.20) || (0.816-1.43) || (0.913-1.71) || (1.00-2.02) || (1.14-2.46) || (1.24-2.78)
6-hr 0.189 0.239 0.326 0.402 0.512 0.601 0.695 0.794 0.931 1.04
(0.155-0.232)|((0.196-0.295)|((0.265-0.402) ||(0.325-0.498) ||(0.401-0.663) ||(0.458-0.788) ||(0.510-0.934) || (0.556-1.10) || (0.625-1.32) || (0.678-1.49)
12-hr 0.112 0.136 0.178 0.214 0.269 0.313 0.359 0.409 0.478 0.533
(0.092-0.136)|[(0.112-0.166) |{(0.146-0.217)|(0.175-0.263) ||(0.212-0.345) ||(0.241-0.406) ||(0.266-0.478) ||(0.290-0.559) ||(0.325-0.671)||(0.351-0.757)
24-hr 0.067 0.078 0.098 0.116 0.143 0.166 0.190 0.216 0.252 0.281
(0.056-0.081)((0.065-0.094)|((0.081-0.119) ||(0.096-0.141)|(0.115-0.182) ||(0.129-0.213) ||(0.142-0.250) ||(0.155-0.292) ||(0.174-0.351) ||(0.188-0.395)
2-day 0.038 0.044 0.055 0.065 0.079 0.090 0.102 0.115 0.133 0.147
(0.032-0.046)((0.037-0.053)||(0.046-0.066) |(0.054-0.078) |(0.063-0.099) ||(0.071-0.114) ||(0.077-0.133) ||(0.083-0.153) ||(0.092-0.182) ||(0.099-0.204)
3-day 0.028 0.032 0.039 0.046 0.055 0.063 0.071 0.079 0.091 0.101
(0.023-0.033)((0.027-0.038)|((0.033-0.047)|(0.038-0.055) ||(0.045-0.068) ||(0.049-0.079) ||(0.054-0.091) ||(0.058-0.105) ||(0.064-0.124) ||(0.068-0.139)
4-da 0.022 0.025 0.031 0.036 0.043 0.049 0.055 0.061 0.070 0.077
Y (0.019-0.026)((0.021-0.030)|{(0.026-0.037) |(0.030-0.043) ||(0.035-0.053) ||(0.039-0.061) ||(0.042-0.070) ||(0.045-0.081) ||(0.049-0.095) ||(0.053-0.106)
7-day 0.014 0.017 0.020 0.023 0.027 0.031 0.034 0.037 0.042 0.046
(0.012-0.017)[(0.014-0.019)|((0.017-0.024)|(0.019-0.027) |(0.022-0.033) ||(0.024-0.038) ||(0.026-0.043) ||(0.028-0.049) ||(0.030-0.056) ||(0.032-0.062)
10-da 0.011 0.013 0.016 0.018 0.021 0.023 0.026 0.028 0.031 0.034
y (0.010-0.013)((0.011-0.015) |{(0.013-0.018)|(0.015-0.021) ||(0.017-0.025) ||(0.019-0.029) ||(0.020-0.032) ||(0.021-0.036) ||(0.022-0.041) ||(0.023-0.045)
20-da 0.007 0.008 0.010 0.011 0.013 0.014 0.016 0.017 0.019 0.020
Yy (0.006-0.009)((0.007-0.010)|{(0.009-0.012)|(0.010-0.013)|(0.011-0.016) ||(0.012-0.017) ||(0.012-0.019) {|(0.013-0.022) ||(0.013-0.024) ||(0.014-0.026)
30-day 0.006 0.007 0.008 0.009 0.010 0.011 0.012 0.013 0.014 0.015
(0.005-0.007)((0.006-0.008)|{(0.007-0.009) |(0.008-0.010) |(0.008-0.012) ||(0.009-0.013) ||(0.010-0.015) {|(0.010-0.016) ||(0.010-0.018) || (0.011-0.020)
45-da 0.005 0.005 0.006 0.007 0.008 0.009 0.010 0.010 0.011 0.012
Yy (0.004-0.005)((0.005-0.0086)||(0.006-0.007) |(0.006-0.008) |(0.007-0.010) ||(0.007-0.011) ||(0.008-0.012) |(0.008-0.013) ||(0.008-0.014)||(0.008-0.015)
60-da 0.004 0.005 0.006 0.006 0.007 0.008 0.008 0.009 0.009 0.010
Yy (0.004-0.005) |{(0.004-0.005)||(0.005-0.006) |(0.005-0.007) ||(0.006-0.008) ||(0.006-0.009) ||(0.007-0.010) {|(0.007-0.011) ||(0.007-0.012)||(0.007-0.013)
1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a
given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.

Back to Top

PF graphical

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=40.5836&lon=-103.9626&data=intensity&units=english&series=pds
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Precipitation Frequency Data Server

PD5S-based intensity-duration-frequency (IDF) curves
Latitude: 40.5836°, Longitude: -103 9626°
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Maps & aerials

Small scale terrain

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=40.5836&lon=-103.9626&data=intensity&units=english&series=pds
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Large scale terrain

Large scale map

5 SR

-,

Large scale aerial

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=40.5836&lon=-103.9626 &data=intensity&units=english&series=pds 3/4
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Precipitation Frequency Data Server

Fort Collins
s -

Greeley,
.

Longmont
» ]

o Boulder

Denver

100km
: 60mi

Back to Top

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=40.5836&lon=-103.9626&data=intensity&units=english&series=pds

US Department of Commerce
National Oceanic and Atmospheric Administration
National Weather Service
National Water Center
1325 East West Highway
Silver Spring, MD 20910
Questions?: HDSC.Questions@noaa.gov

Disclaimer
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Castor 7-59 10 Oil & Gas Well Pad

Drainage Report

APPENDIX F — RUNOFF CALCULATIONS

1. Drainage Basin Runoff Calculations
2. Conveyance Hydraulic Calculations

December 14, 2020



1 o8eq

Jjouny (9 uonosg - T [0A INDASN

06'81  :[eIOL
%000 000
%000 00'0
%000 00°0
%000 000
%000 00°0
%000 000
%000 00°0
%000 00'0
%000 00°0
%000 00'0
%000 00°0
%00'T 1711 1511 €-SO
%00'C $0°€ $0°€ 7-SO
%00'T Sty Sty 1-SO
%000 00'0
anduy |oy) eay| GV)vary [ (V) vary (V) eary Gv)eary | Qy)eary | Qv) eaay [ Qv) waay [ (V) eaay [ (V) eaay | (V) eaay (V) vary (V) vary (V) eary uisegq
JUNRJ 1810,
%C %001 %01 %0C %06 %06 %06 %SL %01 %001 %St %T %C snotazoduy %
surdedspue| | eaxy puogq syaed SV S'T-SL°0 sjooy sY[eMapIS | sAemaaniq syeydsy PACI) pased (paund( J0N 3sn puery) [eIN)NILISY SIsA[euy
/sadogs ‘Y 9Ja.0U0) PIPAY SISA[eUE MO[J IS-JJO ‘S)PqUIIID) MO[ dLI0)SIH
[IEViLe} Aqureg-d[3urg
/suLRg
*DSIIN seaay padopadaq §)32.1)S seaay padopadpun
sonjv| ssousnotatoduy W €79 21901 - [ 194 ADAAN
sonjv,| ssaus; % £-C 21qv] DMAILLD UoUINSUOD) Y SutidaurSuzg Guno) plam
SNOLLVTINDTVD HOVAUNS SNOIAYAJNT AALHOTIM
120251721 HWVYLNIN

Yoot




7 93eq

Jouny] (9 uonosg - [ [0A NOASN

1coz/si/et

(0av¥0T0D) T TTOA TYANVIA VIIALRID OVNIVIA WIOLS NVEIN NI 4 TIV.LAA SV AOHLAN

SSANSNOIAYAJINT AFHSYALVA SOSHHA INAIDIHATOD AAONNY dALHDIIM

%001 000 050 sT0 SIo ¥0°0 90 170 110 airtop
- - - - 0070 000 Se0 Sro 80°0 w00 - - - a 000 %00°0
000 020 S0°0 000 000 €0 L10 600 Y
%001 000 050 sT0 SI'o ¥0°0 90 170 110 airop
- - - - 0070 000 Se0 S1ro 80°0 w00 - - - a 000 %00°0
000 020 S0°0 000 000 €0 L10 600 Vv
%001 000 050 sT0 SIo 00 90 170 110 airop
- - - - 0070 000 Se0 Sro 80°0 w00 - - - a 000 %00°0
000 020 S0°0 000 000 €0 L10 600 Y
%001 000 050 sT0 SIo 00 90 170 110 airop
- - - - 0070 000 Se0 Sro 80°0 w00 - - - d 000 %00°0
000 020 S0°0 000 000 €0 L10 600 Y
%001 000 0s°0 sT0 SI'o ¥0°0 90 170 110 airop
- - - - 00°0 000 Se0 Sro 80°0 w00 - - - a 000 %00°0
000 020 S0°0 000 000 €0 L10 600 Y
%001 000 050 sT0 SIo ¥0°0 90 170 110 airtop
- - - - 0070 000 Se0 SIo 80°0 w00 - - - a 000 %00°0
000 020 S0°0 000 000 €0 L10 600 Y
%001 000 050 $T0 SIo ¥0°0 90 170 110 airop
- - - - 0070 000 Se0 Sro 80°0 w00 - - - a 000 %00°0
000 020 S0°0 000 000 €0 JAN(] 600 Y
%001 000 050 sT0 SI'o 00 90 170 110 airtop
- - - - 00°0 000 Se0 Sro 80°0 w00 - - - a 000 %00°0
000 020 S0°0 000 000 €0 L10 600 Y
%001 000 050 sT0 SIo ¥0°0 90 170 110 airop
- - - - 00°0 000 Se0 SIo 80°0 w00 - - - d 000 %00°0
000 020 S0°0 000 000 €0 L10 600 Y
%001 000 0s°0 STo Sro ¥0°0 9%°0 10 1o alop
- - - - 000 000 se0 SIo 0ro SO0 - - - q 000 %000
000 020 00 00 €00 €0 L1O 600 Vv
%001 000 0s°0 sTo SIo ¥0°0 9%°0 10 170 alop
- - - - 000 000 se0 SIo 80°0 w00 - - - q 000 %000
000 020 00 000 000 €0 L10O 600 v
%001 AN 10 970 91’0 90°0 Y0 10 170 alop
1570 9T°0 91’0 90°0 [N 000 9¢0 L10 80°0 €00 - - - q 00 %00°C £SO
000 220 L00 000 000 €0 L10O 600 v
%001 ¥0°€ 10 970 91’0 90°0 S¥'0 10 1o alop
1570 90 910 900 0°¢ 000 9¢0 L10 80°0 €00 - - - q 00 %00°C ¢SO
000 20 L00 000 000 €0 L1O 600 v
%001 Sty 10 970 91’0 90°0 Y0 10 1o alop
1570 9T°0 91’0 900 Sty 000 9¢0 L10 80°0 €00 - - - q 00 %00°C 1-SO
000 20 L00 000 000 €0 L10O 600 Vv
%001 000 0S°0 STo Sro ¥0°0 9%°0 10 170 alop
- - - - 000 000 se0 S0 80°0 w00 - - - q 000 %000
000 020 00 000 000 €0 L1O 600 v
% 183X-001 183X-01 189 X-G 1RO A-7 V) (OV)  [aeax-001 [ 1eax-o1 | woa-c | 1wox-z [1eax-001 [ 1wox-01 | 1eax-¢ [ odkLrios ! “Aadu o ar wseg
adK ] 10§ D ‘SIUAIDIJO0)) JJouny pajySiop BOIV [BIOL | BV Ulseq D ‘SIUAIDIF0)) Jjouny Ay 79 V[ ‘810308, UOI}OALIO))
spios (@ odA [, pue O od£ 1, 10§ 10308) UONOALIO)) = O3]
9%'0 + 16€°0- | 1T0+ 181°0- [ 110+ 01°0- 000 aitop S[10s 7 2d£ 1, 10§ 10308] UO10ALI0) = V]
CE0+ 16T0- [LT°0+ 1°0- | 60°0 + 180°0 00°0 \ [ewIodp € se passardxa o 1/ssousnorasaduwr o — 7
1224-001 1A-01 Te24-¢ woA-g  |2dAL 08 (L-0¥) (FO°0+ HLLO+ 198L°0 - (1858°0) + 973 = ©0D
POLIdJ WINOY W0IS (PO +Y0) =%
@23 7 V3 S10308,] UO1OALIOD) (9-0) 0 ="D IS0 0 =10 < VD I0F (Z1°0 - ISET'T + ¥ 1 - JIE€D) + V=YD

ONIAZIAMNS ANYT S ONIHIINIONT

HWVLNIN
gt




¢ o98eg Joumny (°9 uonoag - [ [0A INOASN

0| 001 00t 0001 01 001 01 00¢€ - 000 S1
S0l ool 00 00701 01 001 01 00¢€ - 000 Pl
0| 001 00 0001 0’1 001 01 00¢€ - 000 €1
S0l ool 00 00701 01 001 01 00¢€ - 000 1
0| 001 00t 0001 01 001 01 00¢€ - 000 11
S0l ool 00 00701 01 001 01 00¢€ - 000 01
0| 001 00t 0001 01 001 01 00¢€ - 000 6
S0l ool 009 00701 01 001 01 00S - 000 8
S0l ool 009 00701 01 001 01 00S - 000 L
0| 001 009 0001 01 001 01 00S - 000 9
S0l ool 009 00701 01 001 01 00S - 000 S
So| TeT T 0€T1 LT 89 L1 00701 Te 0€L 8'sT T 00S 91°0 1711 €S0 v
N0l €0 €07 $06 L'LT 9t L'l 00°L vy SOy (434 Ay 00S 91°0 v0'€ 7-SO €
So| 692 6'9C $861 9°6¢ S11 LS'T 00701 $T 801 1'8C $T 00S 91°0 Sty 1-SO z
(e} 00$ 00701 001 0 01 00S - 000 1

(puepar0) [(Ww) O)Lf (o) | wiuop | (@)1 dwop | (uw) | (sdy) oD [ edos| ) ww (DL [(%)odois| () [55) (o) vary urseg ofeuteI( uog

3uo] [eurq G-9 ubg 1e10L 0L Kofep | 3ge0D qSuo SuoT ugIsa(
MOL 21D Q)L UBqIN-UON ()L s, [oAeL], (1)L SwiL L, pueRAQ/[EIIU] ele(] uIsed-qng
uiseq poziueqin) -9 ubq - ueqin-uoN ¢-9 ubg - ueqin-uoN

UBQI)-UON (UBQI)-UON .10 UBQ.I() UISEq Y} S|

00°0¢ Iapnn MO[[eYS 29 BTV paAed 0001 punoin dreg A[1eoN 00°S PIOLI/A8eIL
00°ST KemIoJEA\ Passeln 00°L SUMET 29 INSe SSEID) JI0YS 0S¢ MOPEBIIA] KABOH
3] ‘510398, IUBAIAUOD) SOUYN

(0avI0T0D) T "TOA TYANVIN VIIALIED OVNIVIA WIOLS NVEIN NI AITIV1ad SV OHLAN
NOILVYINIONOD 40 AWIL
-4S W04 QUVANV.LS I

120T/S1/Cl I<-Fz—3
gt




 98eg Jouny ('9 uondsg - 1 [0A INOASN

- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
Sy 0¥'c 98°1 cee 91°0 18! £SO
€1 8¢°C 050 £0C 91°0 ¥0°¢ ¢SO
91 0T'c €L°0 6'9¢ 91°0 Sty 1-SO
- 00°0

S = & o0 < N
B T T

AN Nt n O >~ 0 O

—

SAVINTY (sp) (ay/ur) VXD (urur) (sp) (ay/ur) VXD (uru) R0 (oV) vary urseq dgeurel] urog
0 I wng ()L 0 I ()L Jjouny udisa(q
AJONMI TV.LOL JAONNY LOFAIA NOLLVINMOANI NISVE

AD2J ¢ [ULLOIS UBISI(]

_ Ayl 7E°T = (4y-T) Louanba.i,f-uoyvinq-yrdaq pfurvy 45-¢ _

(0AVIOTOD) 1 "TOA TYANVIA VIIALIMD ADOVNIVIA IWIOLS NVEIN NI 4 TIVLAd SV AOHLAW
QOHLAN TYNOLLVY - JIONNY YA-S
€-4S IWJO4 QUVANVLS o

120T/S1/T1 I<Pz-3
gt




G o%eg Jouny ('9 uondsg - 1 [0A INOASN

- 000 Sl
- 000 vl
- 000 €1
- 000 4!
- 000 I
- 000 01
- 000 6
- 000 8
- 000 L
- 000 9
- 000 S
6'6C 91's 6L'S Tee 150 P11 €S0 4
9'8 S Sl €0t 150 v0'€ SO €
L0l YLy 97T 6'9C 150 Sty 1-SO z
- 000 I
SYAVINTY (s30) (ay/ur) VXD (ur) (s30) (ag/ur) VXD (urur) o0 (o) eary urseg] d5eureI( wrod
0 I wng ()L 0 I (o)L Jyouny ugisaq
AIONNY TV.LOL AIONNY LOHAIA NOLLYIWYOANI NISVE
AD2L (0]  Cud0]S uS1sa(]

| AUl 97 = (4y-[) douanba.i,-uonpng-y1daq ufurvy 1£-001 |

(0AVIOTOD) 1 "TOA TYANVIA VIIALIMD ADOVNIVIA IWIOLS NVEIN NI 4 TIVLAd SV AOHLAW
AOHLAN TYNOLLVY - A1ONNY YA-001
€-4S IWJO4 QUVANVLS o

120T/S1/T1 I<Pz-3
gt




Worksheet for Off-Site Ditch-1 (5-Yr)_2ft FB

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

Manning Formula

Normal Depth

0.020
0.25000
2.00
2.00
2.00
1.60

0.37
1.01
3.65
0.28
3.48
0.25
0.01037
1.58
0.04
0.41
0.52

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.37

0.25

0.25000

%

fi/ft (H:V)
fi/ft (H:V)
ft

ft¥/s

ft/ft
ft/s
ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
%

12/13/2021 12:06:11 PM

Bentley Systems, Inc. Haestad Methods SoBdidle ¢ EhderMaster V8i (SELECTseries 1) [08.11.01.03]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666
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Worksheet for Off-Site Ditch-1 (5-Yr)_2ft FB

GVF Output Data

Critical Slope 0.01037  ft/ft

Bentley Systems, Inc. Haestad Methods SoBdidle ¢ EhderMaster V8i (SELECTseries 1) [08.11.01.03]
12/13/2021 12:06:11 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for Off-Site Ditch-1 (100-Yr)_2ft FB

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.020
Channel Slope 0.25000 %
Left Side Slope 2.00 ft/ft (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 2.00 ft
Discharge 10.70 ft3/s
Results

Normal Depth 1.00 ft
Flow Area 3.98 ft?
Wetted Perimeter 6.46 ft
Hydraulic Radius 0.62 ft
Top Width 5.98 ft
Critical Depth 0.75 ft
Critical Slope 0.00792 ft/ft
Velocity 2.69 ft/s
Velocity Head 011 ft
Specific Energy 1.1 ft
Froude Number 0.58

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 1t
Length 0.00 ft
Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 1.00 ft
Critical Depth 0.75 ft
Channel Slope 0.25000 %

Bentley Systems, Inc. Haestad Methods SoBdidle ¢ EhderMaster V8i (SELECTseries 1) [08.11.01.03]
12/13/2021 12:07:48 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2



Worksheet for Off-Site Ditch-1 (100-Yr)_2ft FB

GVF Output Data

Critical Slope 0.00792 ft/ft

Bentley Systems, Inc. Haestad Methods SoBdidle ¢ EhderMaster V8i (SELECTseries 1) [08.11.01.03]
12/13/2021 12:07:48 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for Off-Site Ditch-2 (5-Yr)_2ft FB

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

Manning Formula

Normal Depth

0.020
0.25000
2.00
2.00
2.00
4.50

0.64
2.1
4.88
0.43
4.57
0.46
0.00890
2.13
0.07
0.71
0.55

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.64

0.46

0.25000

%

fi/ft (H:V)
fi/ft (H:V)
ft

ft¥/s

ft/ft
ft/s
ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
%

12/13/2021 12:07:25 PM

Bentley Systems, Inc. Haestad Methods SoBdidle ¢ EhderMaster V8i (SELECTseries 1) [08.11.01.03]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666
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Worksheet for Off-Site Ditch-2 (5-Yr)_2ft FB

GVF Output Data

Critical Slope 0.00890 ft/ft

Bentley Systems, Inc. Haestad Methods SoBdidle ¢ EhderMaster V8i (SELECTseries 1) [08.11.01.03]
12/13/2021 12:07:25 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for Off-Site Ditch-2 (100-Yr)_2ft FB

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.020
Channel Slope 0.25000 %
Left Side Slope 2.00 ft/ft (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 2.00 ft
Discharge 29.90 ft¥/s
Results

Normal Depth 1.62 ft
Flow Area 8.51 ft?
Wetted Perimeter 9.26 ft
Hydraulic Radius 0.92 ft
Top Width 8.49 ft
Critical Depth 1.28 ft
Critical Slope 0.00694  ft/ft
Velocity 3.51 ft/s
Velocity Head 0.19 ft
Specific Energy 1.81 ft
Froude Number 0.62

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 1t
Length 0.00 ft
Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 1.62 ft
Critical Depth 1.28 ft
Channel Slope 0.25000 %

Bentley Systems, Inc. Haestad Methods SoBdidle ¢ EhderMaster V8i (SELECTseries 1) [08.11.01.03]
12/13/2021 12:08:09 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2



Worksheet for Off-Site Ditch-2 (100-Yr)_2ft FB

GVF Output Data

Critical Slope 0.00694 ft/ft

Bentley Systems, Inc. Haestad Methods SoBdidle ¢ EhderMaster V8i (SELECTseries 1) [08.11.01.03]
12/13/2021 12:08:09 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Castor 7-59 10 Oil & Gas Well Pad

Drainage Report

APPENDIX G — DETENTION POND CALCULATIONS

1. Drill Phase
2. Production Phase

December 14, 2020



DETENTION VOLUME BY THE MODIFIED FAA METHOD

Project: CASTOR 7-59 10
Basin ID: DRILL PHASE

(For catchments less than 160 acres only. For larger catchments, use hydrograph routing method)
(NOTE: for catchments larger than 90 acres, CUHP hydrograph and routing are recommended)

Determination of MINOR Detention Volume Using Modified FAA Method Determination of MAJOR Detention Vol Using Modified FAA Method
Design Information (Input): Design Information (Input):
C: Drainage Impervi lo= 56.80 percent Ci Drainage Impervi ly= 56.80 percent
Catchment Drainage Area A= 8.690 acres Catchment Drainage Area A= 8.690 acres
Predevelopment NRCS Soil Group Type = C A, B,C,orD Predevelopment NRCS Soil Group Type = C A, B,C,orD
Return Period for Detention Control T= 10 years (2, 5, 10, 25, 50, or 100) Return Period for Detention Control T =years (2, 5, 10, 25, 50, or 100)
Time of Concentration of Watershed Tc= 59 minutes Time of Concentration of Watershed 59 minutes
Allowable Unit Release Rate q= 0.64 cfs/acre Allowable Unit Release Rate m cfs/acre
One-hour Precipitation Py = 1.62 inches One-hour Precipitation 2.84 inches
Design Rainfall IDF Formula i = C4* P4/(C#T.)"C; Design Rainfall IDF Formula i=C* P4/(C*T.)"C;
Coefficient One Cy= 28.50 Coefficient One Ci= 28.50
Coefficient Two C;= 10 Coefficient Two C;= 10
Coefficient Three C;= 0.789 Coefficient Three C;= 0.789
Determination of Average Outflow from the Basin (Calculated) Determination of Average Outflow from the Basin (Calculated):
Runoff Coefficient = 0.49 Runoff Coefficient C= 0.62
Inflow Peak Runoff 6.96 cfs Inflow Peak Runoff Qp-in = 15.44 cfs
Allowable Peak Outflow Rate Qp-out = 5.60 cfs Allowable Peak Outflow Rate Qp-out = 5.60 cfs
Mod. FAA Minor Storage Volume = 9,375 cubic feet Mod. FAA Major Storage Volum 37,491 cubic feet
Mod. FAA Minor Storage Volume = 0.215 acre-ft Mod. FAA Major Storage Volume = 0.861 acre-ft
9 <- Enter Rainfall Duration Incremental Increase Value Here (e.g. 5 for 5-Minutes)
Rainfall Rainfall Inflow Adjustment Average Outflow Storage Rainfall Rainfall Inflow Adjustment Average Outflow Storage
Duration Intensity Volume Factor Outflow Volume Volume Duration Intensity Volume Factor Outflow Volume Volume
minutes inches / hr acre-feet "m" cfs acre-feet acre-feet minutes inches / hr acre-feet "m" cfs acre-feet acre-feet
(input) (output) (output) (output) (output) (output) (output) (input) (output) (output) (output) (output) (output) (output
0 0.00 0.000 0.00 0.00 0.000 0.000 0 0.00 0.000 0.00 0.00 0.000 0.000
9 4.52 0.239 1.00 5.60 0.069 0.169 9 7.93 0.530 1.00 5.60 0.069 0.460
18 3.33 0.352 1.00 5.60 0.139 0.213 18 5.84 0.780 1.00 5.60 0.139 0.641
27 2.67 0.423 1.00 5.60 0.208 0.215 27 4.69 0.939 1.00 5.60 0.208 0.731
36 225 0.475 1.00 5.60 0.278 0.198 36 3.95 1.054 1.00 5.60 0.278 0.777
45 1.96 0.516 1.00 5.60 0.347 0.169 45 3.43 1.145 1.00 5.60 0.347 0.798
54 1.73 0.549 1.00 5.60 0.416 0.133 54 3.04 1.219 1.00 5.60 0.416 0.803
63 1.56 0.578 0.97 5.42 0.470 0.108 63 2.74 1.282 0.97 5.42 0.470 0.812
72 1.43 0.603 0.91 5.09 0.505 0.098 72 2.50 1.337 0.91 5.09 0.505 0.832
81 1.31 0.624 0.86 4.84 0.540 0.085 81 2.30 1.385 0.86 4.84 0.540 0.845
90 1.22 0.644 0.83 4.63 0.574 0.070 920 2.14 1.429 0.83 4.63 0.574 0.854
99 1.14 0.662 0.80 4.47 0.609 0.053 929 2.00 1.468 0.80 4.47 0.609 0.859
108 1.07 0.678 0.77 4.33 0.644 0.035 108 1.88 1.504 0.77 4.33 0.644 0.861
117 1.01 0.693 0.75 4.21 0.678 0.015 117 1.77 1.538 0.75 4.21 0.678 0.860
126 0.96 0.707 0.73 4.11 0.713 -0.006 126 1.68 1.569 0.73 4.11 0.713 0.856
135 0.91 0.721 0.72 4.02 0.748 -0.027 135 1.60 1.598 0.72 4.02 0.748 0.851
144 0.87 0.733 0.70 3.94 0.782 -0.050 144 1.52 1.626 0.70 3.94 0.782 0.843
153 0.83 0.745 0.69 3.88 0.817 -0.073 153 1.45 1.652 0.69 3.88 0.817 0.835
162 0.80 0.756 0.68 3.82 0.852 -0.096 162 1.39 1.676 0.68 3.82 0.852 0.824
171 0.76 0.766 0.67 3.76 0.886 -0.120 171 1.34 1.700 0.67 3.76 0.886 0.813
180 0.74 0.776 0.66 3.72 0.921 -0.145 180 1.29 1.722 0.66 3.72 0.921 0.801
189 0.71 0.786 0.66 3.67 0.956 -0.170 189 1.24 1.743 0.66 3.67 0.956 0.787
198 0.68 0.795 0.65 3.63 0.991 -0.196 198 1.20 1.763 0.65 3.63 0.991 0.773
207 0.66 0.804 0.64 3.60 1.025 -0.221 207 1.16 1.783 0.64 3.60 1.025 0.758
216 0.64 0.812 0.64 3.56 1.060 -0.248 216 1.12 1.802 0.64 3.56 1.060 0.742
225 0.62 0.820 0.63 3.53 1.095 -0.274 225 1.09 1.820 0.63 3.53 1.095 0.725
234 0.60 0.828 0.63 3.50 1.129 -0.301 234 1.06 1.837 0.63 3.50 1.129 0.708
243 0.59 0.836 0.62 3.48 1.164 -0.328 243 1.03 1.854 0.62 3.48 1.164 0.690
252 0.57 0.843 0.62 3.45 1.199 -0.355 252 1.00 1.871 0.62 3.45 1.199 0.672
261 0.56 0.850 0.61 3.43 1.233 -0.383 261 0.97 1.887 0.61 3.43 1.233 0.653
270 0.54 0.857 0.61 3.41 1.268 -0.411 270 0.95 1.902 0.61 3.41 1.268 0.634
279 0.53 0.864 0.61 3.39 1.303 -0.439 279 0.93 1.917 0.61 3.39 1.303 0.614
288 0.52 0.871 0.60 3.37 1.337 -0.467 288 0.90 1.931 0.60 3.37 1.337 0.594
297 0.50 0.877 0.60 3.35 1.372 -0.495 297 0.88 1.946 0.60 3.35 1.372 0.573
306 0.49 0.883 0.60 3.34 1.407 -0.524 306 0.86 1.959 0.60 3.34 1.407 0.553
315 0.48 0.889 0.59 3.32 1.441 -0.552 315 0.84 1.973 0.59 3.32 1.441 0.531
324 0.47 0.895 0.59 3.31 1.476 -0.581 324 0.83 1.986 0.59 3.31 1.476 0.510
333 0.46 0.901 0.59 3.29 1.511 -0.610 333 0.81 1.999 0.59 3.29 1.511 0.488
342 0.45 0.907 0.59 3.28 1.546 -0.639 342 0.79 2.011 0.59 3.28 1.546 0.466
351 0.44 0.912 0.58 3.27 1.580 -0.668 351 0.78 2.023 0.58 3.27 1.580 0.443
360 0.43 0.918 0.58 3.26 1.615 -0.697 360 0.76 2.035 0.58 3.26 1.615 0.420
369 0.43 0.923 0.58 3.25 1.650 -0.727 369 0.75 2.047 0.58 3.25 1.650 0.397
378 0.42 0.928 0.58 3.23 1.684 -0.756 378 0.73 2.058 0.58 3.23 1.684 0.374
387 0.41 0.933 0.58 3.22 1.719 -0.786 387 0.72 2.070 0.58 3.22 1.719 0.351
396 0.40 0.938 0.57 3.22 1.754 -0.816 396 0.71 2.081 0.57 3.22 1.754 0.327
405 0.40 0.943 0.57 3.21 1.788 -0.845 405 0.70 2.091 0.57 3.21 1.788 0.303
414 0.39 0.948 0.57 3.20 1.823 -0.875 414 0.68 2.102 0.57 3.20 1.823 0.279
423 0.38 0.952 0.57 3.19 1.858 -0.905 423 0.67 2112 0.57 3.19 1.858 0.255
432 0.38 0.957 0.57 3.18 1.892 -0.935 432 0.66 2123 0.57 3.18 1.892 0.230
441 0.37 0.961 0.57 3.17 1.927 -0.966 441 0.65 2133 0.57 3.17 1.927 0.206
450 0.37 0.966 0.57 3.17 1.962 -0.996 450 0.64 2.143 0.57 3.17 1.962 0.181
459 0.36 0.970 0.56 3.16 1.996 -1.026 459 0.63 2.152 0.56 3.16 1.996 0.156
468 0.36 0.975 0.56 3.15 2.031 -1.057 468 0.62 2.162 0.56 3.15 2.031 0.131
477 0.35 0.979 0.56 3.14 2.066 -1.087 477 0.61 2171 0.56 3.14 2.066 0.105
486 0.34 0.983 0.56 3.14 2.101 -1.118 486 0.60 2.180 0.56 3.14 2.101 0.080
495 0.34 0.987 0.56 3.13 2.135 -1.148 495 0.60 2.190 0.56 3.13 2.135 0.054
504 0.34 0.991 0.56 3.13 2.170 -1.179 504 0.59 2.198 0.56 3.13 2170 0.029
513 0.33 0.995 0.56 3.12 2.205 -1.210 513 0.58 2.207 0.56 3.12 2.205 0.003
522 0.33 0.999 0.56 3.1 2.239 -1.240 522 0.57 2216 0.56 3.1 2.239 -0.023
531 0.32 1.003 0.56 3.1 2274 -1.271 531 0.56 2225 0.56 3.1 2274 -0.049
540 0.32 1.007 0.55 3.10 2.309 -1.302 540 0.56 2.233 0.55 3.10 2.309 -0.076
Mod. FAA Minor Storage Volume (cubic ft.) = 9,375 Mod. FAA Major Storage Volume (cubic ft.) = 37,491
Mod. FAA Minor Storage Volume (acre-ft.) = 0.2152 Mod. FAA Major Storage Volume (acre-ft.) = 0.8607

UDFCD DETENTION BASIN VOLUME ESTIMATING WORKBOOK Version 2.35, Released January 2015
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DETENTION VOLUME BY THE MODIFIED FAA METHOD

Project: CASTOR 7-59 10

Basin ID: DRILL PHASE

Inflow and Outflow Volumes vs. Rainfall Duration
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STAGE-STORAGE SIZING FOR DETENTION BASINS

Project: CASTOR 7-59 10
Basin ID: DRILL PHASE DETENTION POND

Sile Slope

Side Slope Z

Dam

Sile Slope 2

X
D s SeREEE L > " SileSlope Z — Siie Slapez
Design Information (Input): Check Basin Shape
Width of Basin Bottom, W = 85.00 ft Right Triangle OR...
Length of Basin Bottom, L = 170.00 |ft Isosceles Triangle OR...
Dam Side-slope (H:V), Z4 = 4.00 ft/ft Rectangle X OR...
Circle / Ellipse OR...
Irregular (Use Overide values in cells G32:G52)
MINOR MAJOR
Storage Requirement from Sheet 'Modified FAA": 0.22 0.86 acre-ft.
Stage-Storage Relationship: Storage Requirement from Sheet 'Hydrograph': acre-ft.
Storage Requirement from Sheet 'Full-Spectrum": acre-ft.
Labels Water Side Basin Basin Surface Surface Volume Surface Volume Target Volumes
for WQCV, Minor,| Surface Slope Width at Length at Area at Area at Below Area at Below for WQCV, Minor,
& Major Storage | Elevation (H:V) Stage Stage Stage Stage Stage Stage Stage & Major Storage
Stages ft ft/ft ft ft ft? ft* User it acres acre-ft Volumes
(input) (input) Below El. (output) (output) (output) Overide (output) (output) (output) (for goal seek)
4960.60 (input) 85.00 170.00 14,450.0 0 0.000 0.000
4960.70 85.00 170.40 14,484.0 105,467 5,273 2.421 0.121
4960.80 85.00 170.80 14,518.0 115,914 16,342 2.661 0.375 waQcv
4960.90 85.00 171.20 14,552.0 126,165 28,446 2.896 0.653
4961.00 85.00 171.60 14,586.0 136,222 41,566 3.127 0.954 100-YR WSEL
4961.10 85.00 172.00 14,620.0 146,086 55,681 3.354 1.278
4961.20 85.00 172.40 14,654.0 155,756 70,773 3.576 1.625
4961.30 85.00 172.80 14,688.0 165,234 86,823 3.793 1.993
4961.40 85.00 173.20 14,722.0 174,518 103,810 4.006 2.383
4961.50 85.00 173.60 14,756.0 183,610 121,717 4.215 2.794
SPILLWAY 4961.60 85.00 174.00 14,790.0 192,508 140,523 4.419 3.226
4961.70 85.00 174.40 14,824.0 201,213 160,209 4.619 3.678
4961.80 85.00 174.80 14,858.0 209,725 180,756 4.815 4.150
4961.90 85.00 175.20 14,892.0 218,043 202,144 5.006 4.641
4962.00 85.00 175.60 14,926.0 226,170 224,355 5.192 5.150
4962.10 85.00 176.00 14,960.0 234,104 247,368 5.374 5.679
4962.20 85.00 176.40 14,994.0 241,846 271,166 5.552 6.225
4962.30 85.00 176.80 15,028.0 249,396 295,728 5.725 6.789
4962.40 85.00 177.20 15,062.0 256,753 321,035 5.894 7.370
4962.50 85.00 177.60 15,096.0 263,917 347,069 6.059 7.968
CREST 4962.60 85.00 178.00 15,130.0 267,796 373,655 6.148 8.578
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
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STAGE-STORAGE SIZING FOR DETENTION BASINS

Project:
Basin ID:
4 N\
STAGE-STORAGE CURVE FOR THE POND
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RESTRICTOR PLATE SIZING FOR CIRCULAR VERTICAL ORIFICES

Project:
Basin ID:
Dio.
s
o o T~ o o
X o o] (o] o
Yo
#1 Vertical #2 Vertical

Sizing the Restrictor Plate for Circular Vertical Orifices or Pipes (Input) Orifice Orifice
Water Surface Elevation at Design Depth Elev: WS = 4,962.60 feet
Pipe/Vertical Orifice Entrance Invert Elevation Elev: Invert = 4,960.60 feet
Required Peak Flow through Orifice at Design Depth Q= 5.60 cfs
Pipe/Vertical Orifice Diameter (inches) Dia = 14.0 inches
Orifice Coefficient Co= 0.55

Full-flow Capacity (Calculated
Full-flow area Af = 1.07 sq ft
Half Central Angle in Radians Theta = 3.14 rad
Full-flow capacity Qf = 5.6 cfs

Percent of Design Flow = 100%

Calculation of Orifice Flow Condition
Half Central Angle (0<Theta<3.1416) Theta = 2.79 rad
Flow area A, = 1.06 sq ft
Top width of Orifice (inches) To= 4.86 inches
Height from Invert of Orifice to Bottom of Plate (feet) Y, = 1.13 feet
Elevation of Bottom of Plate Elev Plate Bottom Edge = 4,961.73 feet
Resultant Peak Flow Through Orifice at Design Depth Q, = 5.6 cfs
Width of Equivalent Rectangular Vertical Orifice Equivalent Width =| 0.94 [ |feet

DRILL_UD-Detention_v2.35.xls, Restrictor Plate
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|| STAGE-DISCHARGE SIZING OF THE SPILLWAY

STAGE-DISCHARGE SIZING OF THE SPILLWAY

Project:

Basin ID:

Design Information (input):

Bottom Length of Weir L= 22.00

Angle of Side Slope Weir Angle = 75.96
Elev. for Weir Crest EL. Crest = 4,961.50

Coef. for Rectangular Weir Cy = 3.00

Coef. for Trapezoidal Weir C= 3.00

Calculation of Spillway Capacity (output):

Water Rect. Triangle Total Total

Surface Weir Weir Spillway Pond
Elevation Flowrate Flowrate Release Release

ft. cfs cfs cfs cfs

(linked) (output) (output) (output) (output)

4960.60 0.00 0.00 0.00 0.00

4960.70 0.00 0.00 0.00 0.00

4960.80 0.00 0.00 0.00 0.00

4960.90 0.00 0.00 0.00 0.00

4 .00 0.00 0.00 0.00 0.00

4 .10 0.00 0.00 0.00 0.00

4 .20 0.00 0.00 0.00 0.00

4 .30 0.00 0.00 0.00 0.00

4 40 0.00 0.00 0.00 0.00

4 .50 0.00 0.00 0.00 0.00

4 .60 2.09 0.04 213 213

4 .70 5.90 0.21 6.12 6.12

4 .80 10.84 0.59 11.44 11.44

4 .90 16.70 1.21 17.91 17.91

4 .00 23.33 212 25.46 25.46

4 .10 30.67 3.35 34.02 34.02

4 .20 38.65 4.92 43.57 43.57

4962.30 47.23 6.87 54.09 54.09

4962.40 56.35 9.22 65.57 65.57

4962.50 66.00 12.00 78.00 78.00

4962.60 76.14 15.22 91.37 91.37

N/A #NIA #NIA #NIA #NIA

N/A #N/A #N/A #N/A #NIA

N/A #N/IA #NIA #NIA #NIA

N/A #N/A #NIA #N/A #NIA

N/A #NIA #NIA #NIA #NIA

N/A #N/A #NIA #N/A #NIA

N/A #NIA #NIA #NIA #NIA

N/A #N/A #N/A #N/A #NIA

N/A #NIA #N/A #N/IA #NIA

N/A #N/A #N/A #N/A #NIA

N/A #NIA #NIA #NIA #N/A

N/A #NIA #N/A #N/A #NIA

N/A #NIA #NIA #NIA #NIA

N/A #NIA #N/A #NIA #NIA

#N/A #N/A #N/A #N/A #N/A

#N/A #NIA #N/A #NIA #NIA

#N/A #N/A #NIA #N/A #NIA

#N/A #NIA #NIA #NIA #NIA

#N/A #N/A #N/A #N/A #N/A

#N/A #NIA #NIA #NIA #NIA

#N/A #N/A #N/A #N/A #N/A

#N/A #NIA #NIA #NIA #NIA

#N/A #N/A #N/A #N/A #N/A

feet
degrees
feet

SPILLWAY

100-YR FLOW =24.04 CFS
(BASIN A+0S-2)

DRILL_UD-Detention_v2.35.xls, Spillway

Project:
Basin ID:
N
STAGE-STORAGE-DISCHARGE CURVES FOR THE POND
Storage (Acre-Feet)
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DETENTION VOLUME BY THE MODIFIED FAA METHOD

Project: CASTOR 7-59 10
Basin ID: PROD PHASE

(For catchments less than 160 acres only. For larger catchments, use hydrograph routing method)
(NOTE: for catchments larger than 90 acres, CUHP hydrograph and routing are recommended)

Determination of MINOR Detention Volume Using Modified FAA Method Determination of MAJOR Detention Vol Using Modified FAA Method
Design Information (Input): Design Information (Input):
C: Drainage Impervi lo= 53.60 percent Ci Drainage Impervi ly= 53.60 percent
Catchment Drainage Area A= 6.750 acres Catchment Drainage Area A= 6.750 acres
Predevelopment NRCS Soil Group Type = C A, B,C,orD Predevelopment NRCS Soil Group Type = C A, B,C,orD
Return Period for Detention Control T= 10 years (2, 5, 10, 25, 50, or 100) Return Period for Detention Control T =years (2, 5, 10, 25, 50, or 100)
Time of Concentration of Watershed Tc= 68 minutes Time of Concentration of Watershed 68 minutes
Allowable Unit Release Rate q= 0.83 cfs/acre Allowable Unit Release Rate cfs/acre
One-hour Precipitation Py = 1.62 inches One-hour Precipitation | 284 |inches
Design Rainfall IDF Formula i = C4* P4/(C#T.)"C; Design Rainfall IDF Formula i=C* P4/(C*T.)"C;
Coefficient One Cy= 28.50 Coefficient One Ci= 28.50
Coefficient Two C;= 10 Coefficient Two C;= 10
Coefficient Three C;= 0.789 Coefficient Three C;= 0.789
Determination of Average Outflow from the Basin (Calculated) Determination of Average Outflow from the Basin (Calculated):
Runoff Coefficient = 0.47 Runoff Coefficient C= 0.61
Inflow Peak Runoff 4.71 cfs Inflow Peak Runoff Qp-in = 10.71 cfs
Allowable Peak Outflow Rate Qp-out = 5.60 cfs Allowable Peak Outflow Rate Qp-out = 5.60 cfs
Mod. FAA Minor Storage Volume = 5,362 cubic feet Mod. FAA Major Storage Volum 23,058 cubic feet
Mod. FAA Minor Storage Volume = 0.123 acre-ft Mod. FAA Major Storage Volume = 0.529 acre-ft
6 <- Enter Rainfall Duration Incremental Increase Value Here (e.g. 5 for 5-Minutes)
Rainfall Rainfall Inflow Adjustment Average Outflow Storage Rainfall Rainfall Inflow Adjustment Average Outflow Storage
Duration Intensity Volume Factor Outflow Volume Volume Duration Intensity Volume Factor Outflow Volume Volume
minutes inches / hr acre-feet "m" cfs acre-feet acre-feet minutes inches / hr acre-feet "m" cfs acre-feet acre-feet
(input) (output) (output) (output) (output) (output) (output) (input) (output) (output) (output) (output) (output) (output
0 0.00 0.000 0.00 0.00 0.000 0.000 0 0.00 0.000 0.00 0.00 0.000 0.000
6 5.18 0.136 1.00 5.60 0.046 0.090 6 9.08 0.309 1.00 5.60 0.046 0.263
12 4.03 0.211 1.00 5.60 0.093 0.119 12 7.06 0.481 1.00 5.60 0.093 0.388
18 3.33 0.262 1.00 5.60 0.139 0.123 18 5.84 0.596 1.00 5.60 0.139 0.457
24 2.86 0.300 1.00 5.60 0.185 0.115 24 5.01 0.682 1.00 5.60 0.185 0.497
30 2.51 0.330 1.00 5.60 0.232 0.098 30 4.41 0.750 1.00 5.60 0.232 0.518
36 225 0.354 1.00 5.60 0.278 0.076 36 3.95 0.806 1.00 5.60 0.278 0.528
42 2.04 0.375 1.00 5.60 0.324 0.051 42 3.58 0.853 1.00 5.60 0.324 0.529
48 1.88 0.393 1.00 5.60 0.370 0.023 48 3.29 0.895 1.00 5.60 0.370 0.524
54 1.73 0.409 1.00 5.60 0.417 -0.007 54 3.04 0.931 1.00 5.60 0.417 0.515
60 1.62 0.424 1.00 5.60 0.463 -0.039 60 2.83 0.964 1.00 5.60 0.463 0.501
66 1.51 0.437 1.00 5.60 0.509 -0.072 66 2.66 0.994 1.00 5.60 0.509 0.485
72 1.43 0.449 0.97 5.45 0.540 -0.091 72 2.50 1.021 0.97 5.45 0.540 0.481
78 1.35 0.460 0.94 5.24 0.563 -0.103 78 2.37 1.047 0.94 5.24 0.563 0.483
84 1.28 0.470 0.90 5.07 0.586 -0.116 84 2.25 1.070 0.90 5.07 0.586 0.483
90 1.22 0.480 0.88 4.92 0.610 -0.130 920 2.14 1.092 0.88 4.92 0.610 0.482
96 1.17 0.489 0.85 4.79 0.633 -0.144 96 2.04 1.112 0.85 4.79 0.633 0.479
102 1.12 0.497 0.83 4.67 0.656 -0.159 102 1.96 1.131 0.83 4.67 0.656 0.475
108 1.07 0.505 0.81 4.57 0.679 -0.174 108 1.88 1.150 0.81 4.57 0.679 0.471
114 1.03 0.513 0.80 4.47 0.702 -0.189 114 1.80 1.167 0.80 4.47 0.702 0.465
120 0.99 0.520 0.78 4.39 0.725 -0.205 120 1.74 1.183 0.78 4.39 0.725 0.458
126 0.96 0.527 0.77 4.31 0.749 -0.222 126 1.68 1.199 0.77 4.31 0.749 0.451
132 0.93 0.534 0.76 4.24 0.772 -0.238 132 1.62 1.214 0.76 4.24 0.772 0.442
138 0.90 0.540 0.75 4.18 0.795 -0.255 138 1.57 1.229 0.75 4.18 0.795 0.434
144 0.87 0.546 0.74 4.12 0.818 -0.272 144 1.52 1.242 0.74 4.12 0.818 0.424
150 0.84 0.552 0.73 4.07 0.841 -0.289 150 1.48 1.256 0.73 4.07 0.841 0.415
156 0.82 0.558 0.72 4.02 0.864 -0.307 156 1.43 1.269 0.72 4.02 0.864 0.404
162 0.80 0.563 0.71 3.98 0.887 -0.324 162 1.39 1.281 0.71 3.98 0.887 0.394
168 0.77 0.568 0.70 3.94 0.911 -0.342 168 1.36 1.293 0.70 3.94 0.911 0.382
174 0.75 0.573 0.70 3.90 0.934 -0.360 174 1.32 1.305 0.70 3.90 0.934 0.371
180 0.74 0.578 0.69 3.86 0.957 -0.379 180 1.29 1.316 0.69 3.86 0.957 0.359
186 0.72 0.583 0.68 3.83 0.980 -0.397 186 1.26 1.327 0.68 3.83 0.980 0.347
192 0.70 0.588 0.68 3.79 1.003 -0.415 192 1.23 1.337 0.68 3.79 1.003 0.334
198 0.68 0.592 0.67 3.76 1.026 -0.434 198 1.20 1.348 0.67 3.76 1.026 0.321
204 0.67 0.597 0.67 3.74 1.050 -0.453 204 1.17 1.358 0.67 3.74 1.050 0.308
210 0.65 0.601 0.66 3.71 1.073 -0.472 210 1.15 1.367 0.66 3.71 1.073 0.295
216 0.64 0.605 0.66 3.68 1.096 -0.491 216 1.12 1.377 0.66 3.68 1.096 0.281
222 0.63 0.609 0.65 3.66 1.119 -0.510 222 1.10 1.386 0.65 3.66 1.119 0.267
228 0.62 0.613 0.65 3.64 1.142 -0.529 228 1.08 1.395 0.65 3.64 1.142 0.253
234 0.60 0.617 0.65 3.62 1.165 -0.548 234 1.06 1.404 0.65 3.62 1.165 0.239
240 0.59 0.621 0.64 3.59 1.188 -0.567 240 1.04 1.413 0.64 3.59 1.188 0.224
246 0.58 0.625 0.64 3.58 1.212 -0.587 246 1.02 1.421 0.64 3.58 1.212 0.210
252 0.57 0.628 0.63 3.56 1.235 -0.606 252 1.00 1.430 0.63 3.56 1.235 0.195
258 0.56 0.632 0.63 3.54 1.258 -0.626 258 0.98 1.438 0.63 3.54 1.258 0.180
264 0.55 0.635 0.63 3.52 1.281 -0.646 264 0.97 1.446 0.63 3.52 1.281 0.165
270 0.54 0.639 0.63 3.51 1.304 -0.665 270 0.95 1.454 0.63 3.51 1.304 0.149
276 0.53 0.642 0.62 3.49 1.327 -0.685 276 0.93 1.461 0.62 3.49 1.327 0.134
282 0.52 0.645 0.62 3.48 1.350 -0.705 282 0.92 1.469 0.62 3.48 1.350 0.118
288 0.52 0.649 0.62 3.46 1.374 -0.725 288 0.90 1.476 0.62 3.46 1.374 0.102
294 0.51 0.652 0.62 3.45 1.397 -0.745 294 0.89 1.483 0.62 3.45 1.397 0.087
300 0.50 0.655 0.61 3.44 1.420 -0.765 300 0.88 1.490 0.61 3.44 1.420 0.070
306 0.49 0.658 0.61 3.42 1.443 -0.785 306 0.86 1.497 0.61 3.42 1.443 0.054
312 0.48 0.661 0.61 3.41 1.466 -0.805 312 0.85 1.504 0.61 3.41 1.466 0.038
318 0.48 0.664 0.61 3.40 1.489 -0.825 318 0.84 1.511 0.61 3.40 1.489 0.022
324 0.47 0.667 0.60 3.39 1.513 -0.846 324 0.83 1.518 0.60 3.39 1.513 0.005
330 0.46 0.670 0.60 3.38 1.536 -0.866 330 0.81 1.524 0.60 3.38 1.536 -0.011
336 0.46 0.673 0.60 3.37 1.559 -0.886 336 0.80 1.531 0.60 3.37 1.559 -0.028
342 0.45 0.676 0.60 3.36 1.582 -0.906 342 0.79 1.537 0.60 3.36 1.582 -0.045
348 0.45 0.678 0.60 3.35 1.605 -0.927 348 0.78 1.543 0.60 3.35 1.605 -0.062
354 0.44 0.681 0.60 3.34 1.628 -0.947 354 0.77 1.549 0.60 3.34 1.628 -0.079
360 0.43 0.684 0.59 3.33 1.651 -0.968 360 0.76 1.555 0.59 3.33 1.651 -0.096
Mod. FAA Minor Storage Volume (cubic ft.) = 5,362 Mod. FAA Major Storage Volume (cubic ft.) = 23,058
Mod. FAA Minor Storage Volume (acre-ft.) = 0.1231 Mod. FAA Major Storage Volume (acre-ft.) = 0.5293
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DETENTION VOLUME BY THE MODIFIED FAA METHOD

Project: CASTOR 7-59 10

Basin ID: PROD PHASE

Inflow and Outflow Volumes vs. Rainfall Duration
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|| STAGE-STORAGE SIZING FOR DETENTION BASINS ||

Project: CASTOR 7-59 10
Basin ID: PROD PHASE DETENTION POND

Side Slope Z

Side Slope Z Hun Sile Slope z
Vv Flow Dant \ Flow
— < " =
v ’
AN .
<memennanas e > SileSlpe — Sie Slopez
Design Information (Input): Check Basin Shape
Width of Basin Bottom, W = 85.00 |ft Right Triangle OR...
Length of Basin Bottom, L =|  170.00 _ |ft Isosceles Triangle OR...
Dam Side-slope (H:V), Z4 = 4.00 ft/ft Rectangle X OR...
Circle / Ellipse OR...
Irregular (Use Overide values in cells G32:G52)
MINOR MAJOR
Storage Requirement from Sheet 'Modified FAA": 0.12 0.53 acre-ft.
Stage-Storage Relationship: Storage Requirement from Sheet 'Hydrograph': acre-ft.
Storage Requirement from Sheet 'Full-Spectrum': acre-ft.
Labels Water Side Basin Basin Surface Surface Volume Surface Volume Target Volumes
for WQCV, Minor,| Surface Slope Width at Length at Area at Area at Below Area at Below for WQCV, Minor,
& Major Storage | Elevation (H:V) Stage Stage Stage Stage Stage Stage Stage & Major Storage
Stages ft ft/ft ft ft ft? ft> User ft* acres acre-ft Volumes
(input) (input) Below EI. (output) (output) (output) Overide (output) (output) (output) (for goal seek)
4960.60 (input) 85.00 170.00 14,450.0 0 0.000 0.000
4960.70 85.00 170.40 14,484.0 29,914 1,496 0.687 0.034
4960.80 85.00 170.80 14,518.0 40,239 5,003 0.924 0.115
4960.90 85.00 171.20 14,552.0 50,393 9,535 1.157 0.219 waQcv
4961.00 85.00 171.60 14,586.0 60,382 15,074 1.386 0.346
4961.10 85.00 172.00 14,620.0 70,185 21,602 1.611 0.496
4961.20 85.00 172.40 14,654.0 79,794 29,101 1.832 0.668 100-YR WSEL
4961.30 85.00 172.80 14,688.0 89,208 37,551 2.048 0.862
4961.40 85.00 173.20 14,722.0 98,427 46,933 2.260 1.077
4961.50 85.00 173.60 14,756.0 107,455 57,227 2.467 1.314
SPILLWAY 4961.60 85.00 174.00 14,790.0 116,288 68,414 2.670 1.571
4961.70 85.00 174.40 14,824.0 124,927 80,475 2.868 1.847
4961.80 85.00 174.80 14,858.0 133,372 93,390 3.062 2.144
4961.90 85.00 175.20 14,892.0 141,625 107,140 3.251 2.460
4962.00 85.00 175.60 14,926.0 149,683 121,705 3.436 2.794
4962.10 85.00 176.00 14,960.0 157,549 137,067 3.617 3.147
4962.20 85.00 176.40 14,994.0 165,221 153,205 3.793 3.517
4962.30 85.00 176.80 15,028.0 172,699 170,101 3.965 3.905
4962.40 85.00 177.20 15,062.0 179,985 187,735 4.132 4.310
4962.50 85.00 177.60 15,096.0 187,076 206,088 4.295 4.731
CREST 4962.60 85.00 178.00 15,130.0 287,206 229,803 6.593 5.276
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
#N/A #N/A
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STAGE-STORAGE SIZING FOR DETENTION BASINS

Project:
Basin ID:
4 )
STAGE-STORAGE CURVE FOR THE POND
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RESTRICTOR PLATE SIZING FOR CIRCULAR VERTICAL ORIFICES

Project: CASTOR 7-59 10
Basin ID: PROD PAD - DETENTION

Dio.
s
o o T~ o o
X o o] (o] o
Yo
#1 Vertical #2 Vertical

Sizing the Restrictor Plate for Circular Vertical Orifices or Pipes (Input) Orifice Orifice
Water Surface Elevation at Design Depth Elev: WS = 4,962.60 feet
Pipe/Vertical Orifice Entrance Invert Elevation Elev: Invert = 4,960.60 feet
Required Peak Flow through Orifice at Design Depth Q= 5.60 cfs
Pipe/Vertical Orifice Diameter (inches) Dia = 14.0 inches
Orifice Coefficient Co= 0.55

Full-flow Capacity (Calculated
Full-flow area Af = 1.07 sq ft
Half Central Angle in Radians Theta = 3.14 rad
Full-flow capacity Qf = 5.6 cfs

Percent of Design Flow = 100%

Calculation of Orifice Flow Condition
Half Central Angle (0<Theta<3.1416) Theta = 2.79 rad
Flow area A, = 1.06 sq ft
Top width of Orifice (inches) To= 4.86 inches
Height from Invert of Orifice to Bottom of Plate (feet) Y, = 1.13 feet
Elevation of Bottom of Plate Elev Plate Bottom Edge = 4,961.73 feet
Resultant Peak Flow Through Orifice at Design Depth Q, = 5.6 cfs
Width of Equivalent Rectangular Vertical Orifice Equivalent Width =| 0.94 [ |feet

PROD_UD-Detention_v2.35.xls, Restrictor Plate
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|| STAGE-DISCHARGE SIZING OF THE SPILLWAY || STAGE-DISCHARGE SIZING OF THE SPILLWAY

Project: CASTOR 7-59 10 Project: CASTOR 7-59 10
Basin ID: PROD PAD - DETENTION Basin ID: PROD PAD - DETENTION
4 N\
STAGE-STORAGE-DISCHARGE CURVES FOR THE POND
Design Information (input): Storage (Acre-Feet)
Bottom Length of Weir L= 22.00 feet 0 1 2 3 4 5 6
Angle of Side Slope Weir Angle = 75.96 degrees 4963.1134 + + + + +
Elev. for Weir Crest EL. Crest = 4,961.50 |feet
Coef. for Rectangular Weir Cy = 3.00
Coef. for Trapezoidal Weir C= 3.00
49626115 —
Calculation of Spillway Capacity (output): r
ol
Water Rect. Triangle Total Total ” ‘/
Surface Weir Weir Spillway Pond . 4962.1096 —
Elevation Flowrate Flowrate Release Release 3; /' L
ft. cfs cfs cfs cfs ° /. L4 ((
(linked) (output) (output) (output) (output) 5 L&
4960.60 0.00 0.00 0.00 0.00 2 4961.6077 " 5
4960.70 0.00 0.00 0.00 0.00 by 7'y
4960.80 0.00 0.00 0.00 0.00 4 ,‘X
4960.90 0.00 0.00 0.00 0.00 »
4961.00 0.00 0.00 0.00 0.00 4961.1057
4 .10 0.00 0.00 0.00 0.00
4 .20 0.00 0.00 0.00 0.00
4 .30 0.00 0.00 0.00 0.00
4961.40 0.00 0.00 0.00 0.00 4960.6038
4 .50 0.00 0.00 0.00 0.00 SPILLWAY
4 .60 2.09 0.04 213 213
4 .70 5.90 0.21 6.12 6.12
4961.80 10.84 059 11.44 1.44 49601019
4 .90 16.70 1.21 17.91 17.91
4 .00 23.33 212 25.46 25.46 100-YR FLOW =19.31 CFS
4 .10 30.67 3.35 34.02 34.02 (BASIN A+0S-2) 4950.6
4 .20 38.65 4.92 43.57 43.57 .
4962.30 47.23 6.87 54.09 54.09 ° 2 40 &0 80 100
4962.40 56.35 9.22 65.57 65.57 Pond Discharge (cfs)
4962.50 66.00 12.00 78.00 78.00 ‘ p—— ‘
4962.60 76.14 15.22 91.37 91.37
N/A ANA ANA ANA ANA N S
N/A #N/A #N/A #N/A #NIA
N/A #N/IA #NIA #NIA #NIA
N/A #N/A #NIA #N/A #NIA
N/A #NIA #NIA #NIA #NIA
N/A #N/A #NIA #N/A #NIA
N/A #NIA #NIA #NIA #NIA
N/A #N/A #N/A #N/A #NIA
N/A #NIA #N/A #N/IA #NIA
N/A #N/A #N/A #N/A #NIA
N/A #NIA #NIA #NIA #N/A
N/A #NIA #N/A #N/A #NIA
N/A #NIA #NIA #NIA #NIA
N/A #NIA #N/A #NIA #NIA
#N/A #N/A #N/A #N/A #N/A
#N/A #NIA #N/A #NIA #NIA
#N/A #N/A #NIA #N/A #NIA
#N/A #NIA #NIA #NIA #NIA
#N/A #N/A #N/A #N/A #N/A
#N/A #NIA #NIA #NIA #NIA
#N/A #N/A #N/A #N/A #N/A
#N/A #NIA #NIA #NIA #NIA
#N/A #N/A #N/A #N/A #N/A

PROD_UD-Detention_v2.35.xls, Spillway

12/15/2021, 9:21 AM
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Castor 7-59 10 Oil & Gas Well Pad
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