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ENGINEER’S STATEMENT

| affirm that this report and plan for the Phase Il drainage design of Terrain North Basin (Phase 2),
Planning Area 8, was prepared by me (or under my direct supervision) in accordance with the
provisions of the Town of Castle Rock Drainage Design and Technical Criteria for the owners
thereof. | understand that the Town of Castle Rock does not and will not assume liability for
drainage facilities designed by others.

Andrew Kidder, P.E.
Colorado Professional Engineer
License #38465
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GENERAL LOCATION AND DESCRIPTION

A.

Site Location

Terrain (Formerly Castle Oaks Estates) is a proposed Planned Development Plan
(PDP) consisting of single-family homes on approximately 12 +/- acres (with 16 +/-
acres of offsite tributary flows) in Castle Rock, Colorado. The portion of the Terrain
PDP addressed in this report is named ‘Terrain North Basin (Phase 2)' and will be
referred to herein as the Site.

The Site is a portion of the east half of Section 31and the west half of Section 32,
Township 7 South, Range 66 West of the Sixth Principal Meridian, Town of Castle
Rock, County of Douglas, and State of Colorado.

The Site is located on the south side of Castle Oaks Drive, generally between
Autumn Sage Street and North Rocky View Road. McMurdo Gulch is an existing
drainageway that runs from south to north adjacent to Castle Oaks Drive, starting
on the east side of the road and crossing fo the west side via and existing culvert.
An existing wastewater lift station is located on the west side of the intersection of
North Rocky View Road and Castle Oaks Drive near the north side of the Site,
conveying wastewater flows from the area to the south towards the Town's
Wastewater Treatment Facility via existing force main.

A vicinity map is included in Appendix A.

Description of Property

The approximately 12-acre Site is currently undeveloped with naturally occurring
slopes ranging from 2 to 33 percent due to rocky ridgelines to the east and west
sloping down to McMurdo Gulch. Site is vegetation includes native grasses and
sparsely spaced shrubs and trees. Vegetation density increases within naturally
formed channels and drainageways.

Soils on-site are predominately Fondis-Kutch association, Hilly gravely land, and
Peyton-Pring-Crowfoot sandy loams, which are classified as Hydrologic Soil Groups
C and D. A Hydrologic Soil Group Map is included in Appendix A.

An existing FEMA mapped 100-Year floodplain is located within McMurdo Gulch
and its tfributary adjacent to the Site. FEMA floodplain maps are included in
Appendix A.

The proposed Planning Area PA 8 is located to the southeast of McMurdo Guilch,
with the gulch separatfing the Site from Castle Oaks Drive. Proposed site
improvements include 29 single-family detached homes with associated
roadways, open space, site utilities, and a regional trail extension.

Approximately 500 feet of Castle Oaks Drive adjacent to the Site will be improved
from the current unpaved condition. Castle Oaks Drive will receive curb and gutter
to capture flows from the roadway and match existing drainage patterns.
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Developed flows will be treated for water quality and detained in a proposed
extended detention pond onsite.

Culverts are proposed within FEMA regulated floodplains where proposed
roadways cross the drainageway. A preliminary Floodplain Modification Study
(FMS) that demonstrates the proposed culvert crossings and associated channel
improvements will not have negative impacts on the proposed development has
been prepared separately by CORE and is being submitted concurrently with this
report and the SDP. Conditional Letter of Map Revision (CLOMR) approval from
FEMA will be required prior to project construction.

There is one detention pond proposed for this site. Pond G, located at the north
end of PA 8 serves PA 8. The proposed pond has been designed as Extended
Detention Basins (EDB) to provide full-spectrum detention, incorporating an outlet
structure fo provide aftenuation storage for the Water Quality Capture Volume
(WQCYV), excess urban runoff volume (EURV), and the 100-year storm event. The
pond ultimately releases to McMurdo Gulch at less than the predeveloped runoff
rates.

II. DRAINAGE BASINS AND SUB-BASINS

A.

Major Drainage Basins

The Site lies within the McMurdo Gulch major drainage basin that ultimately flows
info Cherry Creek. There are FEMA FIRM map updates currently under study by
CORE as well as by a 2016 report from Muller entitled ‘McMurdo Gulch 2016 Reach
Assessment Report’, relocating the boundaries of the FEMA Floodplain due to
culvert additions and channel stabilization of McMurdo Gulch.

Minor Drainage Basins

The proposed minor basins are described below:

G-1

Conisists of lot area, paved street sections, and landscape area. Runoff flows
overland into the proposed roadway, where it is captured by a proposed triple
Type 16 combo inlet on-grade at Design Point G1, and conveyed northeast by
proposed storm sewer to proposed Pond G. The pond releases directly into
McMurdo Gulch to the west. Any flows bypassing the inlet will be conveyed by
proposed curb and gutter to the proposed Type 16 combo inlet at Design Point
G9.
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G-2

Conisists of lot area, paved street sections, and landscape area. Runoff flows
overland into the proposed roadway, where it is captured by a proposed triple
Type 16 combo inlet on-grade at Design Point G2, and conveyed northeast by
proposed storm sewer to proposed Pond G. The pond releases directly into
McMurdo Gulch to the west. Any flows bypassing the inlet will be conveyed by
proposed curb and gutter to the proposed Type 16 combo inlet at Design Point
G3.

G-3

Conisists of lot area, paved street sections, and landscape area. Runoff flows
overland into the proposed roadway, where it is captured by a proposed double
Type 16 combo inlet on-grade at Design Point G3, and conveyed northeast by
proposed storm sewer to proposed Pond G. The pond releases directly into
McMurdo Gulch to the west. Any flows bypassing the inlet will be conveyed by
proposed curb and gutter to the proposed Type 16 combo inlet at Design Point
G8.

G-4

Conisists of lot area and landscape area. Runoff flows overland intfo a proposed
grass lined swale, where it is captured by a proposed flared end section at Design
Point G4, and conveyed northeast by proposed storm sewer to proposed Pond G.
The pond releases directly info McMurdo Gulch to the west. Emergency overflow
overtops the swale side to the north info McMurdo Guich.

G-4.1
Consists of lot area and landscape area. Runoff flows overland intfo a proposed
grass lined swale at Design Point G4.1.

G-5

Conisists of lot area, paved street sections, and landscape area. Runoff flows
overland into the proposed roadway, where it is captured by a proposed double
Type 16 combo inlet in-sump at Design Point G5, and conveyed northeast by
proposed storm sewer to proposed Pond G. The pond releases directly into
McMurdo Gulch to the west. Emergency overflow overtops the road crown to the
north and is captured by a proposed Type 16 combo inlet in-sump at Design Point
Gé.

G-6

Consists of paved street sections and landscape area. Runoff flows overland into
the proposed roadway, where it is captured by a proposed single Type 16 combo
inlet in-sump at Design Point Gé, and conveyed northeast by proposed storm sewer
to proposed Pond G. The pond releases directly into McMurdo Gulch to the west.
Emergency overflow overtops the curb to the north and is captured by a proposed
Type C at Design Point G7.
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G-7

Consists of lot area and landscape area. Runoff flows overland info a proposed
Type C inlet at Design Point G7, and conveyed northeast by proposed storm sewer
to proposed Pond G. The pond releases directly infto McMurdo Gulch to the west.
Emergency overflow drains west into McMurdo Gulch.

G-8

Consists of paved street sections. Runoff flows overland into the proposed
roadway, where it is captured by a proposed triple Type 16 combo inlet on-grade
at Design Point G8, and conveyed northeast by proposed storm sewer to proposed
Pond G. The pond releases directly into McMurdo Gulch to the west. Any flows
bypassing the inlet will be conveyed by proposed curb and gutter to the proposed
Type 16 combo inlet at Design Point G9.

G-9

Conisists of lot area, paved street sections, and landscape area. Runoff flows
overland into the proposed roadway, where it is captured by a proposed triple
Type 16 combo inlet in-sump at Design Point G9, and conveyed northeast by
proposed storm sewer to proposed Pond G. The pond releases directly into
McMurdo Gulch to the west. Emergency overflow overtops the curb to the north
and drains into Pond G.

G-10

Conisists of ponded water, concrete and gravel access roads, and landscape
area. Runoff flows overland into proposed Pond G at Design Point G10. The pond
releases directly info McMurdo Gulch to the west. Emergency overflow is directed
west via embankment spillway to McMurdo Gulch.

J-1

Consists of paved street sections and landscape area. Runoff flows overland into
the proposed roadway, where it is captured by a proposed triple Type 16 combo
inletin-sump at Design Point J1. Flows are conveyed south by proposed storm sewer
to proposed Pond J that releases to an existing series of swales and culverts and
ultimately to McMurdo Gulch. Overflow overtops the road crown to the south and
is captured by a Type 16 combo inlet in-sump at Design Point J2.

J-2

Consists of paved street sections and landscape area. Runoff flows overland into
the proposed roadway, where it is captured by a proposed friple Type 16 combo
inletin-sump at Design Point J1. Flows are conveyed south by proposed storm sewer
to proposed Pond J that releases to an existing series of swales and culverts and
ultimately to McMurdo Gulch. Overflow overtops the curb to the south and drains
info Pond J.

N-1

Conisists of landscape area. Runoff flows overland, where it is captured by a
proposed Type D inlet at Design Point N1. Flows are conveyed north via proposed
storm sewer, bypassing the Site, and released to McMurdo Gulch. Overflow
overtops the curb to the northeast and is captured by an on-grade Type 16 combo
inlet at Design Point G1.
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O-4

Conisists of off-site undeveloped area, roadway section, and large residential lofs.
Runoff flows overland, where it is captured by an existing channel, and conveyed
east to a proposed culvert crossing North Rocky View Road at Design Point O4. The
culvert releases into the existing swale within Basin O-2.

O-5

Conisists of off-site undeveloped area. Runoff flows overland, where it is captured
by a proposed Type D inlet at Design Point O5. Flows are conveyed north through
proposed storm sewer, bypassing the Site, and released to McMurdo Gulch.
Overflows enter the proposed concrete lined swale to the north and are conveyed
to a proposed Type D inlet af Design Point O6.

0O-6

Conisists of off-site undeveloped area. Runoff flows overland, where it is captured
by a proposed concrete lined swale and conveyed east to a proposed Type D
inlet at Design Point O6. Flows are conveyed east and north through proposed
storm sewer, bypassing the Site, and released to McMurdo Gulch. Overflows enter
the proposed Pond G to the northeast.

O-7

Conisists of off-site undeveloped area. Runoff flows overland, where it is captured
by a proposed Type D inlet at Design Point O7. Flows are conveyed east and north
through proposed storm sewer, bypassing the Site, and released to McMurdo
Gulch. Overflows enter the proposed Pond G to the northeast.

Ill. DRAINAGE DESIGN CRITERIA

A.

Regulations

This Phase Il Drainage Report is in accordance with the Town of Castle Rock Storm
Drainage Design and Technical Criteria Manual, the Mile High Flood District (MHFD)
Storm Drainage Criteriac Manual, and CDOT Drainage Design Manual. These
manuals were used as a basis of design for the site. The drainage design also
complies with the Chemrry Creek Basin Water Quality Authority (CCBWQA)
regulations. This report analyzes the minor (5-year) and major (100-year) storm
events.

Drainage Studies, Master Plans, Site Constraints

The design of the culverts located within the 100-Year Floodplain was performed
under the preliminary FMS by CORE, submitted concurrently with this report and the
SDP. The FMS references and conforms to the concepfts set forth by the McMurdo
Gulch Reach Assessment Memorandum, by Muller, dated January 2017.

Hydrology

On-site hydrologic calculations were performed using a proprietary rational
method workbook, developed by CORE in Microsoft Excel, to estimate peak
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overland runoff flows resulting from the minor (5-year) and major (100-year) storm
events. The workbook utilizes rainfall data provided by the Town of Castle Rock and
conforms to the guidance set forth by MHFD Manual Volume 1, Chapter 6. Castle
Rock T1-hour point rainfall table and hydrologic calculations are included in
Appendix A.

Hydraulics

Detailed hydraulic calculations will be provided in the Phase Il Drainage Report in
the Appendix. These will generally consist of the following:

« Street and inlet capacity design calculations

e Storm sewer sizing and HGL calculations

» Culvert sizing calculations

+ Swale/channel sizing calculations

» Riprap & toewall sizing calculations

» Outlet structure design calculations

+ Forebay and trickle channel sizing calculations

» Existing Water Quality and Detention Pond 375 Volume Analysis — Not

included in this submittal

Storage and Water Quality Enhancement

Storage water quality enhancement measures for the entirety of the developed
Site conform to the Town of Castle Rock Storm Drainage Design and Technical
Criteria Manual, the Mile High Flood District (MHFD) Storm Drainage Criteria
Manual, and the Cherry Creek Basin Water Quality Authority (CCBWQA)
regulations.

IV. STORMWATER MANAGEMENT FACILITY DESIGN

A.

Stormwater Conveyance Facilities

The general concept for the drainage design is to maintain the historic drainage
patterns and match or decrease historic release rates for the site while also
providing water quality enhancement for the entirety of the developed site. Runoff
from the entirety of the developed site will be conveyed to a proposed water
quality and detention facilities (full-spectrum pond) via proposed storm sewer,
swales, and curb and gutter.

The culvert crossings and targeted channel improvements are proposed within the
100-year floodplain at this project site. The analysis and design for these features
are included in the Preliminary Floodplain Modification Study (FMS) for Terrain North
Basin Phase Il, prepared by CORE, and have been submitted in concurrence with
this report. At the upstream end of the project, a new crossing over McMurdo
Gulch, at Weststrand St., will be constructed to allow for access to PA-8. Triple
reinforced concrete box culverts (RCBs) will be required to pass the 100-year flows.
The center barrel has been designed as a 12’ x 8 RCB, while the left and right
barrels have been designed as 12" x 7' RCBs
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B. Stormwater Storage Facilities

Pond G has been designed as Extended Detention Basin (EDB) for full-spectrum
detention. This pond incorporates an outlet structure that provides attenuation
storage for the Water Quality Capture Volume (WQCV), the Excess Urban Runoff
Volume (EURV), and the 100-year storm event. Pond sizing calculations can be
found in Appendix C. The pond ultimately releases to McMurdo Gulch at less than
the predeveloped runoff rates.

C. Water Quality Enhancement Control Measures

Low Impact Design Considerations:

The four-step process for stormwater quality management, as outlined in Volume
3. Chapter 1, Section 4.0 of the MHFD USDCM, has been applied to the drainage
design of the site. This has resulted in the implementation of Low Impact Design
(LID) strategies and conscientious placement of drainage infrastructure described
below:

Step 1. Employ Runoff Reduction Practices:

A priority of the overall development is the preservation of the natural
features of the property. The design of the project maintains these
infentions by arranging the site fo minimize grading, minimize impacts to
existing vegetation and wetlands, and fit withing the natural topography.
The many relatively small detentfion ponds on site have been located to
conform to natural drainage patterns, minimize the subsurface drainage
system, and reduce peak runoff rates prior to entering the established
drainageways. Other measures considered to minimize adverse impacts
include designing driveways, sidewalks, and planning areas to the
minimum widths necessary, implementing sheet flow, and increasing the
lengths of flow paths where possible.

Structural Best Management Practices (BMPs), including Grass Swales (GS)
and Grass Buffers (GB), are under evaluation to Minimize Directly
Connected Impervious Areas (MDCIA). The implementation of these
measures can reduce the volume of runoff that is required to be detained
in the downstream facilities. The ultimate allocation and configuration of
these BMPs will be determined in subsequent reports.

Step 2. Implement BMPs That Provide a Water Quality Capture Volume with Slow
Release:

One Extended Detention Basin (EDB) is located south of the gulch and is
designed for water quality freatment and flood attenuation. The pond will
ultimately incorporate an outlet structure that controls the release of flows
for the Water Quality Capfure Volume (WQCV), Excess Urban Runoff
Volume (EURV), and the 100-year storm event at or below historic rates, in
accordance with MHFD and TOCR drainage criteria.
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Step 3. Stabilize Streams:

Stabilization measures are proposed within Tributary 3 and McMurdo Gulch
and discussed in Section IV. A. above. A separate Preliminary FMS for these
improvements are being prepared by CORE and is included with the SDP
submittal.

Step4. Implement Site Specific and Other Source Control BMPs:

Source conftrol practices, such as materials coverage and spill containment
procedures, will be implemented post-construction in accordance with
Douglas County ordinance.

Pond sizing calculations can be found in Appendix C.

D. Floodplain Modification

Three culvert crossings and targeted channel improvements are proposed within
the 100-year floodplain. The 2016 McMurdo Gulch Reach Assessment, along with
coordination with Town of Castle Rock, is the basis for the design of the proposed
channel improvements associated with the culvert crossings.

Improvements within the floodplain, described in detail in Section IV. A. above,
include:

+ Two 12-foot (H) by 7-foot (V) and one 12-foot (H) by 8-foot (V) concrete box
culverts at Westrand Street.
* One boulder drop structure within McMurdo Gulch

The analysis and design for these features are included in the Preliminary Floodplain
Modification Study (FMS) for Terrain North Basin Phase I, prepared by CORE, and
submitted concurrently with this report and the SDP. The preliminary FMS addresses
the floodplain impacts for the project and demonstrates that the proposed culvert
crossings and channel improvements will not have negative impacts on the
proposed development.

Since the proposed Terrain North Basin Phase 2 development will impact the
currently mapped Zone AE floodplain, a detailed CLOMR will be required during
final design to remap the effective flood hazard areas for the portion of McMurdo
Gulch that fall within the project site boundary as well as fributary 4, and
subsequently show that the proposed development does not cause any adverse
impacts on the surrounding insurable structures along McMurdo Gulch.

A floodway encroachment analysis will also be required during final design. This
analysis will show that the proposed development will not cause any floodway rises
(no rise) above the standard set forth by the State of Colorado, and that the
floodway will be appropriately contained within the study boundary.
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E. Geotechnical Investigation and Sub-surface Collection System
Design

A geotechnical report for the Site was prepared by RMG on January 15, 2020.
Underdrains were not recommended beyond perimeter drains around building
foundations; however, a 6" underdrain is proposed along the frontage of lots 13-28
of PA 8. The underdrain is applied to this area to capture excess sub-surface
drainage that may exist due to the significant size of the upstream off-site area
draining toward the lots from the back. The single underdrain line follows Cholla
Wood Way along the back of walk, within the 10’ utility easement, and ties into the
proposed storm sewer system at inlet ING1-5.

A concrete channel is proposed to divert this off-site runoff around the Site. The
underdrain outfalls into proposed Pond G to the north.

F. Operation and Maintenance

The Owner will be the responsible party for operation and maintenance of water
quality enhancement control measures and stormwater management facilities.
EDBs have low to moderate maintenance requirements on a routine basis but may
require significant mainfenance once every 15 to 25 years.

Inspect the EDB at least twice annually, observing the amount of sediment in the
forebay and checking for debris at the outlet structure. Remove debris and litter
from the detention area as required to minimize clogging of the outlet.

Mowing should be done as needed to maintain appropriate height (minim six
inches) and confrol weeds. Aeration should be performed at least once per year
when the ground is not frozen. The Town provides annual mosquito control for all
public and private facilities. This program includes larvae confrol only. Irrigation
may be needed to establish full vegetation. Native grass and other drought
tolerant planfings should not require irrigation after establishment. Check for
broken sprinkler heads and repair them, as needed. Completely drain the irrigation
system before the first winter freeze each year. Upon reactivation of the irrigation
system in the spring, inspect all components and replace damaged parts, as
needed.

Remove sediment from the forebay and trickle channel annually. If portions of the
watershed are not developed or if roadway or landscaping projects are taking
place in the watershed, the required frequency of sediment removal in the forebay
may be as often as after each storm event. The forebay should be maintained in
such a way that it does not provide a significant source of resuspended sediment
in the stormwater runoff. Sediment removal from the micropool is required
approximately once every one to four years and should occur when the depth of
the pool has been reduced to approximately 18 inches. Small micropools may be
vacuumed and larger pools may need to be pumped to remove all sediment from
the micropool bottom. Ensure that the sediment is disposed of properly and not
placed elsewhere in the basin.
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Remove sediment from the boftom of the basin when accumulated sediment
occupies about 20% of the water quality design volume or when sediment
accumulation results in poor drainage within the basin. The required frequency
may be every 15 to 25 years or more frequently in basins where construction
activities are occurring. Erosion and Structural Repairs Repair basin inlefs, outlets,
tfrickle channels, and all other structural components required for the basin to
operate as infended. Repair and vegetate eroded areas as needed following
inspection. See the Operation and Maintenance (O&M) Manual for further
discussion.

Additional Permitting Requirements

The drainage design of Terrain North Basin (Phase 2) will adhere to the requirements
of Section 404 of the Clean Water Act and the Endangered Species Act.
Additionally, the drainage design will conform to all applicable local, state, and
federal requirements for drainage design and stormwater discharge.

General

Applicable tables and figures from the criteria manuals used in the drainage design
of the site can be found in Appendix A.

V. CONCLUSIONS

A.

Compliance with Standards

The drainage design for Terrain North Basin (Phase 2) conforms to the Town of
Castle Rock’s Storm Drainage Design and Technical Criteriac Manual, and the
Urban Drainage and Flood Control Districts’ Drainage Criteria Manual where
applicable, and Cherry Creek Reservoir Control Regulation No. 72.

Variances

There are no variances requested for this project.

Drainage Concept

The Rational Method was used to determine the developed peak runoff from the
minor (5-year) and major (100-year) storm events for the minor drainage basins
throughout the Site. These basins were delineated based on the natural
topography and the proposed grading. Once the runoff values were identified,
storm sewer pipes and other drainage conveyances were designed to capture
and transport runoff to the proposed Extended Detention Basin for attenuation
storage and water quality freatment. The proposed extended detention basin will
release water at or below the historic rate. Off-site flows were diverted around the
Site where possible with swales, storm sewer, and culverts. Runoff from the Site
ultimately drains to the existing McMurdo Gulch drainage way adjacent to the Site.
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Hydrologic Soil Group—Castle Rock Area, Colorado
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Hydrologic Soil Group—Castle Rock Area, Colorado

Hydrologic Soil Group

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

BtE Bresser-Truckton sandy 5.8 0.7%
loams, 5 to 25 percent
slopes

FoD Fondis clay loam, 3 to 9 26.9 3.0%
percent slopes

Fu Fondis-Kutch 429.5 48.1%
association

Hg Hilly gravelly land 358.1 40.1%

PpE Peyton-Pring-Crowfoot 54.2 6.1%
sandy loams, 5 to 25
percent slopes

Sd Sandy alluvial land 194 2.2%

Totals for Area of Interest 893.8 100.0%

USDA

Natural Resources

—=S - -
== Conservation Service

National Cooperative Soil Survey

Web Soil Survey

7/1/2020

Page 3 of 4



Hydrologic Soil Group—Castle Rock Area, Colorado

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