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INTRODUCTION	
	
The	purpose	of	this	report	is	to	present	a	Phase	I	Drainage	Study	for	Pioneer	Ranch.	This	study	has	
been	 prepared	 to	 support	 the	 annexation	 and	 zoning	 applications	 of	 the	 project	 in	 the	 Town	 of	
Castle	 Rock.	 This	 report	 outlines	 a	 general	 stormwater	 management	 plan	 for	 the	 site.	 Included	
within	 this	 report	 is	 an	 overall	 drainage	 plan	 for	 the	 site	 along	 with	 reference	 information	 for	
drainage	basins	and	stormwater	conveyance	facilities.			
	
	
GENERAL	LOCATION	AND	DESCRIPTION	
	
Pioneer	 Ranch	 is	 previously	 known	 as	 the	 Scott	 Parcels	 and	 is	 located	 on	 the	 east	 side	 of	 I‐25	
between	the	Wolfensberger	Road	exit	and	the	Founders	Parkway	exit,	north	of	the	downtown	area	
of	Castle	Rock.		There	are	four	platted	parcels	within	the	overall	site	boundary.	Parcels	A,	B,	C	and	D	
consist	 of	 approximately	 388	 acres	 located	 within	 portions	 of	 Sections	 35	 and	 36,	 Township	 7	
South,	Range	67	West	of	the	6th	Principle	Meridian,	Douglas	County,	Colorado.	 	These	four	parcels	
are	 bounded	 by	 unplatted	 agricultural	 land	 to	 the	 south	 (Walker	 Parcels	 also	 known	 as	 Pine	
Canyon),	Front	Street	to	the	west,	Founders	Parkway	to	the	east,	and	the	Hazen	Moore	and	Metzler	
Ranch	subdivisions	to	the	west	and	north.		Refer	to	the	attached	vicinity	map,	annexation	map	and	
overall	Phase	1	drainage	Map	for	additional	location	information.			
	
The	Walker	and	Scott	Tributaries	are		drainageways	within	the	proposed	site	that	flow	east	to	west	
across	 the	 parcels	 discharging	 into	 East	 Plum	 Creek,	 west	 of	 I‐25.	 Stabilization	 of	 the	 existing	
waterways	may	be	 required	 to	 convey	developed	 flows,	which	will	be	determined	 in	 subsequent	
drainage	 studies.	 	 No	 other	 major	 drainageways,	 existing	 irrigation	 ditches,	 or	 canals	 cross	 the	
parcels.	 	 Parcel	 A	 consists	 of	 the	 Castle	 Rock	 ridgeline	 in	 the	 eastern	 portion	 of	 the	 property,	
approximately	800‐feet	west	of	Founders	Parkway.		Areas	east	of	the	ridge	drain	to	the	east	into	the	
Cherry	Creek	Basin,	areas	west	of	the	ridge	drain	to	the	west	to	the	East	Plum	Creek	Basin.			
	
Pioneer	Ranch	is	currently	undeveloped	land	that	is	covered	with	natural	grasses,	ponderosa	pine,	
and	rock	outcroppings.		The	existing	terrain	is	divided	into	two	major	basins.		The	far	eastern	basin	
generally	 slopes	 towards	 Founders	 Parkway	 and	 stormwater	 ultimately	 flows	 to	 Cherry	 Creek.		
Flows	 from	 the	 remainder	of	 the	 site	 is	 conveyed	 to	 the	west	within	existing	 swtorm	drains	 and	
culvert	 crossings	 of	 the	 interstate	 and	 ultimately	 to	 East	 Plum	 Creek.	 	 There	 are	 no	 existing	
irrigation	or	drainage	facilities	on	the	site.	
	
The	 site	 lies	 entirely	 within	 Zone	 X,	 which	 is	 designated	 as	 outside	 the	 500‐year	 floodplain	 as	
determined	 by	 FEMA	 (Reference	 3).	 	 Please	 refer	 to	 the	 FEMA	 panel	 and	 documentation	 in	 the	
appendix	for	additional	information.			
	
Onsite	 soil	 types	and	characteristics	are	 illustrated	 in	 the	Web	Soil	Survey	 found	on	 the	National	
Resource	Conservation	Service	(NRCS)	website.		The	site	is	comprised	of	soils	in	the	Hydrologic	Soil	
Groups	C	and	D.		The	majority	of	the	D	soils	are	located	west	of	the	ridge	in	the	site.		The	C	soils	are	
located	east	of	the	ridge	(along	Founders	Parkway).	 	Significant	geologic	features	include	the	rock	
outcroppings	along	the	ridgeline	within	the	site.		
	
Upon	 development,	 Pioneer	 Ranch	 will	 be	 occupied	 by	mixed	 use	 development	 including	multi‐
family	 and	 single‐family	 residential	 lots,	 commercial	 areas,	 parks,	 roadways	 and	 other	
infrastructure.		Refer	to	the	attached	Conceptual	Zoning	Map	for	additional	information.	
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DRAINAGE	BASINS	AND	SUB‐BASINS	
	
Portions	of	the	site	have	been	analyzed	as	part	of	other	adjacent	drainage	studies	to	accommodate	
offsite	drainage.		The	reports	and	approximate	areas	are	listed	below:	
	

1) Metzler	Ranch	Filing	No.	1	(Reference	4).		Northwest	area.	
2) Hazen‐Moore	Filing	2	(Reference	5).	Northwest	area	
3) Castle	Oaks	Estates	Filing	No.	1	(References	6‐7).	East	area.	
4) Tributary	C	and	D	Master	Plan	(Reference	8).	

	
The	site	is	split	by	the	Castle	Rock	Ridgeline	located	approximately	800’	west	of	Founders	Parkway.		
The	area	west	of	the	ridgeline	transitions	from	rock	outcroppings	and	pine	trees	to	scrub	oak	and	
meadow	areas.		Runoff	from	this	basin	generally	flows	to	the	west	within	natural	drainage	channels	
to	either	an	existing	abutting	subdivision’s	drainage	system	or	to	Front	Street	and	I‐25.		Ultimately,	
all	flows	are	conveyed	underneath	the	interstate	within	existing	culverts	to	the	west	and	into	East	
Plum	Creek.	 	Three	undeveloped	offsite	basins	south	of	 the	site	 impact	 the	property	and	provide	
additional	flows	onto	the	site.	
	
The	area	east	of	 the	ridgeline	 is	within	the	Cherry	Creek	drainage	basin	and	generally	consists	of	
meadow	areas	 and	 scrub	oak.	 	Runoff	 is	 conveyed	overland	 to	 the	east	 to	 three	existing	 culverts	
underneath	Founders	Parkway	and	discharged	offsite.		No	offsite	basins	impact	the	areas	east	of	the	
ridgeline.	
	
The	site	has	been	broken	into	multiple	basins	following	the	historic	drainage	patterns	for	analysis	
within	 this	 report.	 	 Proposed	 basins	 after	 development	will	 generally	 follow	 these	 historic	 basin	
outlines.		Refer	to	the	Conceptual	Zoning	Map	for	proposed	land	uses	within	the	basins.		The	basins	
are	described	below:	
	
Basin	A	is	within	the	Cherry	Creek	basin	and	consists	of	runoff	in	the	southeast	corner	of	the	site	as	
well	 as	 offsite	 basin	 OS‐1	 to	 the	 south	 that	 historically	 drain	 to	 the	 existing	 culvert	 underneath	
Founders	 Parkway	 that	 is	 located	 to	 the	 east.	 	 Basin	 A	 will	 conceptually	 consist	 of	 runoff	 from	
mixed‐use	 areas	within	 PA‐10.	 	 Proposed	Detention/Water	 Quality	 Pond	 A	will	 detain	 and	 treat	
stormwater	prior	to	discharge	to	the	existing	Founders	Parkway	roadside	ditch.	Developed	runoff	
discharges	 to	 existing	 ditches	 will	 be	 verified	 as	 stable	 within	 subsequent	 drainage	 studies,	 per	
Town	criteria.	
	
Basin	B	 is	within	the	Cherry	Creek	basin	and	consists	of	runoff	in	the	east	portion	of	the	site	that	
historically	drains	to	an	existing	culvert	underneath	Founders	Parkway.		Basin	B	will	conceptually	
consist	of	runoff	from	public	land	area	PL‐2	and	mixed	use	area	PA‐10.		Proposed	Detention/Water	
Quality	 Pond	 B	 will	 detain	 and	 treat	 stormwater	 prior	 to	 discharge	 to	 the	 existing	 Founders	
Parkway	culvert.		
	
Basin	C	is	within	the	Cherry	Creek	basin	and	consists	of	runoff	in	the	northeast	portion	of	the	site	
that	historically	drains	 to	 the	 roadside	ditch	along	Founders	Parkway.	 	Basin	C	will	 conceptually	
consist	 of	 runoff	 from	 public	 land	 area	 PL‐2	 and	 off	 site	 area	 OS‐3.	 	 Proposed	 Detention/Water	
Quality	 Pond	 C	 will	 detain	 and	 treat	 stormwater	 prior	 to	 discharge	 to	 the	 existing	 Founders	
Parkway	roadside	ditch.		
	
Basin	D	is	within	the	Cherry	Creek	basin	and	consists	of	runoff	in	the	northern	portion	of	the	site	
that	historically	drains	 to	 the	 roadside	ditch	along	Founders	Parkway.	 	Basin	D	will	 conceptually	
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consist	of	runoff	from	residential	area	PA‐7.		Proposed	Detention/Water	Quality	Pond	D	will	detain	
and	treat	stormwater	prior	to	discharge	to	the	existing	Founders	Parkway	roadside	ditch.		
	
Basin	E	is	within	the	EPC	basin	and	is	tributary	to	Hangmans	Gulch.		The	basin	consists	of	runoff	in	
the	central	portion	of	the	site	as	well	as	offsite	basin	OS‐2	to	the	south	that	historically	drains	into	
the	Scott	Tributary.		Basin	E	will	conceptually	consist	of	runoff	from	residential	areas	PA‐3	through	
PA‐6.	 	 Proposed	 Detention/Water	 Quality	 Pond	 E	 will	 detain	 and	 treat	 stormwater	 prior	 to	
discharge	to	 the	existing	60”	CMP	pipe	 located	at	 the	west	end	of	 the	Scott	Tributary	as	 it	enters	
Metzler	Ranch	F1.		
	
Basin	F	is	within	the	EPC	basin	and	is	tributary	to	Hangmans	Gulch.		The	basin	consists	of	runoff	in	
the	 northwest	 portion	 of	 the	 site	 that	 historically	 drains	 into	 onsite	 smaller	 drainageways	 in	
Metzler	Ranch	F1.		Basin	F	will	conceptually	consist	of	runoff	from	residential	area	PA‐5.		Proposed	
Detention/Water	Quality	Pond	F	will	detain	and	treat	stormwater	prior	to	discharge	to	the	existing	
Metzler	Ranch	F1	drainageway.		
	
Basin	G	is	within	the	EPC	basin	and	is	tributary	to	Hangmans	Gulch.		The	basin	consists	of	runoff	in	
the	 northwest	 portion	 of	 the	 site	 that	 historically	 drains	 into	 onsite	 smaller	 drainageways	 in	
Metzler	Ranch	F1.		Basin	G	will	conceptually	consist	of	runoff	from	residential	area	PA‐5.		Proposed	
Detention/Water	Quality	Pond	G	will	detain	and	treat	stormwater	prior	to	discharge	to	the	existing	
Metzler	Ranch	F1	drainageway.		
	
Basin	H	is	within	the	EPC	basin	and	is	tributary	to	the	Walker	Tributary	#1.		The	basin	consists	of	
runoff	 in	 the	west	 portion	 of	 the	 site	 as	well	 as	 offsite	 basin	 OS‐3	 to	 the	 south	 that	 historically	
drains	 into	 the	drainageway	and	 eventually	 to	 the	 existing	Front	 Street	 storm	 sewer	 and	 culvert	
underneath	 I‐25.	 	 Basin	 H	 will	 conceptually	 consist	 of	 runoff	 from	 mixed	 use	 area	 PA‐1	 and	
residential	areas	PA‐2	through	PA‐4.		Proposed	offsite	Detention/Water	Quality	Pond	H	will	detain	
and	treat	stormwater	prior	to	discharge	to	the	existing	Front	Street	and	I‐25	storm	sewer.		
	
Preliminary	runoff	calculations	 for	the	developed	basins	are	 included	within	the	Appendix	of	 this	
report.		These	calculations	are	intended	to	be	informational	only	and	are	based	upon	the	conceptual	
Planning	Areas	and	land	uses	proposed	for	the	site.		Land	uses	and	densities	are	conceptual	at	this	
stage	and	have	been	conservatively	incorporated	within	the	drainage	calculations.	
	
	
EXISTING	STORMWATER	CONVEYANCE	OR	STORAGE	FACILITIES	
	
There	 are	 several	 existing	 stormwater	 conveyance	 facilities	 that	 will	 be	 incorporated	 into	 the	
overall	PR	stormwater	design:	

	
1) The	 existing	 culverts	 along	 Founders	 Parkway	 will	 remain	 and	 convey	 pond	 release	

flows	to	the	east.	
2) The	existing	Walker	Tributary	#1	drainageway	may	be	re‐routed	or	replaced	by	storm	

sewer	 as	 applicable	 for	 the	 final	 land	 plan	 within	 Basin	 H.	 	 Other	 smaller	 natural	
drainageways	onsite	will	remain	or	may	be	converted	to	storm	sewer	depending	on	the	
final	 land	 plan.	 	 Natural	 drainageways	 are	 preferred	 and	 may	 require	 stabilization;	
however	this	will	be	determined	on	a	case	by	case	basis	in	subsequent	drainage	reports.	

3) The	 offsite	 existing	 drainageway	 along	 the	 west	 side	 of	 the	 site	 and	 downstream	
existing	60”	RCP	through	Metzler	Ranch	Filing	No.	1	will	convey	flows	downstream	from	
Basin	E.		



Phase I Drainage Report for Pioneer Ranch  Page 4 

4) The	 existing	 storm	 sewer	 and	 culverts	 underneath	 Front	 Street	 and	 I‐25	will	 convey	
flows	to	the	west.	

	
No	other	existing	stormwater	storage	facilities	are	located	on	the	site	or	will	be	incorporated	into	
the	stormwater	plan	for	the	PR	project.	
	
	
PROPOSED	STORM	WATER	CONVEYANCE	OR	STORAGE	FACILITIES	
	
The	 proposed	 on‐site	 conveyance	 facilities	 will	 consist	 of	 a	 combination	 of	 storm	 pipe,	
swales/channels,	curb/gutter,	and	inlets.		Offsite	runoff	will	be	accommodated	in	the	drainage	plan.		
Proposed	 conveyance	 details	 are	 highly	 dependent	 on	 the	 final	 land	 use	 plan.	 	 Therefore,	 it	 is	
assumed	with	 this	 report	 that	 the	 proposed	 drainage	 patterns	 will	 generally	 follow	 the	 historic	
drainage	patterns.	
	
Additional	 information	 regarding	 the	 specific	 proposed	 conveyance	 element	 details	 will	 be	
provided	in	subsequent	studies.		Public	conveyance	elements	will	be	owned	and	maintained	by	the	
Town	 of	 Castle	 Rock;	 private	 conveyance	 elements	 will	 be	 owned	 and	 maintained	 by	 the	
Metropolitan	District,	HOA,	or	private	entity.	
	
Following	historic	drainage	patterns,	there	are	eight	stormwater	storage	facilities	being	proposed	
on	the	PR	site:	
	
	
	

1) Pond	A	will	collect	runoff	from	Basin	A	and	Basin	OS‐1	and	provide	detention	and	water	
quality	 for	 the	 developed	 flows.	 	 Release	 from	 this	 pond	 will	 be	 into	 the	 existing	
roadside	ditch	and	culvert	underneath	Founders	Parkway,	located	to	the	east.	

2) Pond	B	will	collect	runoff	from	Basin	B	and	provide	detention	and	water	quality	for	the	
developed	 flows.	 	Release	 from	 this	pond	will	 be	 into	 the	existing	 culvert	underneath	
Founders	Parkway.	

3) Pond	C	will	collect	runoff	from	Basin	C	and	provide	detention	and	water	quality	for	the	
developed	 flows.	 	 Release	 from	 this	 pond	will	 be	 into	 the	 existing	 Founders	 Parkway	
roadside	ditch.	

4) Pond	D	will	collect	runoff	from	Basin	D	and	provide	detention	and	water	quality	for	the	
developed	 flows.	 	 Release	 from	 this	 pond	will	 be	 into	 the	 existing	 Founders	 Parkway	
roadside	ditch.	

5) Pond	E	will	collect	runoff	from	Basin	E	and	Basin	OS‐2	and	provide	detention	and	water	
quality	 for	 the	 developed	 flows.	 	 Release	 from	 this	 pond	will	 be	 into	 the	 existing	 60”	
CMP	pipe	in	Metzler	Ranch	F1.	

6) Pond	F	will	collect	runoff	from	Basin	F	and	provide	detention	and	water	quality	for	the	
developed	 flows.	 	 Release	 from	 this	 pond	will	 be	 into	 the	 existing	Metzler	 Ranch	 F1	
drainageways.	

7) Pond	G	will	collect	runoff	from	Basin	G	and	provide	detention	and	water	quality	for	the	
developed	 flows.	 	 Release	 from	 this	 pond	will	 be	 into	 the	 existing	Metzler	 Ranch	 F1	
drainageways.	

8) Pond	H	will	collect	runoff	from	Basin	H	and	Basin	OS‐3	and	provide	detention	and	water	
quality	for	the	developed	flows.	 	Release	from	this	pond	will	be	into	the	existing	Front	
Street	storm	sewer	and	I‐25	culvert	system.	
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All	the	ponds	have	been	preliminarily	located	based	on	the	historic	flow	paths	(Refer	to	the	Phase	1	
Drainage	 Plan).	 	 Ponds	 may	 also	 be	 split	 into	 multiple	 smaller	 ponds	 in	 development	 pods	 as	
necessary,	depending	on	development	needs.		Final	locations,	sizes,	and	other	pond	details	will	be	
presented	in	subsequent	drainage	reports.					
	
Maintenance	access	will	be	provided	to	all	the	ponds.		Maintenance	of	the	ponds	will	be	provided	by	
the	 Metropolitan	 District	 or	 HOA.	 	 Maintenance	 of	 the	 on‐site	 public	 storm	 pipes	 will	 be	 the	
responsibility	 of	 the	 Town.	 	 Additional	 pond	 details	 will	 be	 presented	 in	 subsequent	 Drainage	
Reports.	
	
	
WATER	QUALITY	ENHANCEMENT	BEST	MANAGEMENT	PRACTICES	
	
Non‐structural	 Best	 Management	 Practices	 that	 will	 be	 incorporated	 into	 the	 project	 include	
minimizing	disturbed	area.	 	The	intent	of	the	land	plan	is	to	retain	as	much	natural	open	space	as	
possible	and	therefore	reducing	the	disturbed	area	and	total	developed	runoff.	
	
Structural	Best	Management	Practices	that	will	be	incorporated	in	the	site	design	are	in	the	process	
of	 being	 evaluated	 and	will	 be	 presented	 in	 subsequent	 drainage	 reports.	 	 Structural	 BMPs	may	
include	the	following:	

 Grass	Swales	
 Extended	Detention	Basins	
 Retention	Ponds	

Final	Best	Management	Practices	will	be	selected	with	subsequent	phases	of	the	project	and	details	
will	be	provided	for	each	BMP	chosen.	
	
	
POTENTIAL	PERMITTING	REQUIREMENTS	
	
No	special	permitting	requirements	are	anticipated	at	this	time.	
	
	
CONCLUSION	
	
This	Phase	 I	Drainage	Report	outlines	 the	basic	 storm	water	management	plan	 for	 the	proposed	
development.	 	This	report	follows	all	standard	criteria	with	no	requested	variances.	 	Downstream	
drainage	 facilities	 will	 not	 be	 negatively	 affected,	 as	 historic	 drainage	 patterns	 and	 allowable	
release	 rates	 are	 planned	 to	 be	 maintained.	 	 Additional	 drainage	 details	 will	 be	 presented	 in	
subsequent	drainage	studies	for	this	project.	
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calculations of distance or area are required.

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

Soil Survey Area:  Castle Rock Area, Colorado
Survey Area Data:  Version 8, Sep 23, 2014

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

Date(s) aerial images were photographed:  Mar 16, 2012—Apr 13,
2012

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

Hydrologic Soil Group—Castle Rock Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/22/2015
Page 2 of 4



Hydrologic Soil Group

Hydrologic Soil Group— Summary by Map Unit — Castle Rock Area, Colorado (CO622)

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

BrB Bresser sandy loam, 1 to
3 percent slopes

B 0.1 0.0%

BrD Bresser sandy loam, 3 to
9 percent slopes

B 0.5 0.1%

FoD Fondis clay loam, 3 to 9
percent slopes

C 11.2 2.8%

Fu Fondis-Kutch
association

C 42.1 10.6%

KtE Kutch sandy loam, 5 to
20 percent slopes

D 162.2 41.0%

KwF Kutch-Newlin-Stapleton
complex, 8 to 40
percent slopes

D 147.9 37.4%

Sw Stony steep land, cold D 31.9 8.0%

Totals for Area of Interest 395.9 100.0%

Hydrologic Soil Group—Castle Rock Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/22/2015
Page 3 of 4



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

Tie-break Rule:  Higher

Hydrologic Soil Group—Castle Rock Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

10/22/2015
Page 4 of 4



Chapter 6. Hydrology 
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DRAINAGE CRITERIA MANUAL (V. 1) RUNOFF 

Table R0-3-Recommended Percentage Imperviousness Values 

Land Use or Percentage 
Surface Characteristics Imperviousness 

Business: 

Commercial areas 95 

Neighborhood areas 85 

Residential: 

Single-family * 

Multi-unit (detached) 60 

Multi-unit (attached) 75 

Half-acre lot or larger * 

Apartments 80 

Industrial: 

Light areas 80 

Heavy areas 90 

Parks, cemeteries 5 

Playgrounds 10 

Schools 50 

Railroad yard areas 15 

Undeveloped Areas: 

Historic flow analysis 2 

Greenbelts, agricultural 2 

Off-site flow analysis 45 

(when land use not defined) 

Streets: 

Paved 100 

Gravel (packed) 40 

Drive and walks 90 

Roofs 90 

Lawns, sandy soil 0 

Lawns, clayey soil 0 

*See Figures R0-3 through R0-5 for percentage imperviousness. 

CA= K, 1 + (1.3li 3 
- l.44i 2 + l.135i- 0.12) for CA;::: 0, otherwise CA= 0 (R0-6) 

Ccn =Ken+ (0.858i 3 -0.786i 2 + 0.774i + 0.04) (R0-7) 

2007-01 R0-9 
Urban Drainage and Flood Control District 



DRAINAGE CRITERIA MANUAL (V. 1) RUNOFF 

Table R0-5- Runoff Coefficients, C 

Percentage 
Imperviousness Type C and D NRCS Hydrologic Soil Groups 

2-yr 5-yr 10-yr 25-yr 50-yr 100-vr 
0% 0.04 0.15 0.25 0.37 0.44 0.50 
5% 0.08 0.18 0.28 0.39 0.46 0.52 
10% 0.11 0.21 0.30 0.41 0.47 0.53 
15% 0.14 0.24 0.32 0.43 0.49 0.54 
20% 0.17 0.26 0.34 0.44 0.50 0.55 
25% 0.20 0.28 0.36 0.46 0.51 0.56 
30% 0.22 0.30 0.38 0.47 0.52 0.57 
35% 0.25 0.33 0.40 0.48 0.53 0.57 
40% 0.28 0.35 0.42 0.50 0.54 0.58 
45% 0.31 0.37 0.44 0.51 0.55 0.59 
50% 0.34 0.40 0.46 0.53 0.57 0.60 
55% 0.37 0.43 0.48 0.55 0.58 0.62 
60% 0.41 0.46 0.51 0.57 0.60 0.63 
65% 0.45 0.49 0.54 0.59 0.62 0.65 
70% 0.49 0.53 0.57 0.62 0.65 0.68 
75% 0.54 0.58 0.62 0.66 0.68 0.71 
80% 0.60 0.63 0.66 0.70 0.72 0.74 
85% 0.66 0.68 0.71 0.75 0.77 0.79 
90% 0.73 0.75 0.77 0.80 0.82 0.83 
95% 0.80 0.82 0.84 0.87 0.88 0.89 
100% 0.89 0.90 0.92 0.94 0.95 0.96 

TYPE B NRCS HYDROLOGIC SOILS GROUP 

0% 0.02 0.08 0.15 0.25 0.30 0.35 
5% 0.04 0.10 0.19 0.28 0.33 0.38 
10% 0.06 0.14 0.22 0.31 0.36 0.40 
15% 0.08 0.17 0.25 0.33 0.38 0.42 
20% 0.12 0.20 0.27 0.35 0.40 0.44 
25% 0.15 0.22 0.30 0.37 0.41 0.46 
30% 0.18 0.25 0.32 0.39 0.43 0.47 
35% 0.20 0.27 0.34 0.41 0.44 0.48 
40% 0.23 0.30 0.36 0.42 0.46 0.50 
45% 0.26 0.32 0.38 0.44 0.48 0.51 
50% 0.29 0.35 0.40 0.46 0.49 0.52 
55% 0.33 0.38 0.43 0.48 0.51 0.54 
60% 0.37 0.41 0.46 0.51 0.54 0.56 
65% 0.41 0.45 0.49 0.54 0.57 0.59 
70% 0.45 0.49 0.53 0.58 0.60 0.62 
75% 0.51 0.54 0.58 0.62 0.64 0.66 
80% 0.57 0.59 0.63 0.66 0.68 0.70 
85% 0.63 0.66 0.69 0.72 0.73 0.75 
90% 0.71 0.73 0.75 0.78 0.80 0.81 
95% 0.79 0.81 0.83 0.85 0.87 0.88 
100% 0.89 0.90 0.92 0.94 0.95 0.96 

2007-01 R0-11 
Urban Drainage and Flood Control District 



DRAINAGE CRITERIA MANUAL (V. 1) RUNOFF 
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Figure R0-3- Watershed Imperviousness, Single-Family Residential Ranch Style Houses 

2007-01 R0-15 
Urban Drainage and Flood Control District 



RUNOFF DRAINAGE CRITERIA MANUAL (V. 1) 
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Figure R0-4-Watershed Imperviousness, Single-Family Residential Split-Level Houses 

R0-16 2007-01 
Urban Drainage and Flood Control District 



DRAINAGE CRITERIA MANUAL (V. 1) RUNOFF 
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2007-01 R0-17 
Urban Drainage and Flood Control District 
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COMPOSITE C-FACTOR & WEIGHTED PERCENT IMPERVIOUSNESS ANALYSIS
Pioneer Ranch

ATWELL
GB
Date:  10/23/15 All soils Type C or D

Total Area Soil Type
BASIN (AC) Land Use (AC) Comp. C2 Comp. C5 Comp. C10 Comp. C100 Comp. I (%)

A 7.00 Assumed 15 DU/AC Mixed Use C Soil Type 0.60 0.63 0.66 0.74 80.0%

B1 20.30 Assumed 15 DU/AC Mixed Use C Soil Type 0.60 0.63 0.66 0.74 80.0%

B2 14.20 Assumed Park C Soil Type 0.08 0.18 0.28 0.52 5.0%

B 34.50 Weighted Average C Soil Type 0.39 0.44 0.50 0.65 49.1%

C 8.80 Assumed Park C Soil Type 0.08 0.18 0.28 0.52 5.0%

D 5.70 Assumed 2 DU/AC SFD Residential C Soil Type 0.28 0.35 0.42 0.58 40.0%

E1 82.70 Assumed 2 DU/AC SFD Residential D Soil Type 0.28 0.35 0.42 0.58 40.0%

E2 51.30 Assumed 5 DU/AC SFD Residential D Soil Type 0.34 0.40 0.46 0.60 50.0%

E3 24.00 Assumed Park D Soil Type 0.08 0.18 0.28 0.52 5.0%

E4 83.40 Assumed OS D Soil Type 0.06 0.16 0.26 0.51 2.0%

E 241.40 Weighted Average D Soil Type 0.20 0.28 0.36 0.55 25.5%

F1 5.60 Assumed 5 DU/AC SFD Residential D Soil Type 0.34 0.40 0.46 0.60 50.0%

F2 7.90 Assumed OS D Soil Type 0.06 0.16 0.26 0.51 2.0%

F 13.50 Weighted Average D Soil Type 0.18 0.26 0.34 0.55 21.9%

G 16.90 Assumed 5 DU/AC SFD Residential D Soil Type 0.34 0.40 0.46 0.60 50.0%

H1 17.70 Assumed 15 DU/AC Mixed Use D Soil Type 0.60 0.63 0.66 0.74 80.0%

H2 30.50 Assumed 5 DU/AC SFD Residential D Soil Type 0.34 0.40 0.46 0.60 50.0%

H3 7.60 Assumed OS D Soil Type 0.06 0.16 0.26 0.51 2.0%

H 55.80 Weighted Average D Soil Type 0.38 0.44 0.50 0.63 53.0%

OS-1 18.00 Assumed OS C Soil Type 0.06 0.16 0.26 0.51 2.0%

OS-2 106.10 Assumed OS D Soil Type 0.06 0.16 0.26 0.51 2.0%

OS-3 32.80 Assumed OS D Soil Type 0.06 0.16 0.26 0.51 2.0%

E 241.40 Weighted Average D Soil Type 0.20 0.28 0.36 0.55 25.5%

OS-2 106.10 Assumed OS D Soil Type 0.06 0.16 0.26 0.51 2.0%

CUHP Basin 347.50 Weighted Average D Soil Type 0.16 0.24 0.33 0.54 18.3%



STANDARD FORM SF-2
TIME OF CONCENTRATION - DEVELOPED

 SUBDIVISION: Pioneer Ranch

CALCULATED BY: GB DATE: Oct-15

SUB-BASIN DATA INITIAL/OVERLAND TRAVEL TIME Tc CHECK FINAL REMARKS
TIME (Tc) (Tt) (Urbanized Basins) Tc

DESIG: AREA C5 LENGTH AVG. SLOPE Ti LENGTH AVG. SLOPE VEL Tt COMP TOTAL Tc=(L/180)+10
(acres) (ft) (%) (min) (ft) (%) (fps) (min) Tc LENGTH (ft) (min) (min)

A 7.00 0.63 300 5.0 8.6 450 5.0% 4.5 1.7 10.3 750 14.2 10.3 Street

B 34.50 0.44 300 5.0 12.0 1400 5.0% 4.5 5.2 17.2 1700 19.4 17.2 Street

C 8.80 0.18 300 10.0 13.5 1200 5.0% 4.5 4.4 17.9 1500 18.3 17.9 Street

D 5.70 0.35 300 5.0 13.8 600 5.0% 4.5 2.2 16.0 900 15.0 15.0 Street

E 241.40 0.28 300 4.0 16.3 5800 4.0% 4.0 24.2 40.4 6100 43.9 40.4 Street

F 13.50 0.26 300 20.0 9.8 1300 5.0% 4.5 4.8 14.6 1600 18.9 14.6 Street

G 16.90 0.40 300 5.0 12.9 700 5.0% 4.5 2.6 15.5 1000 15.6 15.5 Street

H 55.80 0.44 300 5.0 12.1 3800 4.5% 4.2 15.1 27.2 4100 32.8 27.2 Street

OS-1 18.00 0.16 300 6.5 15.8 1300 6.0% 5.0 4.3 20.2 Undeveloped 20.2 Undeveloped

OS-2 106.10 0.16 300 20.0 10.9 2400 7.0% 5.5 7.3 18.2 Undeveloped 18.2 Undeveloped

OS-3 32.80 0.16 300 16.0 11.8 3000 5.0% 4.5 11.1 22.9 Undeveloped 22.9 Undeveloped



GB JOB NO: 1404
DATE: Oct-15 PROJECT: Pioneer Ranch

CHECKED BY: DESIGN STORM: 100-year
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1 A 7.00 0.74 10.3 5.18 6.95 36.0

1.1 OS-1 18.00 0.51 20.2 9.18 5.09 46.7

1 A 25.00 82.7

2 B 34.50 0.65 17.2 22.41 5.52 123.7

3 C 8.80 0.52 17.9 4.58 5.41 24.8

4 D 5.70 0.58 15.0 3.31 5.90 19.5

6 F 13.50 0.55 14.6 7.39 5.98 44.2

7 G 16.90 0.60 15.5 10.14 5.82 59.0

8 H 55.80 0.63 27.2 35.27 4.32 152.3

8.1 OS-3 32.80 0.51 22.9 16.73 4.76 79.6

8 H 88.60 231.9

100-year P1 = 2.6 inches (UDFCD, Fig. RA-6) I = 28.5(P1)/(10+Tc)0.786 (Ref. 2, Eq RA-3) 0

STORM DRAINAGE SYSTEM DESIGN

CALCULATED BY:
DEVELOPED

TRAVEL TIMEPIPE

STANDARD FORM SF-3

DIRECT RUNOFF

(RATIONAL METHOD PROCEDURE)

STREETTOTAL RUNOFF



Summary of Unit Hydrograph Parameters Used By Program and Calculated Results (Version 1.4.4)

Catchment Name/ID User Comment for Catchment Ct Cp
W50 
(min.)

W50 
Before 
Peak

W75 
(min.)

W75 
Before 
Peak

Time to 
Peak 
(min.) Peak (cfs)

Volume 
(c.f)

Excess 
(inches)

Excess 
(c.f.)

Time to 
Peak 
(min.)

Peak Flow 
(cfs)

Total 
Volume 
(c.f.)

Runoff per 
Unit Area 
(cfs/acre)

1 0.114 0.279 32.3 8.43 16.8 5.96 14.1 504 1,261,498 1.80 2,268,480 45.0 620 2,263,452 1.78

Unit Hydrograph Parameters and Results Excess Precip. Storm Hydrograph



Summary of CUHP Input Parameters (Version 1.4.4)

Catchment Name/ID SWMM Node/ID Raingage Name/ID
Area 

(sq.mi.)

Dist. to 
Centroid 
(miles)

Length 
(miles)

Slope 
(ft./ft.)

Percent 
Imperv.

Pervious 
(inches)

Imperv. 
(inches)

Initial Rate 
(in./hr.)

Final Rate 
(in.hr.)

Decay 
Coeff. 
(1/sec.) DCIA Level

Dir. Con'ct 
Imperv. 
Fraction

Receiv. 
Perv. 

Fraction
Percent Eff. 
Imperv.

1 101 RAINGAGE 1 0.543 0.540 1.084 0.039 18.3 0.35 0.10 3.00 0.50 0.0018 0.00 0.37 0.12 17.16

Depression Storage Horton's Infiltration Parameters DCIA Level and Fractions



Project:
Basin ID:

25.00

23.8%

0

23.8%

Percentage of Area Area (acres)
0.0
0.0

100.0% 25.0

Initial--f i Final--fo

3 0.5 0.0018

(watershed inches) (acre-feet)

0.26 0.54
Design Oulet to Empty 

EURV in 72 Hours

100-year Detention Volume plus WQCV 5 0.66 1.37 25.00

Notes:

Hydrologic Soil Type
Type A
Type B

Excess Urban Runoff Volume4

Infiltration (inches per hour)

Maximum Allowable 

Release Rate, cfs3

4) EURV approximates the difference between developed and pre-developed runoff volume.

5) User has opted to add the WQCV to the 100-year detention volume to satisfy local regulations.  This is not required per the USDCM.

Detention Volumes 2,5

DETENTION VOLUME BY THE FULL SPECTRUM METHOD

Pioneer Ranch
A

1) Effective imperviousness is based on Figure ND-1 of the Urban Storm Drainage Criteria Manual (USDCM).

Area of Watershed (acres)

Subwatershed Imperviousness
Level of Minimizing Directly Connected 

Impervious Area (MDCIA)

* User input data 
shown in blue.

2) Results shown reflect runoff reduction from Level 1 or 2 MDCIA and are plotted at the watershed's total imperviousness value; the impact 
of MDCIA is reflected by the results being below the curves.
3) Maximum allowable release rates for 100-year event are based on Table SO-1. Outlet for the Excess Urban Runoff Volume (EURV) to be 
designed to empty out the EURV in 72 hours. Outlet design is similar to one for the WQCV outlet of an extended detention basin (i.e., 
perforated plate with a micro-pool) and extends to top of EURV water surface elevation.

Recommended Horton's Equation Parameters for CUHP

Effective Imperviousness1

Type C or D

Decay             
Coefficient--
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EURV Type C/D Soil

100-yr Storage Volume

EURV Storage Volume

UD-Detention_v2.35 - Pond A 10/30/2015, 1:41 PM



Project:
Basin ID:

34.50

49.1%

0

49.1%

Percentage of Area Area (acres)
0.0
0.0

100.0% 34.5

Initial--f i Final--fo

3 0.5 0.0018

(watershed inches) (acre-feet)

0.58 1.66
Design Oulet to Empty 

EURV in 72 Hours

100-year Detention Volume plus WQCV 5 1.27 3.64 34.50

Notes:

Hydrologic Soil Type
Type A
Type B

Excess Urban Runoff Volume4

Infiltration (inches per hour)

Maximum Allowable 

Release Rate, cfs3

4) EURV approximates the difference between developed and pre-developed runoff volume.

5) User has opted to add the WQCV to the 100-year detention volume to satisfy local regulations.  This is not required per the USDCM.

Detention Volumes 2,5

DETENTION VOLUME BY THE FULL SPECTRUM METHOD

Pioneer Ranch
B

1) Effective imperviousness is based on Figure ND-1 of the Urban Storm Drainage Criteria Manual (USDCM).

Area of Watershed (acres)

Subwatershed Imperviousness
Level of Minimizing Directly Connected 

Impervious Area (MDCIA)

* User input data 
shown in blue.

2) Results shown reflect runoff reduction from Level 1 or 2 MDCIA and are plotted at the watershed's total imperviousness value; the impact 
of MDCIA is reflected by the results being below the curves.
3) Maximum allowable release rates for 100-year event are based on Table SO-1. Outlet for the Excess Urban Runoff Volume (EURV) to be 
designed to empty out the EURV in 72 hours. Outlet design is similar to one for the WQCV outlet of an extended detention basin (i.e., 
perforated plate with a micro-pool) and extends to top of EURV water surface elevation.

Recommended Horton's Equation Parameters for CUHP

Effective Imperviousness1

Type C or D

Decay             
Coefficient--
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100-yr Vol Type B, C & D Soils

EURV Type A Soil

EURV Type B Soil

EURV Type C/D Soil

100-yr Storage Volume

EURV Storage Volume

UD-Detention_v2.35 - Pond B 10/30/2015, 1:42 PM



Project:
Basin ID:

8.80

5.0%

0

5.0%

Percentage of Area Area (acres)
0.0
0.0

100.0% 8.8

Initial--f i Final--fo

3 0.5 0.0018

(watershed inches) (acre-feet)

0.03 0.02
Design Oulet to Empty 

EURV in 72 Hours

100-year Detention Volume plus WQCV 5 0.15 0.11 8.80

Notes:

Hydrologic Soil Type
Type A
Type B

Excess Urban Runoff Volume4

Infiltration (inches per hour)

Maximum Allowable 

Release Rate, cfs3

4) EURV approximates the difference between developed and pre-developed runoff volume.

5) User has opted to add the WQCV to the 100-year detention volume to satisfy local regulations.  This is not required per the USDCM.

Detention Volumes 2,5

DETENTION VOLUME BY THE FULL SPECTRUM METHOD

Pioneer Ranch
C

1) Effective imperviousness is based on Figure ND-1 of the Urban Storm Drainage Criteria Manual (USDCM).

Area of Watershed (acres)

Subwatershed Imperviousness
Level of Minimizing Directly Connected 

Impervious Area (MDCIA)

* User input data 
shown in blue.

2) Results shown reflect runoff reduction from Level 1 or 2 MDCIA and are plotted at the watershed's total imperviousness value; the impact 
of MDCIA is reflected by the results being below the curves.
3) Maximum allowable release rates for 100-year event are based on Table SO-1. Outlet for the Excess Urban Runoff Volume (EURV) to be 
designed to empty out the EURV in 72 hours. Outlet design is similar to one for the WQCV outlet of an extended detention basin (i.e., 
perforated plate with a micro-pool) and extends to top of EURV water surface elevation.

Recommended Horton's Equation Parameters for CUHP

Effective Imperviousness1

Type C or D

Decay             
Coefficient--
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Project:
Basin ID:

5.70

40.0%

0

40.0%

Percentage of Area Area (acres)
0.0
0.0

100.0% 5.7

Initial--f i Final--fo

3 0.5 0.0018

(watershed inches) (acre-feet)

0.46 0.22
Design Oulet to Empty 

EURV in 72 Hours

100-year Detention Volume plus WQCV 5 1.05 0.50 5.70

Notes:

Hydrologic Soil Type
Type A
Type B

Excess Urban Runoff Volume4

Infiltration (inches per hour)

Maximum Allowable 

Release Rate, cfs3

4) EURV approximates the difference between developed and pre-developed runoff volume.

5) User has opted to add the WQCV to the 100-year detention volume to satisfy local regulations.  This is not required per the USDCM.

Detention Volumes 2,5

DETENTION VOLUME BY THE FULL SPECTRUM METHOD

Pioneer Ranch
D

1) Effective imperviousness is based on Figure ND-1 of the Urban Storm Drainage Criteria Manual (USDCM).

Area of Watershed (acres)

Subwatershed Imperviousness
Level of Minimizing Directly Connected 

Impervious Area (MDCIA)

* User input data 
shown in blue.

2) Results shown reflect runoff reduction from Level 1 or 2 MDCIA and are plotted at the watershed's total imperviousness value; the impact 
of MDCIA is reflected by the results being below the curves.
3) Maximum allowable release rates for 100-year event are based on Table SO-1. Outlet for the Excess Urban Runoff Volume (EURV) to be 
designed to empty out the EURV in 72 hours. Outlet design is similar to one for the WQCV outlet of an extended detention basin (i.e., 
perforated plate with a micro-pool) and extends to top of EURV water surface elevation.

Recommended Horton's Equation Parameters for CUHP

Effective Imperviousness1

Type C or D

Decay             
Coefficient--
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Project:

Basin ID:

Design Information (Input): MINOR MAJOR 0 24 24
Max. Allowable Peak Outflow  Qp-out = 198.00 cfs       0.00 502.65 502.65 510
Time to Peak Outflow Tp-out = 45 minutes

Major Storage Volume (cubic ft.): 623,788
Major Storage Volume (acre-ft.): 14.32

5
Time  Inflow Outflow Increm. Storage Inflow Outflow Increm. Storage

 hydrograph Rising Hy Volume Volume hydrograph Rising Hy Volume Volume
minutes cfs cfs acre-ft acre-ft cfs cfs acre-ft acre-ft
(input) (input) (output) (output) (output) (input) (output) (output) (output)

0 #N/A 0.00 0.00 0.00 0.00 0.00 0.00
5 #N/A 214.51 22.00 1.33 1.33

10 #N/A 445.27 44.00 2.76 4.09
15 #N/A 502.65 66.00 3.01 7.10
20 #N/A 465.90 88.00 2.60 9.70
25 #N/A 376.90 110.00 1.84 11.54
30 #N/A 328.67 132.00 1.35 12.89
35 #N/A 280.45 154.00 0.87 13.76
40 #N/A 240.90 176.00 0.45 14.21
45 #N/A 214.04 198.00 0.11 14.32
50 #N/A 187.19 #N/A
55 #N/A 160.33 #N/A
60 #N/A 133.48 #N/A
65 #N/A 106.62 #N/A
70 #N/A 93.74 #N/A
75 #N/A 84.78 #N/A
80 #N/A 75.83 #N/A
85 #N/A 66.88 #N/A
90 #N/A 57.93 #N/A
95 #N/A 48.98 #N/A
100 #N/A 40.03 #N/A
105 #N/A 31.07 #N/A
110 #N/A 22.12 #N/A
115 #N/A 13.17 #N/A
120 #N/A 4.22 #N/A
125 #N/A 0.00 #N/A
130 #N/A #N/A
135 #N/A #N/A
140 #N/A #N/A
145 #N/A #N/A
150 #N/A #N/A
155 #N/A #N/A
160 #N/A #N/A
165 #N/A #N/A
170 #N/A #N/A
175 #N/A #N/A
180 #N/A #N/A
185 #N/A #N/A
190 #N/A #N/A
195 #N/A #N/A
200 #N/A #N/A
205 #N/A #N/A
210 #N/A #N/A
215 #N/A #N/A
220 #N/A #N/A
225 #N/A #N/A
230 #N/A #N/A
235 #N/A #N/A
240 #N/A #N/A
245 #N/A #N/A
250 #N/A #N/A
255 #N/A #N/A
260 #N/A #N/A
265 #N/A #N/A
270 #N/A #N/A
275 #N/A #N/A
280 #N/A #N/A
285 #N/A #N/A
290 #N/A #N/A
295 #N/A #N/A
300 #N/A #N/A
305 #N/A #N/A
310 #N/A #N/A
315 #N/A #N/A
320 #N/A #N/A
325 #N/A #N/A
330 #N/A #N/A
335 #N/A #N/A
340 #N/A #N/A
345 #N/A #N/A
350 #N/A #N/A
355 #N/A #N/A
360 #N/A #N/A
365 #N/A #N/A
370 #N/A #N/A

NOTE:  THIS IS A FIRST APPROXIMATION ONLY

DETENTION VOLUME BY THE HYDROGRAPH METHOD

E

Pioneer Ranch
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Project:
Basin ID:

13.50

21.9%

0

21.9%

Percentage of Area Area (acres)
0.0
0.0

100.0% 13.5

Initial--f i Final--fo

3 0.5 0.0018

(watershed inches) (acre-feet)

0.24 0.27
Design Oulet to Empty 

EURV in 72 Hours

100-year Detention Volume plus WQCV 5 0.61 0.68 13.50

Notes:

Hydrologic Soil Type
Type A
Type B

Excess Urban Runoff Volume4

Infiltration (inches per hour)

Maximum Allowable 

Release Rate, cfs3

4) EURV approximates the difference between developed and pre-developed runoff volume.

5) User has opted to add the WQCV to the 100-year detention volume to satisfy local regulations.  This is not required per the USDCM.

Detention Volumes 2,5

DETENTION VOLUME BY THE FULL SPECTRUM METHOD

Pioneer Ranch
F

1) Effective imperviousness is based on Figure ND-1 of the Urban Storm Drainage Criteria Manual (USDCM).

Area of Watershed (acres)

Subwatershed Imperviousness
Level of Minimizing Directly Connected 

Impervious Area (MDCIA)

* User input data 
shown in blue.

2) Results shown reflect runoff reduction from Level 1 or 2 MDCIA and are plotted at the watershed's total imperviousness value; the impact 
of MDCIA is reflected by the results being below the curves.
3) Maximum allowable release rates for 100-year event are based on Table SO-1. Outlet for the Excess Urban Runoff Volume (EURV) to be 
designed to empty out the EURV in 72 hours. Outlet design is similar to one for the WQCV outlet of an extended detention basin (i.e., 
perforated plate with a micro-pool) and extends to top of EURV water surface elevation.

Recommended Horton's Equation Parameters for CUHP

Effective Imperviousness1

Type C or D

Decay             
Coefficient--
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Project:
Basin ID:

16.90

50.0%

0

50.0%

Percentage of Area Area (acres)
0.0
0.0

100.0% 16.9

Initial--f i Final--fo

3 0.5 0.0018

(watershed inches) (acre-feet)

0.59 0.83
Design Oulet to Empty 

EURV in 72 Hours

100-year Detention Volume plus WQCV 5 1.29 1.81 16.90

Notes:

Hydrologic Soil Type
Type A
Type B

Excess Urban Runoff Volume4

Infiltration (inches per hour)

Maximum Allowable 

Release Rate, cfs3

4) EURV approximates the difference between developed and pre-developed runoff volume.

5) User has opted to add the WQCV to the 100-year detention volume to satisfy local regulations.  This is not required per the USDCM.

Detention Volumes 2,5

DETENTION VOLUME BY THE FULL SPECTRUM METHOD

Pioneer Ranch
G

1) Effective imperviousness is based on Figure ND-1 of the Urban Storm Drainage Criteria Manual (USDCM).

Area of Watershed (acres)

Subwatershed Imperviousness
Level of Minimizing Directly Connected 

Impervious Area (MDCIA)

* User input data 
shown in blue.

2) Results shown reflect runoff reduction from Level 1 or 2 MDCIA and are plotted at the watershed's total imperviousness value; the impact 
of MDCIA is reflected by the results being below the curves.
3) Maximum allowable release rates for 100-year event are based on Table SO-1. Outlet for the Excess Urban Runoff Volume (EURV) to be 
designed to empty out the EURV in 72 hours. Outlet design is similar to one for the WQCV outlet of an extended detention basin (i.e., 
perforated plate with a micro-pool) and extends to top of EURV water surface elevation.

Recommended Horton's Equation Parameters for CUHP

Effective Imperviousness1

Type C or D

Decay             
Coefficient--
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Project:
Basin ID:

88.60

34.1%

0

34.1%

Percentage of Area Area (acres)
0.0
0.0

100.0% 88.6

Initial--f i Final--fo

3 0.5 0.0018

(watershed inches) (acre-feet)

0.39 2.88
Design Oulet to Empty 

EURV in 72 Hours

100-year Detention Volume plus WQCV 5 0.91 6.72 88.60

Notes:

Hydrologic Soil Type
Type A
Type B

Excess Urban Runoff Volume4

Infiltration (inches per hour)

Maximum Allowable 

Release Rate, cfs3

4) EURV approximates the difference between developed and pre-developed runoff volume.

5) User has opted to add the WQCV to the 100-year detention volume to satisfy local regulations.  This is not required per the USDCM.

Detention Volumes 2,5

DETENTION VOLUME BY THE FULL SPECTRUM METHOD

Pioneer Ranch
H

1) Effective imperviousness is based on Figure ND-1 of the Urban Storm Drainage Criteria Manual (USDCM).

Area of Watershed (acres)

Subwatershed Imperviousness
Level of Minimizing Directly Connected 

Impervious Area (MDCIA)

* User input data 
shown in blue.

2) Results shown reflect runoff reduction from Level 1 or 2 MDCIA and are plotted at the watershed's total imperviousness value; the impact 
of MDCIA is reflected by the results being below the curves.
3) Maximum allowable release rates for 100-year event are based on Table SO-1. Outlet for the Excess Urban Runoff Volume (EURV) to be 
designed to empty out the EURV in 72 hours. Outlet design is similar to one for the WQCV outlet of an extended detention basin (i.e., 
perforated plate with a micro-pool) and extends to top of EURV water surface elevation.

Recommended Horton's Equation Parameters for CUHP

Effective Imperviousness1

Type C or D

Decay             
Coefficient--
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THE8li PLANS ARB HBllBBY APPBOVBD FOB ONB l'liAB FBOJl 
DA.TB OF THB PUBLIC WORKS DDIBC'l'OB APPBOV.AL. 

R&eommend Approval By: 

Efo.gilleering Division Date 

Approved By: 

PubJ/c Works Department Date 
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~ 

KEY MAP 
SCALE: i "=600' 

-~UTIER FLO~ FR~ORTH 
TYPE "R" .. IN~T NO. 
L = 10' 

! 

'-. 

' ' 

. ~ 
® 

- ------ ---- -- -- - -

• 

PROJECT BENCHMARK 

DOUGLAS COUNTY CONTROL POINT 2010010. A STANDARD 
OOUGLJ..S COUN TY 3 1/ 4" ALUMINUM CAP ON STEEL ROD 
SET IN CONCRETE. LOCATED + \ - 140' SOUTH OF THE 
SOUlHEAST CORNER OF SECTION 26, T7S, R67YI. 
ELEVATION = 6365.0J' NA'vD 88 

"-.. 
TYPE "R" INLET NO. 

\\ 
\ L = 10' 

EXISTING 
STOCK POND 

/ / ( 
\ 

HAZEN/MOORE FILING 
PHASE Ill DRAINAGE 

PROPOSED CONDITIONS 

- ------- - - --·---

NO. 
MAP 

2 

VICINITY MAP 
SCALE: 1 "=2000' 

HAZEN/MOORE FILING 2 

Ol1char"• aummarv Oe ve10Ded Flow• 

PROJECT 
SITE 

• ,0 llf I A LI R 
Conltlbutfng Aru tn!Cl•I Storm M1jor storm 

1111111 •ch "1c111 
On (gn DHCIUPT10M 

03 1."0 0.7 3.1 Sh• • IFIOW 
lnletNo. t 

tnltl No .2 

'" • 
"' 

03,A 

o• 
O.I A 

03,04,01.A,A 

• 
03,04 ,06 .A,06 .B,A 

c 
D.1 

603 03 ,04,01 .A-8, A· D.1, F 

4 .10 

12.70 
3 .30 

20 .10 
t.10 

H .10 
1.10 
3 .30 

& 0 lnterc•pt 21 .10 

IOl ·A I03 Olvert•d to pond 
103-8 IOI Bypus 

O.IC + 0 .2 3 .7 0 

10 
11 
12 

2 .30 
2 .10 

1.110 
t .0 0 
3 .00 

4.70 

... ... 
1.6 ... 
3 .0 

17 .6 

'·' ... 
23 .3 

o.o 

... .., ... 
2 .1 
2.5 ... 
1 .7 

5 .0 

11 .I 
29.2 
1 .9 lnl t tHo .3 

47 .1 
1 .0 lnletNo.4 

1 2.3 P lp1 /lw1l1 ... 
11.2 

Total lo Olvenlon 

71.2 Manhol• 
i Pond lnnow a. 

39 .1 Hinh . Flow BWltU 
:"tlfti Pond tnnow Olr.c:l 

11 .0 
10 .a 
a .a lni.t No. 7 

11 .1 lnlet No. 7 ... 
28 .I lnlttNo.I (E. gutter) 
t.8 6htt 1Flowl 

u .o 

" " " 

lnl•rcept 
bypass 

H 
f.H.J 

02 
01,02 

0 1,0 2,K 
I 

a.ao a .a tt .3 1n1•tNo.11w.gu11u 

4 .00 8.1 19.4 lnltl No .I 

"' 
02,01,f·H,l-K 18 .10 :t·P ' •H70"'.ltl',! ~.iil~2.~P·~ P ond lnllow N.I 

18 0.10 u J.e 
17 L 0..40 1 .0 t.4 

::, oe ~ ::: ~ ~~~~.t P ond tnnow w. 
t-::.'i•"'•'-'7~~-=-t"'•,_,,o'l•"'•:..:D°G·'°''"~'i:"°,,_,'~'{i'~t•""o,_,o';•'°'•:.::O'I•i-::,~.,_,,'j,.o"£o-::_].~~~-ol! . .,. ~ ....... ~-'f;-S~ To111 Pond 1n11ow 

1t OT t.20 1.1 T.2 

20 oa 0 .2 0 

21 07,01 ,M 1.10 

0 .1 

3.0 
1.7 

10 .0 l n l•t No. 11 

22 N o .ao 4 .2 Flow to Met1lu 

0£TENT10N POND SUMMARY 

WATER SURFACE 
ELEVATION 

(ft) 

WA~..R QUAU1Y 
CAPf\JRE VOLUME 822&.D 

10 YR. STORAGE • 6227.B 

100 YR. STORAGE • 8228.9 

' • VOL INCUJDES WATER QUAU1Y VOL. 

LEGEND 
SUB- BASIN l.D . 
5 YEAR "c" VALUE 
100 YEAR "c" VALUE 
AREA IN ACRES 

TOTAL VOLUME 
(ac fl) 

REQUIRED PROVlDED 

0 .48 0.60 

1.50 1.65 

2.32 2.45 

/1. -~~GN _ f.2~~L ,-,.~··~ · - ··· _,. •M_.-., -··-·~ 
- ~PROPOSED SUB-BASIN BOUNDARY 

---- PROPOSED BASIN (NORTH & SOUTH) 
--5000-- PROPOSED CONTOUR 

-5000- - EXISTING CONTOUR 
CROSS PAN 

REl.£ASE RATE 
(cfe) 

40 HR RELf.ASE 

8.9 

29.3 

BOUNDARY 

TOWN OP CA8TLB ROCK APPROVALS 
THBBB PLANS ABB HllllBBY APPROVED FOR ONE YEAR PROM 

DAT.Ii OP 'l'HB PUBLIC WORKB DUIBC'l'OR APPROVAL. 

Recommend Approval By: 

En1Jneerlng Division Date 

Approved By: 

Public \Yorks Departm ent Date 
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KEY MAP 
SCALE; 1 "=600' 

/ 
) 
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I 
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I 

1 I 
, 44 , 
l 121 '14 sr 

PROJECT BENCHMARK 

DOUGLAS COUNTY CONTROL POIN T 2010010. A STANDARD 
DOUGLAS COUNTY 3 1/4 ~ ALUMINUM CAP ON STEEL ROD 
SET IN CONCRE TE. LOCATED +\ - 140' SOUTH OF THE 
SOU THEAST COONER or SECTION 26. T7S, R6 7W. 
ELEVA TI ON = 6365.0.:5' NAVO 8 8 

• •' I 
I \/ I t- 1 
I IL 1' 

I 
I 

--- - ----- --- ------

HAZEN/MOORE FILING 
PHASE Ill DR AINAGE 

NO. 
MAP 

/ 

PROPOSED CONDITIONS 

\ 
) 

---.... _ - -- ---
~•-iP.oi•~--.-"-: .:;..- ., ~ '---.;' 

\ 

I 
/ 

,/ --- - - ----
. -- - ·- ·-

\ 
"*<\ \ 
,I 

i I/ '------- -~ 
I, !' /. 
i I ~ 

50 

2 

25 50 100 

PROJECT 
SITE 

SCALE: 1 • = 50' 

SECTION A-A 

SWALE SECTION 
SCALE• 1/2"- 1' - o· 

Qc op = 100cfs 

SECTION B-B 

EMERGENCY SPILLWAY - DETENTION PONO 

SHIRE CIRCLE 
Smin. = 1X 
0 100 = 11.6cfs 
Yn = 2ft (min.) 

BELGIAN COURT 

SCALE: 1 ·=5' 

SECTION C- C 

~~; --8 ~~,. EMERGENCY SPILLWAY - FROM CUL-PE-SAC 
Yn - 2ft (min.) SCALE: 1 · = 5' 

LEGEND 
SUB-BASIN l.D. 
5 YEAR "C" VALUE 
100 YEAR "C" VALUE 
AREA IN ACRES 

ffi DESIGN POINT 

- - PROPOSED SUB-BASIN BOUNDARY 

---- PROPOSED BASIN (NORTH & SOUTH) 
BOUNDARY 

,.cJ.,,;~~-P"®'P'b'sE'if 'toNfOUR_,_,,_, 
- -5000- - EXI STING CONTOUR 

CROSS PAN 

TOWN OP CABTLB BOCK APPBOVALB 
'1'HE8B PLANS ABB HllllllllY APPROVED POB ONB YBAJI PBOJI 

DATB OP THB PUBLIC WORKS DIRBCTOB APPROVAL. 

R&eommend Approval By: 

Engineering DlvLslon Date 

Approved By: 

Public Works Department Date 
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BASIN DESIGNATION 

5 YEAR COEFFICIENTS 
100 YEAR COEFFICIENTS 

BASIN BOUNDARY 
(AMENDMENT No. 2) 

BASIN BOUNDARY 
(APPROVED PHASE 111) 
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EXISTING STORM DRAIN 
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~ LEGEND 

z <1 XX BASIN DESIGNATION ~@ 
l BASIN 'O: x x..u 5 YEAR COEFFI CIENTS 

'j ' :.: AREA :0
7 

100 YEAR COEFFICIEN TS 

i I j rawa a BASIN BOUNDARY 

~t 
~ i -

DIRECTIONAL FLOW 
ARROW 

HIGH POINT 

LOW POIN T 

~~ 
~i I1--~~~~~~~~~~--' 

tiQIE.; 100- YR FLOODPLAIN SHO\YN IS 
TAKEN FROM FIRM, TOWN OF CASTI..E 
ROCK, COLORADO, COMMUNITY PANEL 
NUMBER, 080050 0189 C. SEPTEMBER 
30, 198 7. 
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~1
~ LEGEND 

z ; BASIN@,.,x x,' '.'. BASIN DESIGNATION 
,... ~ 5 Y(AR COEFFICIENTS 

~ ; : AREA 100 YEAR COEFflCIENTS 

J " i 
d ~ 

~,: 
~r 

BASIN BOUNDARY 

DE SIGN POINT 

DIRECTIONAL f"LOW 
ARROW 

HIGH POINT ~~ @ 
~ ~~'1-~~~-LP~~~Lo_w~Po_1N_T~~~_J 

t::!QIE.; 100- YR FLOODPLAIN SHOYIN JS 
TAKEN FROM FIRM. TOWN OF CASTLE 
ROCK, COlORAOO. COMMUNITY PANEL 
NUMBER, 080050 0189 C, SEPTEMBER 
30, 1987. 

---- - -------- - --·-- - - - --- -- -- ---- ------

DESIGN TRIBUTARY 
POINT ARE A 

(ACltCSI 

' ..• 
2 0 .8 

' l.9 . " 5 1- 5 
6 ,_, 
7 1-5 
8 0.8 
9 l .8 

56 .• 
J0.5 

10 .37.J 
l( '-' 
12 20.0 

" 12.4 .. 0.9 
15 1- 0 
16 2.6 
17 J.O ,. J _l 

5-YR 100-YR DESIGN 
RUNOFF RUNOFF P OINT 

'"'' '"'' >.; ·-· 19 
l. O 1.8 20 
1.• u 2J 
5.J 9 5 22 
1-8 ,_, 

" 5.J 9.6 " 2,J ,. 25 
1-0 1-9 " 2.2 <.O 27 

41.0 194.0 28 
21.0 97.0 29 
20.0 95.0 JO 
5.7 10.J " 18.7 33.8 " 6.5 11.7 " • .I 7.5 ,. .., 7.8 J5 
S.1 9.2 "' 6.1 11.1 " 5.6 10.2 JS 

TRIBUTARY 5 -YR 100-YR DESIGN TRIBUTAR Y 5 - YR 
AREA RUN OFF RUNOFF POINT AREA RUNOff 
(~) ""' '"'' ( ~~Ul (O'S) --,,,,- ,_, ,,_ 

J9 ·-· ,, 
9.6?? 16 .0 JO.O • O 3. 0 2.2 
75 8.0 14.6 4J J.7 1.6 
2.J 2.9 5.J • 2 : .5 5.6 
1-6 2. J J.9 ., 2">.0 16.6 
5.0 J9 7.1 " 50 2.8 
J _l 7.8 14.2 • 5 J. 7 2.0 ,_, 6.9 12.6 46 l. 8 2.J 
5.0 6.0 10.9 " 1.4 2.1 
2.9 ,_. 6.9 •• J. 7 4.6 ,_. • .5 8.2 • 9 2.2 2.6 
7- • 5. l 9.7 50 2.1 2.6 
5.S 6.J 11.5 S> O.J l.J 

'" "' 7_7 52 0.9 1-2 
1-0 )_J 2.5 SJ 1.0 2.5 
7. • 7_5 1.l.5 S< J.6 • .9 

'" 4.2 7.6 55 J.9 s.o 
2.J S.8 10.6 56 "' J .0 
0.9 2,J •.1 57 1.9 <.6 
)_J 1-8 J.4 58 7.8 7.1 

RUNOFF SUMMARY TABLE 
100- YR DE SIGN TRIBUTARY 5-YR 100-YR DESIGN TRIBU TARY 5 - YR 100-YR 
RUNOFr P OIN T AREA RUN Off RUNOFF POINT AREA RUN Off RUNOFF 

CO'S) '""'" {O'S) "'" (.O.Cl'!(S} (~) (~) 
JO. J 59 .. 5 . JO.< 79 = b . _, 
<.O 60 > 5 4.5 ._, 80 5.0 u 77 
• .7 " " 2.8 5.J 8> 0.5 2.J u 
10.3 62 07 J _O 5_5 8 2 . ' 5' 9 7 
J4 .0 " '- • J .9 7. 0 ., • -1 :;_J 9_7 

" 6< " 5 42.0 8 1.0 8 • • O .. 8.7 
J .5 65 9. J 17.0 32.0 85 J .8 • .6 8-• 
• -2 66 5.J 5.7 10.4 86 1- 8 '-' • .2 
J .9 67 8.1 8 6 15.6 87 7J " 13.4 •-• .. 0.7 1-6 2.9 88 6 .1 13. 4 24.2 
4.7 69 J _7 J .O 5.5 89 2.8 1-6 2.8 

·-· 70 8.9 13.0 25.0 90 '-' '-' 2.6 
2.4 71 1-8 2.J '" 9> 1-7 2.2 4.0 
2.2 72 4.6 ,_o 7.J 92 )_J " J. 2 
4.6 " J .J 4.1 7.5 ., 1- 0 " 2. 4 
8.9 74 4.9 5.J 9.J 94 2.J 2.7 • -9 
9.1 75 2. 4 J _l S.6 95 • -2 2.9 5.J 
5.5 76 1-0 l.J 2. J 96 6.0 7.1 12.9 
8.4 77 7.0 7.8 1'4 . 1 97 0.2 '-' 2.0 
12.8 78 2.1 2.6 4.8 98 2.1 2.0 J .6 

DESIGN TRIBU TAR Y 5- YR 100- YR OE SIGN TRIBUTARY 
POINT ARE A RUNOfT RUN Off POIN T ARE A ,_ , (CfS) '"'' ( .O.CllES) ., ,_. 119 . 8 

JOO • .5 1.8 5.0 120 J .9 
101 J .O 4.2 7.6 >21 2.8 
>01 0 . 1-5 27 "' l.9 
)OJ 2.7 J. 4 " "' 1-9 
>O• l.J " 

,, 
"' O < 

>05 5.6 6. J 11 . 1 >2 5 21 
106 2.5 J _l 5 7 126 • .5 
>07 ·-· 5.0 9.0 
108 32.0 17.9 .32.5 
109 0.6 0.4 0. 8 
11 0 4.J ._, 8.5 
Il l 4.0 4_9 9.0 
112 2.J 2.7 •. 9 
11' 1-0 )_J 2• 
11' 6.6 J.8 6. 9 
115 J _l •-o 7. 2 
116 6. J "' 13. 2 
117 0.9 '" 7_5 
118 6.S J . 7 6.7 

1 inch - 300' ft. 

5 - YR 100 YR 
RUNOFF RUNOf f 

'"'' '"'' l J. ,, . 
' -' 7_5 
J .2 5.9 
2.J " 1.9 5.J i J. 9 J .5 

I 
,_, J .S 
7.2 95 

' r 

~ hH 8 ..a ti-.;£ 

~ 
g2 €0 

~ 1 8,g ~ 
" ~ ~ Q. a. 
n -g_ ~~ ~ 

~j ~~ 
N ~ -rlfi Oo 

~ ~~ ~~- ~ ~ 
~ o 

lii; 
~ ~ i : '-ti! 

~ 115 5 
~ - N 

~ 

0 
0 "' 0 :c ~ ... 

z ..... 0 

w a 
~ w ..... 

CJ ..J !i 
IO z c( ::> 

z "' w _J 0 ..... 
< 

LL 
j:: 0 

c( 
cc en ..J w - ..J 

f- > c( 
cc 

<C ..... w 
f- iii > 
en :c 0 0 

_J x _J 

w w ai 
w w ..... 

en <!J < ..... 
c( "' 

~ z w 

"' <C c( "" < 
cc 0 

0 0 w 
_J ..... 

0 "' < w w 0 

_J 0... a: 
0 

f- 0 IL 

..J fil en w a: 
> < 

<C "-w w 
a: 

0 "-

DATE PRINTED 

I g~_::T~ ~:,o:g~_ 

VIII 
SCALE 

\!RJJCAL: / "• N/ A 
HORIZOHfAL: 1°• JOO' 

• 
~ 



------- - - - -

. I'---
er: 
0 

; I-

--

LEGEND 

@ BASJN OESJGNATION 

BASJN 5 YE AR COEFFICIENTS 
AREA 100 YEAR COffFlCIENTS 

BASIN BOUNDARY 

& 0£SJGN POlNT 

.... DIRECTIONAL Ft Ow 
ARROW 

@ t-IGH POINT J 

t:? @) LOW POJN T 

~ • . u 
I 

~~ 

• !I . -
,... 

0 
z 
..... ~ ....... 

Cl 
z 
.....I 
lL 

en 
w 
I-
<( 
I-
en 
w 
en 
~ 
<( 

0 
w 
....J 
I-
en 
<( 

0 
0 

"' 0 
0 
co 
w z 
=l 

:r- Ci 
.... w 
w § 
:E ~ 
-' 
<( 
z 
0 
j:: 

<( <( 
...!.. a: 
> 

I 

!= w 
g;'! (!J 
:::c <( 
>< z w :;: 

a: 
0 

Cl 
w 
a.. 
0 
-' w 
> w 
Cl 

" z 
a: .. .. 
z 

" z .. 
Q 

z 
··O 

)o .. 
Ill 

DR6 

g 

"' w 
I­
<( 
0 

0 
-' 
-' 
<Ji 
w 
I-

~ 
"' w 

"' "" < 
0 
w 
-' 
I-

"' <( 
0 

ci:' 
0 
IL. 

0 
w a: 
< 
CL 
w g: 

N>< 

~;:: 
., i; 

~~ 
.,~ 

1: 
>-I= 

~~ 
~; 

Of 10 SHE 

SCALE 
~nCJ.L: l "• N/A 
HMIZOHTAL l 0• 100' 

~---~~~~~-'-~~~~~~~~~~~~~~~~~~~~~~--~~~~~~~~~~~~~~~~~~~~~~~--....,,,,~~..,,-,....L--~~~ 



BASIN DESIGNA TJON 

5 YEAR COEFTICIENTS 
lOO YE._R COEFflaENTS 

BASIN i!OUNDARY 

DESIGN POINT 

DIRECTIDNAL Fl OW 
ARROW 

HIGH PDINT 

LOW PmNT 

SEE SHEET DR10 

I 

,. 

s E E s H E E T DR6 

~ ~ 

• i . -
,... 
. 

0 
z 
"~ 

,....,r' ~ 

CJ 
z 
....I -u.. 
Cl) 
w 
I-
<( 
I-
Cl) 
w 
Cl) 

~ 
<( 
0 

w 
....I 
I-
Cl) 
<( 

or 

__. 
<( 
z 
0 
i= 

<( <( 
>(a: 

I 

t-w 
m~ 
:::r: <( 
><z w <( 

a: 
0 

0 
w 
a.. 
0 
...J 
UJ 
> w 
0 

DRS 
10 

SCALE 
'f£R»CAL: l

0

•N/A 
HORJlOOTAL: I"• 100' 

JOB NULi R 

DV1383 

"' 0 
0 

"' LU 

~ ..., 

0 
-' 
-' 
u; 
LU ,_ 
< ,_ 
Cf) 
LU 

Cf) 

"" < 
0 
LU 
-' ,_ 
Cl) 

< 
0 

a: 
0 
u. 
Cl 
LU a: 
< 
0.. 
LU a: 
0.. 

I 

f 
h 
I 



BASIN BOUNDARY 

DESIGN POIN T 

DIRECTIONAL n OW 
-- ARROW-

HIGH PO!NT 

LOW POINT 

t 
I I 

-~------

O') 

~~ 0::: 
\ 0 

I-
w 
w 
I 
Cl) 

w 
w 
CJ) 

_:g ,£ s c 'i 6 
~ ~-b "'5. 

~ i=!~ 
~ 

g ~ ~o . l ~8 g 

ul i~~~ ., ~-. 

~j~~ 

~ ~ Ii fl 
t~~ ~ 

• i Hi.~ 
~ts" E 

E~~§ 
!I -

~ 

o> . 0 

0 
0 

"' w z 0 z 
0 

::> ..., 

Cl 
:c -o ..... w 
w 

,_ 
z ,_ 

::!!! :E 
m 

...J 
::> 

..J "' 
<C w u.. ,_ 
z < 

0 
c 

en j::: 
w w <C 

I a: I- > 
<( I 

I- ..... w 

en ~ <.!1 0 
I<C -' 

w ><z -' 

w- en 
<C w ,_ 

en a: < ,_ 
0 "' 

~ 
w 

0 "' <( "' w < 
0 

0 a... w 
0 -' ,_ 
-I (/) 

< w w 0 

...J > a: w 0 

I- 0 
.... 
c 

en w a: 

<( 
< n. w a: 
n. 

" ~ z 
er: E 
IU .. 
z 

" 
g 
N>< 

z ~~ IU , :;: 
Q :;;~ 
z ~g 

.tJL.~,I!! . 
>- r IU ~ 
• g~ 

~g 

DRlO 
Of 10 SH' TS 

SCALE 
l!RnCAL: 1 • .. fJ/A. 
HORIZONfAl: f"• 100· 

JOB UM 

DV1383 

-~ -. 


	1635_001
	1636_001
	1636_005
	1636_007
	1636_009
	1636_011
	1636_015
	1636_019
	1636_022
	1636_025
	1636_029
	1636_032
	1636_035

