
 

 

 
 

 
 
 
 
 
 
 
 
 

 
Exhibit E: Preliminary Stormwater 

Management Memo 
 

Exh
ib

it E: P
relim

in
ary Sto

rm
w

ate
r M

an
agem

en
t M

em
o

  



PRELIM
IN

ARY



 

12965 SW Herman Road, Suite 100 
Tualatin, OR  97062 
P: (503) 563‐6151 
www.aks‐eng.com 

 
 
 

Hillcrest	Planned	Development	
Master	Plan	Update	
Mcminnville,	Oregon	

	
	

Preliminary	Stormwater	
Report	

	
 

 
 

 
 
 

 

  Date:          March 13, 2017 
   
	 	 Client:	        West Hills Properties, LLC 
          P.O. Box 731 
          McMinnville, OR 97128 
           
    Engineering	Contact:    Paul Sellke, PE, GE 
          PaulS@aks‐eng.com 
   
    Engineering	Firm:      AKS Engineering & Forestry, LLC 

       



 

 
 

Table	of	Contents	
1.0  PURPOSE OF REPORT ................................................................................................................. 1 
2.0  PROJECT LOCATION/DESCRIPTION ............................................................................................. 1 
3.0  REGULATORY DESIGN CRITERIA .................................................................................................. 1 

3.1  Stormwater Quantity ............................................................................................................... 1 
3.2  Stormwater Quality .................................................................................................................. 1 

4.0  DESIGN PARAMETERS ................................................................................................................ 2 
4.1  Design Methodology ................................................................................................................ 2 
4.2  Design Storm ............................................................................................................................ 2 
4.3  Pre‐Developed Site Conditions ................................................................................................ 2 

4.3.1  Site Topography ........................................................................................................... 2 
4.3.2  Land Use ....................................................................................................................... 2 

4.4  Soil Type ................................................................................................................................... 2 
4.5  Post‐Developed Site Conditions ............................................................................................... 2 

4.5.1  Site Topography ........................................................................................................... 2 
4.5.2  Land Use ....................................................................................................................... 3 
4.5.3  Post‐Developed Input Parameters ............................................................................... 3 
4.5.4  Description of Off‐Site Contributing Basins ................................................................. 3 

5.0  STORMWATER ANALYSIS ........................................................................................................... 3 
5.1  Post‐Developed Stormwater Peak Flow Comparison .............................................................. 3 

 
Tables	

Table 4‐1:  Rainfall Intensity ......................................................................................................................... 2 
Table 5‐1:  Post‐Developed Total Drainage Basin Peak Flow Comparison ................................................... 3 
 

Figures	
FIGURE 1:  VICINITY MAP 
FIGURE 2:  POST‐DEVELOPED BASIN DELINEATION 
 

Appendices	
APPENDIX A:  POST‐DEVELOPED SITE WITH OFFSITE BASINS 10‐YEAR STORM EVENT ANALYSIS 
APPENDIX B:  WEST HILLS PROPERTIES STORMWATER REPORT  
APPENDIX C:  HYDROLOGICAL SOIL GROUP MAPS  
APPENDIX D:  TR55 RUNOFF CURVE NUMBERS 

   



 

Hillcrest	Master	Plan	–	City	of	McMinnville	 March,	2017	
Final	Stormwater	Report     1 

Preliminary	Stormwater	Report	
HILLCREST	PLANNED	DEVELOPMENT		

MASTER	PLAN	UPDATE	
MCMINNVILLE,	OREGON	

 
1.0		 Purpose	of	Report	
This report evaluates the effects of the master plan update on the existing seasonal drainage swales and 
downstream system. We will document the criteria, methodology, and informational sources used to 
evaluate the anticipated stormwater runoff due to the modified subdivision, and present the results and 
comparison of our analyses to the original stormwater report.    
 

2.0		 Project	Location/Description	
The proposed residential subdivision is planned for north of W 2nd Street, west of NW Mt. Mazama 
Street, and south of NW Fox Ridge Road in the City of McMinnville, Oregon (City). The property 
proposed for development encompasses 132.2 acres (Tax Lot 801, Tax Map 4S‐5‐24). 
 
The phased planned development will create a 647‐lot residential subdivision for single‐family detached 
and attached homes and multi‐family apartment units. The proposed modification to the master plan 
proposes a maximum total of 488 new single‐family units to be constructed with future phases (91 
single‐family homes and 68 multi‐family apartments have already been constructed/platted). The site 
improvements will include the construction of public streets, underground utilities, and new stormwater 
facilities. Additional stormwater facilities will be incorporated into the subdivision to meet state and 
federal requirements for wetland fill permits.   

 
3.0		 Regulatory	Design	Criteria	
3.1 STORMWATER QUANTITY 
Stormwater quantity management for this project currently uses the existing regional stormwater 
facility, which was designed to detain the stormwater runoff from the 10‐year storm event (see the 
West Hills Properties Stormwater Report included in Appendix B for additional information). Additional 
stormwater facilities (vegetated swales and/or extended dry basins) will be incorporated into the future 
phases of the subdivision to meet stormwater quantity requirements for state and federal wetland fill 
permit requirements (SLOPES V).  
 
The existing regional stormwater facility, built in 2007, and the Valley’s Edge Subdivision storm 
conveyance system (stormwater master plan for all subdivision phases) were designed using the 1991 
City of McMinnville Storm Drainage Master Plan. This report will evaluate the proposed stormwater 
runoff quantities utilizing the 2009 Storm Drainage Master Plan standards.     
 

3.2 STORMWATER QUALITY  
The City currently does not require stormwater quality treatment for stormwater runoff. Stormwater 
facilities (which will include water quality treatment) will be incorporated where necessary, as each 
phase develops, to meet the stormwater quality requirements to obtain state and federal wetland fill 
permits. The modifications will preserve the open channel waterways, which are recommended for 
water quality measures within Section 9.6.3 of the 2009 Storm Drainage Master Plan. 
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4.0		 Design	Parameters	
4.1 DESIGN METHODOLOGY 
The stormwater runoff analysis was completed using the Santa Barbara Urban Hydrograph (SBUH) 
Method. This method uses the Soil Conservation Service (SCS) Type 1A 24‐hour design storm. HydroCAD 
10.0 computer software aided in the analysis. The Natural Resources Conservation Service (NCRS) 
Technical Release 55 (TR‐55) provided representative curve numbers (CNs) and selected values are 
identified in Appendix D. 
 

4.2 DESIGN STORM  
Per City of McMinnville 2009 Master Plan requirements, the stormwater analysis utilized the 24‐hour 
storm event for the evaluation of the pre‐ and post‐developed stormwater runoff. The following 24‐hour 
rainfall intensity was used as the design storm for the recurrence interval: 
 

Table 4‐1:  Rainfall Intensity 

Recurrence Interval 
(years) 

Total Precipitation Depth 
(inches) 

10  3.8* 

 
*The original stormwater report by Westech used a 24‐hour, 10‐year rainfall intensity of 3.6 inches as 
required at the time of subdivision approval. 
 

4.3 PRE‐DEVELOPED SITE CONDITIONS 
4.3.1  Site Topography 
Existing on‐site grades vary from ± 1% to ± 30%, with open seasonal swales running throughout the 
western side of the property and draining towards the south (existing W 2nd Street). The site has a high 
point of ± 440 feet in the northwest corner and a low point of ±195 feet near the southern boundary 
along SW Redmond Hill Road.  
 

4.3.2 Land Use 
The pre‐developed site is vacant land and currently comprises pasture land and/or wooded areas.  
 

4.4 SOIL TYPE 
Per the 2009 McMinnville Storm Drainage Master Plan, the soils found in the City of McMinnville area 
are generally silt loams with low to moderate permeability. The soils were grouped into NRCS Hydrologic 
Groups A, B, C, or D. By overlaying the City’s Hydrological Soil Groups Map on the site, the underlying 
soils were determined to range from Groups A to D soils. The off‐site basins were assumed to be Group 
C soils since most of the property is comprised of the same. Appendix C includes a map with the location 
of the hydrologic soil groups and an overlay of the site. 
 

4.5 POST‐DEVELOPED SITE CONDITIONS 
4.5.1 Site Topography 
The on‐site slopes will be modified with cuts and fills to accommodate the construction of public streets 
and associated utilities. Additionally, sloped residential building pads will be constructed adjacent to the 
public right‐of‐way. Significant grading (cuts/fills) will be required to develop the site due to the site’s 
topography.  
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4.5.2 Land Use 
The post‐developed site land use will consist of a multi‐phase 647‐lot, single‐ and multi‐family 
residential subdivision with associated streets, sidewalks, and underground utilities. 
 

4.5.3 Post‐Developed Input Parameters 
Appendix A of this report includes the HydroCAD Report generated for the analyzed storm event. The 
report includes the parameters (e.g., impervious/pervious areas, time of concentration, etc.) applied to 
model the post‐developed hydrology. 
 

4.5.4 Description of Off‐Site Contributing Basins 
Off‐site basins (Basins 160X, 170X, 180X, 190X, 200X, 210X, 220X, 230X, 240X, 250X, 260X, 270X and 
280X) currently convey flow through the project site by a system of seasonal swales running north to 
south. To accommodate the flow coming from these off‐site basins, the seasonal swales will maintain 
their current alignment (when possible) and road crossing culverts will be designed to convey the 10‐
year storm event. 
 

5.0		 Stormwater	Analysis		
5.1 POST‐DEVELOPED STORMWATER PEAK FLOW COMPARISON 
The City requires all proposed developments to provide stormwater detention of the post‐developed 
10‐year storm event peak runoff to the pre‐developed 10‐year storm event peak runoff. Stormwater 
quantity management will be satisfied with an existing regional stormwater pond located west of SW 
Valley’s Edge Street and north of SW Redmond Hill Road. The West Hills Properties Stormwater Report, 
dated September 2007, states that the existing regional facility has been sized to provide stormwater 
detention for the full development of Tax Lot 801.  
 
The following table presents the results for the total peak flow for the post‐developed total drainage 
basin and the comparative results with respect to the West Hills Properties Stormwater Report prepared 
by Westech Engineering. 
 

Table 5‐1:  Post‐Developed Total Drainage Basin Peak Flow Comparison 

Report  10‐year, 24‐Hour Developed Flows (cfs) 

Westech Engineering  199.1 

AKS Engineering & Forestry, LLC  191.4 

 
As shown above, the increase in the number of lots does not result in an increase in the overall 
stormwater runoff volumes due to the conservative assumptions used in the original stormwater 
analysis. (i.e., impervious area based on density vs actual lot area).  
 
As outlined in the Westech Stormwater Report, the existing regional stormwater facility in the West Hills 
Neighborhood Park was designed to detain stormwater runoff during the 10‐year storm event. 
However, due to jurisdictional water/wetland impacts, new stormwater facilities are required within the 
subdivision to meet the state and federal permit requirements due to wetland impacts. These facilities 
will further detain stormwater runoff for lower storm events and be incorporated into the subdivision as 
needed for future development phases of the site, likely requiring reductions in the number of lots to 
provide space for the facilities.  
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Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

28.537 61 1/4 acre lots, 38% imp, HSG A  (160X, 260X)

354.160 83 1/4 acre lots, 38% imp, HSG C  (130S, 160X, 170X, 180X, 190X, 200X, 210X, 220X, 

230X, 240X, 250X, 260X, 270X, 280X)

3.833 87 1/4 acre lots, 38% imp, HSG D  (250X, 260X)

2.032 98 28% Impervious Area on Lots  (150S)

17.007 39 >75% Grass cover, Good, HSG A (lots)  (20S, 30S, 50S, 60S, 80S, 90S, 100S, 110S)

7.808 74 >75% Grass cover, Good, HSG C  (140S)

5.758 74 >75% Grass cover, Good, HSG C (ROW)  (20S, 30S, 40S, 50S, 60S, 70S, 80S, 

100S, 110S, 120S, 150S)

54.522 74 >75% Grass cover, Good, HSG C (lots)  (10S, 20S, 30S, 40S, 50S, 60S, 70S, 80S, 

100S, 110S, 120S, 150S)

2.453 80 >75% Grass cover, Good, HSG D (lots)  (110S, 120S)

19.901 98 Impervious Area in ROW  (20S, 30S, 40S, 50S, 60S, 70S, 80S, 100S, 110S, 120S, 

150S)

6.485 98 Impervious Area on Lots (2640 sf x 107 lots)  (110S)

1.273 98 Impervious Area on Lots (2640 sf x 21 lots)  (10S)

4.727 98 Impervious Area on Lots (2640 sf x 26 lots)  (20S, 50S, 60S)

1.948 98 Impervious Area on Lots (2640 sf x 31 lots)  (40S)

2.242 98 Impervious Area on Lots (2640 sf x 37 lots)  (80S)

2.303 98 Impervious Area on Lots (2640 sf x 38 lots)  (90S)

2.424 98 Impervious Area on Lots (2640 sf x 40 lots)  (120S)

3.091 98 Impervious Area on Lots (2640 sf x 51 lots)  (30S)

3.273 98 Impervious Area on Lots (2640 sf x 54 lots)  (100S)

0.545 98 Impervious Area on Lots (2640 sf x 9 lots)  (70S)

1.933 30 Woods, Good, HSG A (natural resource easement)  (50S, 90S)

6.041 70 Woods, Good, HSG C (natural resource easement)  (10S, 40S, 50S, 60S, 80S, 110S)

532.296 80 TOTAL AREA
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Soil Listing (all nodes)

Area

(acres)

Soil

Group

Subcatchment

Numbers

47.477 HSG A 20S, 30S, 50S, 60S, 80S, 90S, 100S, 110S, 160X, 260X

0.000 HSG B

428.289 HSG C 10S, 20S, 30S, 40S, 50S, 60S, 70S, 80S, 100S, 110S, 120S, 130S, 140S, 150S, 

160X, 170X, 180X, 190X, 200X, 210X, 220X, 230X, 240X, 250X, 260X, 270X, 

280X

6.286 HSG D 110S, 120S, 250X, 260X

50.244 Other 10S, 20S, 30S, 40S, 50S, 60S, 70S, 80S, 90S, 100S, 110S, 120S, 150S

532.296 TOTAL AREA
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Time span=0.00-24.00 hrs, dt=0.05 hrs, 481 points
Runoff by SBUH method, Split Pervious/Imperv.

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=229,654 sf   24.14% Impervious   Runoff Depth>1.91"Subcatchment 10S: 
   Tc=5.0 min   CN=73/98   Runoff=2.25 cfs  0.838 af

Runoff Area=332,852 sf   40.71% Impervious   Runoff Depth>2.12"Subcatchment 20S: 
   Flow Length=2,080'   Tc=5.8 min   CN=69/98   Runoff=3.61 cfs  1.351 af

Runoff Area=734,581 sf   41.15% Impervious   Runoff Depth>2.10"Subcatchment 30S: 
   Flow Length=2,042'   Tc=5.3 min   CN=68/98   Runoff=7.86 cfs  2.949 af

Runoff Area=387,551 sf   25.74% Impervious   Runoff Depth>1.94"Subcatchment 40S: 
   Flow Length=1,462'   Tc=7.7 min   CN=73/98   Runoff=3.76 cfs  1.438 af

Runoff Area=406,337 sf   33.01% Impervious   Runoff Depth>1.71"Subcatchment 50S: 
   Flow Length=1,565'   Tc=8.3 min   CN=63/98   Runoff=3.17 cfs  1.332 af

Runoff Area=335,735 sf   31.22% Impervious   Runoff Depth>2.02"Subcatchment 60S: 
   Flow Length=1,528'   Tc=7.5 min   CN=72/98   Runoff=3.41 cfs  1.294 af

Runoff Area=151,887 sf   34.18% Impervious   Runoff Depth>2.17"Subcatchment 70S: 
   Flow Length=885'   Tc=6.7 min   CN=74/98   Runoff=1.72 cfs  0.630 af

Runoff Area=531,993 sf   28.01% Impervious   Runoff Depth>1.73"Subcatchment 80S: 
   Flow Length=2,297'   Tc=11.0 min   CN=67/98   Runoff=4.09 cfs  1.757 af

Runoff Area=285,400 sf   35.15% Impervious   Runoff Depth>1.25"Subcatchment 90S: 
   Flow Length=1,350'   Tc=8.6 min   CN=36/98   Runoff=1.98 cfs  0.683 af

Runoff Area=632,182 sf   39.90% Impervious   Runoff Depth>1.49"Subcatchment 100S: 
   Flow Length=2,165'   Tc=7.6 min   CN=44/98   Runoff=5.03 cfs  1.797 af

Runoff Area=1,048,600 sf   40.00% Impervious   Runoff Depth>2.20"Subcatchment 110S: 
   Flow Length=3,711'   Tc=15.5 min   CN=72/98   Runoff=10.62 cfs  4.421 af

Runoff Area=475,503 sf   37.76% Impervious   Runoff Depth>2.27"Subcatchment 120S: 
   Flow Length=3,926'   Tc=17.7 min   CN=75/98   Runoff=4.89 cfs  2.068 af

Runoff Area=2,606,901 sf   38.00% Impervious   Runoff Depth>2.25"Subcatchment 130S: 
   Flow Length=3,735'   Tc=9.2 min   CN=74/98   Runoff=29.87 cfs  11.199 af

Runoff Area=340,109 sf   0.00% Impervious   Runoff Depth>1.44"Subcatchment 140S: 
   Flow Length=640'   Slope=0.0600 '/'   Tc=9.7 min   CN=74/0   Runoff=2.18 cfs  0.939 af

Runoff Area=457,197 sf   44.66% Impervious   Runoff Depth>2.39"Subcatchment 150S: 
   Flow Length=693'   Tc=8.3 min   CN=74/98   Runoff=5.71 cfs  2.088 af

Runoff Area=896,268 sf   38.00% Impervious   Runoff Depth>1.74"Subcatchment 160X: OFFSITE
   Tc=5.0 min   CN=59/98   Runoff=7.23 cfs  2.976 af
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Runoff Area=239,159 sf   38.00% Impervious   Runoff Depth>2.24"Subcatchment 170X: OFFSITE
   Flow Length=2,530'   Tc=17.0 min   CN=74/98   Runoff=2.43 cfs  1.024 af

Runoff Area=30,593 sf   38.00% Impervious   Runoff Depth>2.24"Subcatchment 180X: OFFSITE
   Flow Length=665'   Tc=13.9 min   CN=74/98   Runoff=0.33 cfs  0.131 af

Runoff Area=2,202,039 sf   38.00% Impervious   Runoff Depth>2.23"Subcatchment 190X: OFFSITE
   Flow Length=2,997'   Tc=29.1 min   CN=74/98   Runoff=18.81 cfs  9.373 af

Runoff Area=32,333 sf   38.00% Impervious   Runoff Depth>2.24"Subcatchment 200X: OFFSITE
   Flow Length=1,070'   Tc=12.8 min   CN=74/98   Runoff=0.35 cfs  0.139 af

Runoff Area=1,802,806 sf   38.00% Impervious   Runoff Depth>2.22"Subcatchment 210X: OFFSITE
   Flow Length=3,796'   Tc=31.6 min   CN=74/98   Runoff=14.93 cfs  7.665 af

Runoff Area=228,043 sf   38.00% Impervious   Runoff Depth>2.24"Subcatchment 220X: OFFSITE
   Flow Length=1,152'   Tc=14.9 min   CN=74/98   Runoff=2.39 cfs  0.977 af

Runoff Area=2,806,985 sf   38.00% Impervious   Runoff Depth>2.23"Subcatchment 230X: OFFSITE
   Flow Length=4,118'   Tc=28.5 min   CN=74/98   Runoff=24.17 cfs  11.952 af

Runoff Area=921,256 sf   38.00% Impervious   Runoff Depth>2.23"Subcatchment 240X: OFFSITE
   Flow Length=2,410'   Tc=23.6 min   CN=74/98   Runoff=8.47 cfs  3.932 af

Runoff Area=210,435 sf   38.00% Impervious   Runoff Depth>2.25"Subcatchment 250X: OFFSITE
   Tc=5.0 min   CN=74/98   Runoff=2.51 cfs  0.906 af

Runoff Area=2,138,570 sf   38.00% Impervious   Runoff Depth>1.76"Subcatchment 260X: OFFSITE
   Flow Length=1,790'   Tc=9.7 min   CN=60/98   Runoff=16.91 cfs  7.201 af

Runoff Area=255,803 sf   38.00% Impervious   Runoff Depth>2.23"Subcatchment 270X: OFFSITE
   Flow Length=3,690'   Tc=26.8 min   CN=74/98   Runoff=2.25 cfs  1.090 af

Runoff Area=2,466,021 sf   38.00% Impervious   Runoff Depth>2.23"Subcatchment 280X: OFFSITE
   Flow Length=3,163'   Tc=25.8 min   CN=74/98   Runoff=22.00 cfs  10.513 af

Avg. Flow Depth=3.10'   Max Vel=3.52 fps   Inflow=138.13 cfs  68.330 afReach 1R: Existing Channel
n=0.080   L=310.0'   S=0.0226 '/'   Capacity=248.44 cfs   Outflow=138.05 cfs  68.264 af

Avg. Flow Depth=1.24'   Max Vel=2.64 fps   Inflow=91.29 cfs  45.535 afReach 2R: Existing Channel
n=0.080   L=264.0'   S=0.0347 '/'   Capacity=596.25 cfs   Outflow=91.21 cfs  45.477 af

Avg. Flow Depth=1.16'   Max Vel=2.77 fps   Inflow=85.51 cfs  42.050 afReach 3R: Existing Channel
n=0.080   L=768.0'   S=0.0428 '/'   Capacity=662.85 cfs   Outflow=84.68 cfs  41.903 af

Avg. Flow Depth=1.61'   Max Vel=2.97 fps   Inflow=38.69 cfs  17.715 afReach 4R: Existing Channel
n=0.080   L=1,340.0'   S=0.0351 '/'   Capacity=2,366.15 cfs   Outflow=37.02 cfs  17.618 af

Avg. Flow Depth=1.06'   Max Vel=3.18 fps   Inflow=80.99 cfs  39.807 afReach 5R: Existing Channel
n=0.080   L=212.0'   S=0.0665 '/'   Capacity=825.92 cfs   Outflow=80.97 cfs  39.774 af

Avg. Flow Depth=0.80'   Max Vel=2.74 fps   Inflow=40.01 cfs  19.855 afReach 6R: Existing Channel
n=0.080   L=537.0'   S=0.0739 '/'   Capacity=870.78 cfs   Outflow=39.72 cfs  19.808 af
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Avg. Flow Depth=0.53'   Max Vel=2.83 fps   Inflow=19.13 cfs  9.505 afReach 7R: Existing Channel
n=0.080   L=846.0'   S=0.1162 '/'   Capacity=3,539.93 cfs   Outflow=18.85 cfs  9.468 af

Avg. Flow Depth=0.42'   Max Vel=3.19 fps   Inflow=21.64 cfs  10.430 afReach 8R: Existing Channel
n=0.080   L=905.0'   S=0.1197 '/'   Capacity=670.49 cfs   Outflow=21.27 cfs  10.387 af

Avg. Flow Depth=1.02'   Max Vel=3.19 fps   Inflow=42.30 cfs  20.085 afReach 9R: Existing Channel
n=0.080   L=1,126.0'   S=0.0728 '/'   Capacity=1,290.64 cfs   Outflow=41.27 cfs  19.998 af

Avg. Flow Depth=0.61'   Max Vel=3.43 fps   Inflow=40.66 cfs  19.247 afReach 10R: Existing Channel
n=0.080   L=857.0'   S=0.0881 '/'   Capacity=551.68 cfs   Outflow=40.10 cfs  19.179 af

   Inflow=191.37 cfs  91.980 afLink 1L: Discharge to Stormwater Facility
   Primary=191.37 cfs  91.980 af

Total Runoff Area = 532.296 ac   Runoff Volume = 92.662 af   Average Runoff Depth = 2.09"
62.97% Pervious = 335.170 ac     37.03% Impervious = 197.125 ac
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Summary for Subcatchment 10S: 

Runoff = 2.25 cfs @ 7.98 hrs,  Volume= 0.838 af,  Depth> 1.91"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

* 55,440 98 Impervious Area on Lots (2640 sf x 21 lots)
* 136,901 74 >75% Grass cover, Good, HSG C (lots)
* 37,313 70 Woods, Good, HSG C (natural resource easement)

229,654 79 Weighted Average
174,214 75.86% Pervious Area

55,440 24.14% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 10S: 
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=229,654 sf

Runoff Volume=0.838 af

Runoff Depth>1.91"

Tc=5.0 min

CN=73/98

2.25 cfs
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Summary for Subcatchment 20S: 

Runoff = 3.61 cfs @ 7.97 hrs,  Volume= 1.351 af,  Depth> 2.12"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

* 66,868 98 Impervious Area in ROW
* 23,520 74 >75% Grass cover, Good, HSG C (ROW)
* 68,640 98 Impervious Area on Lots (2640 sf x 26 lots)
* 145,720 74 >75% Grass cover, Good, HSG C (lots)
* 28,104 39 >75% Grass cover, Good, HSG A (lots)

332,852 81 Weighted Average
197,344 59.29% Pervious Area
135,508 40.71% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.3 50 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.60"

0.9 180 0.2100 3.21 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

2.6 1,850 0.0700 12.00 9.43 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.013  

5.8 2,080 Total
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Subcatchment 20S: 

Runoff
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Time  (hours)
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=332,852 sf

Runoff Volume=1.351 af

Runoff Depth>2.12"

Flow Length=2,080'

Tc=5.8 min

CN=69/98

3.61 cfs
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Summary for Subcatchment 30S: 

Runoff = 7.86 cfs @ 7.96 hrs,  Volume= 2.949 af,  Depth> 2.10"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

* 167,661 98 Impervious Area in ROW
* 47,289 74 >75% Grass cover, Good, HSG C (ROW)
* 134,640 98 Impervious Area on Lots (2640 sf x 51 lots)
* 313,028 74 >75% Grass cover, Good, HSG C (lots)
* 71,963 39 >75% Grass cover, Good, HSG A (lots)

734,581 80 Weighted Average
432,280 58.85% Pervious Area
302,301 41.15% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.7 50 0.5000 0.48 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.60"

1.0 62 0.0200 0.99 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.4 90 0.0300 3.52 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

2.2 1,840 0.0700 13.93 17.09 Pipe Channel, 
15.0"  Round  Area= 1.2 sf  Perim= 3.9'  r= 0.31'
n= 0.013  

5.3 2,042 Total
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Subcatchment 30S: 

Runoff
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=734,581 sf

Runoff Volume=2.949 af

Runoff Depth>2.10"

Flow Length=2,042'

Tc=5.3 min

CN=68/98

7.86 cfs



Type IA 24-hr  10-YR Rainfall=3.80"5147 MASTER PLAN POST-DEV - ALL DEV
  Printed  3/14/2017Prepared by AKS Engineering & Forestry, LLC

Page 14HydroCAD® 10.00-18  s/n 01338  © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment 40S: 

Runoff = 3.76 cfs @ 7.99 hrs,  Volume= 1.438 af,  Depth> 1.94"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

* 14,935 98 Impervious Area in ROW
* 4,215 74 >75% Grass cover, Good, HSG C (ROW)
* 84,840 98 Impervious Area on Lots (2640 sf x 31 lots)
* 210,847 74 >75% Grass cover, Good, HSG C (lots)
* 72,714 70 Woods, Good, HSG C (natural resource easement)

387,551 79 Weighted Average
287,776 74.26% Pervious Area

99,775 25.74% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.3 50 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.60"

5.4 1,412 0.0800 4.38 80.53 Channel Flow, 
Area= 18.4 sf  Perim= 24.2'  r= 0.76'
n= 0.080  Earth, long dense weeds

7.7 1,462 Total

Subcatchment 40S: 
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=387,551 sf

Runoff Volume=1.438 af

Runoff Depth>1.94"

Flow Length=1,462'

Tc=7.7 min

CN=73/98

3.76 cfs
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Summary for Subcatchment 50S: 

Runoff = 3.17 cfs @ 7.99 hrs,  Volume= 1.332 af,  Depth> 1.71"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

* 65,484 98 Impervious Area in ROW
* 20,686 74 >75% Grass cover, Good, HSG C (ROW)
* 68,640 98 Impervious Area on Lots (2640 sf x 26 lots)
* 159,568 74 >75% Grass cover, Good, HSG C (lots)
* 69,733 39 >75% Grass cover, Good, HSG A (lots)
* 9,661 70 Woods, Good, HSG C (natural resource easement)
* 12,565 30 Woods, Good, HSG A (natural resource easement)

406,337 74 Weighted Average
272,213 66.99% Pervious Area
134,124 33.01% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.6 50 0.0800 0.23 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.60"

1.1 65 0.0200 0.99 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 300 0.1500 7.86 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

0.1 150 0.2500 22.68 17.81 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.013  

2.9 1,000 0.1400 5.79 106.53 Channel Flow, 
Area= 18.4 sf  Perim= 24.2'  r= 0.76'
n= 0.080  Earth, long dense weeds

8.3 1,565 Total
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Subcatchment 50S: 
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=406,337 sf

Runoff Volume=1.332 af

Runoff Depth>1.71"

Flow Length=1,565'

Tc=8.3 min

CN=63/98

3.17 cfs
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Summary for Subcatchment 60S: 

Runoff = 3.41 cfs @ 7.98 hrs,  Volume= 1.294 af,  Depth> 2.02"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

* 36,192 98 Impervious Area in ROW
* 10,208 74 >75% Grass cover, Good, HSG C (ROW)
* 68,640 98 Impervious Area on Lots (2640 sf x 26 lots)
* 180,014 74 >75% Grass cover, Good, HSG C (lots)
* 10,081 39 >75% Grass cover, Good, HSG A (lots)
* 30,600 70 Woods, Good, HSG C (natural resource easement)

335,735 80 Weighted Average
230,903 68.78% Pervious Area
104,832 31.22% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.3 50 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.60"

1.8 104 0.0200 0.99 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.4 170 0.1200 7.03 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

0.8 620 0.0800 12.83 10.08 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.013  

2.2 584 0.0800 4.38 80.53 Channel Flow, 
Area= 18.4 sf  Perim= 24.2'  r= 0.76'
n= 0.080  Earth, long dense weeds

7.5 1,528 Total
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Subcatchment 60S: 
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=335,735 sf

Runoff Volume=1.294 af

Runoff Depth>2.02"

Flow Length=1,528'

Tc=7.5 min

CN=72/98

3.41 cfs
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Summary for Subcatchment 70S: 

Runoff = 1.72 cfs @ 7.98 hrs,  Volume= 0.630 af,  Depth> 2.17"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

* 28,156 98 Impervious Area in ROW
* 9,526 74 >75% Grass cover, Good, HSG C (ROW)
* 23,760 98 Impervious Area on Lots (2640 sf x 9 lots)
* 90,445 74 >75% Grass cover, Good, HSG C (lots)

151,887 82 Weighted Average
99,971 65.82% Pervious Area
51,916 34.18% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 50 0.0700 0.22 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.60"

1.3 75 0.0200 0.99 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 295 0.1100 6.73 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

0.9 465 0.0400 9.07 7.13 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.013  

6.7 885 Total
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Subcatchment 70S: 
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=151,887 sf

Runoff Volume=0.630 af

Runoff Depth>2.17"

Flow Length=885'

Tc=6.7 min

CN=74/98

1.72 cfs
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Summary for Subcatchment 80S: 

Runoff = 4.09 cfs @ 8.00 hrs,  Volume= 1.757 af,  Depth> 1.73"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

* 51,310 98 Impervious Area in ROW
* 16,338 74 >75% Grass cover, Good, HSG C (ROW)
* 97,680 98 Impervious Area on Lots (2640 sf x 37 lots)
* 75,707 39 >75% Grass cover, Good, HSG A (lots)
* 250,308 74 >75% Grass cover, Good, HSG C (lots)
* 40,650 70 Woods, Good, HSG C (natural resource easement)

531,993 75 Weighted Average
383,003 71.99% Pervious Area
148,990 28.01% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.3 50 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.60"

1.5 88 0.0200 0.99 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.4 114 0.0650 5.18 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

1.0 845 0.1000 14.35 11.27 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.013  

5.8 1,200 0.0500 3.46 63.66 Channel Flow, 
Area= 18.4 sf  Perim= 24.2'  r= 0.76'
n= 0.080  Earth, long dense weeds

11.0 2,297 Total
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Subcatchment 80S: 
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=531,993 sf

Runoff Volume=1.757 af

Runoff Depth>1.73"

Flow Length=2,297'

Tc=11.0 min

CN=67/98

4.09 cfs
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Summary for Subcatchment 90S: 

Runoff = 1.98 cfs @ 7.96 hrs,  Volume= 0.683 af,  Depth> 1.25"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

* 100,320 98 Impervious Area on Lots (2640 sf x 38 lots)
* 113,460 39 >75% Grass cover, Good, HSG A (lots)
* 71,620 30 Woods, Good, HSG A (natural resource easement)

285,400 57 Weighted Average
185,080 64.85% Pervious Area
100,320 35.15% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.3 50 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.60"

6.3 1,300 0.0500 3.46 63.66 Channel Flow, 
Area= 18.4 sf  Perim= 24.2'  r= 0.76'
n= 0.080  Earth, long dense weeds

8.6 1,350 Total

Subcatchment 90S: 
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=285,400 sf

Runoff Volume=0.683 af

Runoff Depth>1.25"

Flow Length=1,350'

Tc=8.6 min

CN=36/98

1.98 cfs
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Summary for Subcatchment 100S: 

Runoff = 5.03 cfs @ 7.94 hrs,  Volume= 1.797 af,  Depth> 1.49"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

* 109,707 98 Impervious Area in ROW
* 30,943 74 >75% Grass cover, Good, HSG C (ROW)
* 142,560 98 Impervious Area on Lots (2640 sf x 54 lots)
* 330,383 39 >75% Grass cover, Good, HSG A (lots)
* 18,589 74 >75% Grass cover, Good, HSG C (lots)

632,182 65 Weighted Average
379,915 60.10% Pervious Area
252,267 39.90% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.6 50 0.0420 0.18 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.60"

0.7 55 0.0400 1.40 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

2.3 2,060 0.0800 14.89 18.27 Pipe Channel, 
15.0"  Round  Area= 1.2 sf  Perim= 3.9'  r= 0.31'
n= 0.013  

7.6 2,165 Total



Type IA 24-hr  10-YR Rainfall=3.80"5147 MASTER PLAN POST-DEV - ALL DEV
  Printed  3/14/2017Prepared by AKS Engineering & Forestry, LLC

Page 25HydroCAD® 10.00-18  s/n 01338  © 2016 HydroCAD Software Solutions LLC

Subcatchment 100S: 

Runoff

Hydrograph

Time  (hours)
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=632,182 sf

Runoff Volume=1.797 af

Runoff Depth>1.49"

Flow Length=2,165'

Tc=7.6 min

CN=44/98

5.03 cfs
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Summary for Subcatchment 110S: 

Runoff = 10.62 cfs @ 8.01 hrs,  Volume= 4.421 af,  Depth> 2.20"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

* 136,929 98 Impervious Area in ROW
* 38,621 74 >75% Grass cover, Good, HSG C (ROW)
* 282,480 98 Impervious Area on Lots (2640 sf x 107 lots)
* 412,510 74 >75% Grass cover, Good, HSG C (lots)
* 41,388 39 >75% Grass cover, Good, HSG A (lots)
* 64,446 80 >75% Grass cover, Good, HSG D (lots)
* 72,226 70 Woods, Good, HSG C (natural resource easement)

1,048,600 82 Weighted Average
629,191 60.00% Pervious Area
419,409 40.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.2 50 0.0200 0.13 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.60"

0.9 56 0.0200 0.99 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 200 0.0500 4.54 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

1.5 1,378 0.0800 14.89 18.27 Pipe Channel, 
15.0"  Round  Area= 1.2 sf  Perim= 3.9'  r= 0.31'
n= 0.013  

3.1 581 0.0400 3.09 56.94 Channel Flow, 
Area= 18.4 sf  Perim= 24.2'  r= 0.76'
n= 0.080  Earth, long dense weeds

3.1 1,446 0.0300 7.86 6.17 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.013  

15.5 3,711 Total
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Subcatchment 110S: 

Runoff

Hydrograph

Time  (hours)
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=1,048,600 sf

Runoff Volume=4.421 af

Runoff Depth>2.20"

Flow Length=3,711'

Tc=15.5 min

CN=72/98

10.62 cfs
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Summary for Subcatchment 120S: 

Runoff = 4.89 cfs @ 8.02 hrs,  Volume= 2.068 af,  Depth> 2.27"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

* 73,954 98 Impervious Area in ROW
* 24,092 74 >75% Grass cover, Good, HSG C (ROW)
* 105,600 98 Impervious Area on Lots (2640 sf x 40 lots)
* 229,430 74 >75% Grass cover, Good, HSG C (lots)
* 42,427 80 >75% Grass cover, Good, HSG D (lots)

475,503 84 Weighted Average
295,949 62.24% Pervious Area
179,554 37.76% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.2 50 0.0200 0.13 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.60"

0.7 60 0.0400 1.40 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.5 111 0.0400 4.06 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

1.8 1,175 0.0600 11.11 8.73 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.013  

5.9 1,100 0.0400 3.09 56.94 Channel Flow, 
Area= 18.4 sf  Perim= 24.2'  r= 0.76'
n= 0.080  Earth, long dense weeds

2.6 1,430 0.0400 9.07 7.13 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.013  

17.7 3,926 Total
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Subcatchment 120S: 

Runoff

Hydrograph
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=475,503 sf

Runoff Volume=2.068 af

Runoff Depth>2.27"

Flow Length=3,926'

Tc=17.7 min

CN=75/98

4.89 cfs
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Summary for Subcatchment 130S: 

Runoff = 29.87 cfs @ 7.99 hrs,  Volume= 11.199 af,  Depth> 2.25"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

2,606,901 83 1/4 acre lots, 38% imp, HSG C

1,616,279 62.00% Pervious Area
990,622 38.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.7 50 0.1600 0.31 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.60"

1.0 60 0.0200 0.99 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 150 0.0500 4.54 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps

4.9 3,475 0.0500 11.77 14.44 Pipe Channel, 
15.0"  Round  Area= 1.2 sf  Perim= 3.9'  r= 0.31'
n= 0.013  

9.2 3,735 Total

Subcatchment 130S: 
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=2,606,901 sf

Runoff Volume=11.199 af

Runoff Depth>2.25"

Flow Length=3,735'

Tc=9.2 min

CN=74/98

29.87 cfs
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Summary for Subcatchment 140S: 

Runoff = 2.18 cfs @ 8.01 hrs,  Volume= 0.939 af,  Depth> 1.44"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

340,109 74 >75% Grass cover, Good, HSG C

340,109 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.0 50 0.0600 0.21 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.60"

5.7 590 0.0600 1.71 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

9.7 640 Total

Subcatchment 140S: 
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=340,109 sf

Runoff Volume=0.939 af

Runoff Depth>1.44"

Flow Length=640'

Slope=0.0600 '/'

Tc=9.7 min

CN=74/0

2.18 cfs
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Summary for Subcatchment 150S: 

Runoff = 5.71 cfs @ 7.98 hrs,  Volume= 2.088 af,  Depth> 2.39"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

* 115,682 98 Impervious Area in ROW
* 25,393 74 >75% Grass cover, Good, HSG C (ROW)
* 88,514 98 28% Impervious Area on Lots
* 227,608 74 >75% Grass cover, Good, HSG C (lots)

457,197 85 Weighted Average
253,001 55.34% Pervious Area
204,196 44.66% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.2 50 0.0200 0.13 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.60"

1.2 73 0.0200 0.99 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.9 570 0.0600 11.11 8.73 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.013  

8.3 693 Total

Subcatchment 150S: 
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=457,197 sf

Runoff Volume=2.088 af

Runoff Depth>2.39"

Flow Length=693'

Tc=8.3 min

CN=74/98

5.71 cfs
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Summary for Subcatchment 160X: OFFSITE

Runoff = 7.23 cfs @ 7.96 hrs,  Volume= 2.976 af,  Depth> 1.74"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

512,606 83 1/4 acre lots, 38% imp, HSG C
383,662 61 1/4 acre lots, 38% imp, HSG A

896,268 74 Weighted Average
555,686 62.00% Pervious Area
340,582 38.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 160X: OFFSITE
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=896,268 sf

Runoff Volume=2.976 af

Runoff Depth>1.74"

Tc=5.0 min

CN=59/98

7.23 cfs
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Summary for Subcatchment 170X: OFFSITE

Runoff = 2.43 cfs @ 8.02 hrs,  Volume= 1.024 af,  Depth> 2.24"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

239,159 83 1/4 acre lots, 38% imp, HSG C

148,279 62.00% Pervious Area
90,880 38.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

7.9 50 0.0800 0.11 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 2.60"

7.0 730 0.1200 1.73 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

2.1 1,750 0.0900 13.61 10.69 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.013  

17.0 2,530 Total

Subcatchment 170X: OFFSITE
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=239,159 sf

Runoff Volume=1.024 af

Runoff Depth>2.24"

Flow Length=2,530'

Tc=17.0 min

CN=74/98

2.43 cfs
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Summary for Subcatchment 180X: OFFSITE

Runoff = 0.33 cfs @ 8.01 hrs,  Volume= 0.131 af,  Depth> 2.24"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

30,593 83 1/4 acre lots, 38% imp, HSG C

18,968 62.00% Pervious Area
11,625 38.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

8.8 50 0.0600 0.09 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 2.60"

4.1 300 0.0600 1.22 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

0.6 100 0.1400 2.62 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.4 215 0.0400 9.07 7.13 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.013  

13.9 665 Total

Subcatchment 180X: OFFSITE
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=30,593 sf

Runoff Volume=0.131 af

Runoff Depth>2.24"

Flow Length=665'

Tc=13.9 min

CN=74/98

0.33 cfs
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Summary for Subcatchment 190X: OFFSITE

Runoff = 18.81 cfs @ 8.06 hrs,  Volume= 9.373 af,  Depth> 2.23"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

2,202,039 83 1/4 acre lots, 38% imp, HSG C

1,365,264 62.00% Pervious Area
836,775 38.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

7.9 50 0.0800 0.11 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 2.60"

18.3 2,192 0.1600 2.00 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

2.9 755 0.0800 4.32 78.64 Channel Flow, 
Area= 18.2 sf  Perim= 24.4'  r= 0.75'
n= 0.080  Earth, long dense weeds

29.1 2,997 Total

Subcatchment 190X: OFFSITE
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=2,202,039 sf

Runoff Volume=9.373 af

Runoff Depth>2.23"

Flow Length=2,997'

Tc=29.1 min

CN=74/98

18.81 cfs
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Summary for Subcatchment 200X: OFFSITE

Runoff = 0.35 cfs @ 8.00 hrs,  Volume= 0.139 af,  Depth> 2.24"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

32,333 83 1/4 acre lots, 38% imp, HSG C

20,046 62.00% Pervious Area
12,287 38.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

8.3 50 0.0700 0.10 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 2.60"

3.0 280 0.1000 1.58 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

0.8 170 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 570 0.0800 12.83 10.08 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.013  

12.8 1,070 Total

Subcatchment 200X: OFFSITE
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=32,333 sf

Runoff Volume=0.139 af

Runoff Depth>2.24"

Flow Length=1,070'

Tc=12.8 min

CN=74/98

0.35 cfs
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Summary for Subcatchment 210X: OFFSITE

Runoff = 14.93 cfs @ 8.06 hrs,  Volume= 7.665 af,  Depth> 2.22"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

1,802,806 83 1/4 acre lots, 38% imp, HSG C

1,117,740 62.00% Pervious Area
685,066 38.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

8.8 50 0.0600 0.09 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 2.60"

15.8 1,706 0.1300 1.80 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

7.0 2,040 0.1000 4.83 87.93 Channel Flow, 
Area= 18.2 sf  Perim= 24.4'  r= 0.75'
n= 0.080  Earth, long dense weeds

31.6 3,796 Total

Subcatchment 210X: OFFSITE
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=1,802,806 sf

Runoff Volume=7.665 af

Runoff Depth>2.22"

Flow Length=3,796'

Tc=31.6 min

CN=74/98

14.93 cfs
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Summary for Subcatchment 220X: OFFSITE

Runoff = 2.39 cfs @ 8.01 hrs,  Volume= 0.977 af,  Depth> 2.24"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

228,043 83 1/4 acre lots, 38% imp, HSG C

141,387 62.00% Pervious Area
86,656 38.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

8.3 50 0.0700 0.10 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 2.60"

4.6 540 0.1500 1.94 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

1.3 200 0.1400 2.62 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 362 0.0400 9.07 7.13 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.013  

14.9 1,152 Total

Subcatchment 220X: OFFSITE
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=228,043 sf

Runoff Volume=0.977 af

Runoff Depth>2.24"

Flow Length=1,152'

Tc=14.9 min

CN=74/98

2.39 cfs
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Summary for Subcatchment 230X: OFFSITE

Runoff = 24.17 cfs @ 8.05 hrs,  Volume= 11.952 af,  Depth> 2.23"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

2,806,985 83 1/4 acre lots, 38% imp, HSG C

1,740,331 62.00% Pervious Area
1,066,654 38.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

7.9 50 0.0800 0.11 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 2.60"

13.5 1,718 0.1800 2.12 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

7.1 2,350 0.1300 5.51 100.25 Channel Flow, 
Area= 18.2 sf  Perim= 24.4'  r= 0.75'
n= 0.080  Earth, long dense weeds

28.5 4,118 Total

Subcatchment 230X: OFFSITE
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=2,806,985 sf

Runoff Volume=11.952 af

Runoff Depth>2.23"

Flow Length=4,118'

Tc=28.5 min

CN=74/98

24.17 cfs
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Summary for Subcatchment 240X: OFFSITE

Runoff = 8.47 cfs @ 8.04 hrs,  Volume= 3.932 af,  Depth> 2.23"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

921,256 83 1/4 acre lots, 38% imp, HSG C

571,179 62.00% Pervious Area
350,077 38.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.9 50 0.1100 0.12 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 2.60"

11.7 1,215 0.1200 1.73 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

2.4 375 0.1400 2.62 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.5 300 0.0500 10.14 7.97 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.013  

2.1 470 0.0600 3.79 69.74 Channel Flow, 
Area= 18.4 sf  Perim= 24.2'  r= 0.76'
n= 0.080  Earth, long dense weeds

23.6 2,410 Total
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Subcatchment 240X: OFFSITE

Runoff

Hydrograph
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=921,256 sf

Runoff Volume=3.932 af

Runoff Depth>2.23"

Flow Length=2,410'

Tc=23.6 min

CN=74/98

8.47 cfs
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Summary for Subcatchment 250X: OFFSITE

Runoff = 2.51 cfs @ 7.95 hrs,  Volume= 0.906 af,  Depth> 2.25"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

16,973 87 1/4 acre lots, 38% imp, HSG D
193,462 83 1/4 acre lots, 38% imp, HSG C

210,435 83 Weighted Average
130,470 62.00% Pervious Area

79,965 38.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 250X: OFFSITE
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=210,435 sf

Runoff Volume=0.906 af

Runoff Depth>2.25"

Tc=5.0 min

CN=74/98

2.51 cfs
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Summary for Subcatchment 260X: OFFSITE

Runoff = 16.91 cfs @ 7.99 hrs,  Volume= 7.201 af,  Depth> 1.76"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

149,971 87 1/4 acre lots, 38% imp, HSG D
1,129,187 83 1/4 acre lots, 38% imp, HSG C

859,412 61 1/4 acre lots, 38% imp, HSG A

2,138,570 74 Weighted Average
1,325,913 62.00% Pervious Area

812,657 38.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.3 50 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.60"

0.1 100 0.0800 12.83 10.08 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.013  

7.3 1,640 0.0600 3.74 68.11 Channel Flow, 
Area= 18.2 sf  Perim= 24.4'  r= 0.75'
n= 0.080  Earth, long dense weeds

9.7 1,790 Total

Subcatchment 260X: OFFSITE
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=2,138,570 sf

Runoff Volume=7.201 af

Runoff Depth>1.76"

Flow Length=1,790'

Tc=9.7 min

CN=60/98

16.91 cfs
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Summary for Subcatchment 270X: OFFSITE

Runoff = 2.25 cfs @ 8.05 hrs,  Volume= 1.090 af,  Depth> 2.23"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

255,803 83 1/4 acre lots, 38% imp, HSG C

158,598 62.00% Pervious Area
97,205 38.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

13.7 50 0.0200 0.06 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 2.60"

2.7 180 0.0500 1.12 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

1.7 190 0.0700 1.85 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.2 730 0.0500 10.14 7.97 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.013  

4.9 1,100 0.0400 3.74 68.86 Channel Flow, 
Area= 18.4 sf  Perim= 18.2'  r= 1.01'
n= 0.080  Earth, long dense weeds

2.6 1,440 0.0400 9.07 7.13 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.013  

26.8 3,690 Total
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Subcatchment 270X: OFFSITE

Runoff

Hydrograph
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=255,803 sf

Runoff Volume=1.090 af

Runoff Depth>2.23"

Flow Length=3,690'

Tc=26.8 min

CN=74/98

2.25 cfs
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Summary for Subcatchment 280X: OFFSITE

Runoff = 22.00 cfs @ 8.05 hrs,  Volume= 10.513 af,  Depth> 2.23"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-YR Rainfall=3.80"

Area (sf) CN Description

2,466,021 83 1/4 acre lots, 38% imp, HSG C

1,528,933 62.00% Pervious Area
937,088 38.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

9.5 50 0.0500 0.09 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 2.60"

9.1 1,473 0.1500 2.71 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

7.2 1,640 0.0600 3.79 69.74 Channel Flow, 
Area= 18.4 sf  Perim= 24.2'  r= 0.76'
n= 0.080  Earth, long dense weeds

25.8 3,163 Total

Subcatchment 280X: OFFSITE
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Type IA 24-hr

10-YR Rainfall=3.80"

Runoff Area=2,466,021 sf

Runoff Volume=10.513 af

Runoff Depth>2.23"

Flow Length=3,163'

Tc=25.8 min

CN=74/98

22.00 cfs
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Summary for Reach 1R: Existing Channel

Inflow Area = 397.715 ac, 37.34% Impervious,  Inflow Depth > 2.06"    for  10-YR event
Inflow = 138.13 cfs @ 8.13 hrs,  Volume= 68.330 af
Outflow = 138.05 cfs @ 8.15 hrs,  Volume= 68.264 af,  Atten= 0%,  Lag= 1.1 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.52 fps,  Min. Travel Time= 1.5 min
Avg. Velocity = 2.60 fps,  Avg. Travel Time= 2.0 min

Peak Storage= 12,169 cf @ 8.15 hrs
Average Depth at Peak Storage= 3.10'
Defined Flood Depth= 3.50'  Flow Area= 50.6 sf,  Capacity= 195.68 cfs
Bank-Full Depth= 3.81'  Flow Area= 60.3 sf,  Capacity= 248.44 cfs

Custom cross-section,  Length= 310.0'   Slope= 0.0226 '/'   (101 Elevation Intervals)
Constant n= 0.080  Earth, long dense weeds
Inlet Invert= 189.00',  Outlet Invert= 182.00'

‡

Offset Elevation Chan.Depth
(feet) (feet) (feet)

-18.00 3.81 0.00
-13.41 2.81 1.00

-7.60 2.51 1.30
-1.50 0.00 3.81
1.50 0.00 3.81
9.78 2.51 1.30

11.04 2.81 1.00
14.50 3.81 0.00

Depth End Area Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)

0.00 0.0 3.0 0 0.00
2.51 25.6 18.2 7,929 89.18
2.81 31.9 25.4 9,874 103.49
3.81 60.3 33.7 18,701 248.44
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Reach 1R: Existing Channel

Inflow
Outflow
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Inflow Area=397.715 ac

Avg. Flow Depth=3.10'

Max Vel=3.52 fps

n=0.080

L=310.0'

S=0.0226 '/'

Capacity=248.44 cfs

138.13 cfs
138.05 cfs
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Summary for Reach 2R: Existing Channel

Inflow Area = 259.358 ac, 36.53% Impervious,  Inflow Depth > 2.11"    for  10-YR event
Inflow = 91.29 cfs @ 8.18 hrs,  Volume= 45.535 af
Outflow = 91.21 cfs @ 8.20 hrs,  Volume= 45.477 af,  Atten= 0%,  Lag= 1.3 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.64 fps,  Min. Travel Time= 1.7 min
Avg. Velocity = 1.72 fps,  Avg. Travel Time= 2.6 min

Peak Storage= 9,118 cf @ 8.20 hrs
Average Depth at Peak Storage= 1.24'
Bank-Full Depth= 2.60'  Flow Area= 119.1 sf,  Capacity= 596.25 cfs

Custom cross-section,  Length= 264.0'   Slope= 0.0347 '/'   (102 Elevation Intervals)
Constant n= 0.080  Earth, long dense weeds
Inlet Invert= 200.00',  Outlet Invert= 190.84'

‡

Offset Elevation Chan.Depth
(feet) (feet) (feet)

-40.00 2.60 0.00
-36.00 1.60 1.00

0.00 0.00 2.60
23.00 1.00 1.60
28.00 2.60 0.00

Depth End Area Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)

0.00 0.0 0.0 0 0.00
1.00 22.8 45.5 6,006 49.56
1.60 54.7 61.0 14,431 175.74
2.60 119.1 68.4 31,442 596.25
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Reach 2R: Existing Channel
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Inflow Area=259.358 ac

Avg. Flow Depth=1.24'

Max Vel=2.64 fps

n=0.080

L=264.0'

S=0.0347 '/'

Capacity=596.25 cfs

91.29 cfs
91.21 cfs
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Summary for Reach 3R: Existing Channel

Inflow Area = 235.942 ac, 36.24% Impervious,  Inflow Depth > 2.14"    for  10-YR event
Inflow = 85.51 cfs @ 8.14 hrs,  Volume= 42.050 af
Outflow = 84.68 cfs @ 8.20 hrs,  Volume= 41.903 af,  Atten= 1%,  Lag= 3.6 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.77 fps,  Min. Travel Time= 4.6 min
Avg. Velocity = 1.82 fps,  Avg. Travel Time= 7.1 min

Peak Storage= 23,438 cf @ 8.20 hrs
Average Depth at Peak Storage= 1.16'
Bank-Full Depth= 2.60'  Flow Area= 119.3 sf,  Capacity= 662.85 cfs

Custom cross-section,  Length= 768.0'   Slope= 0.0428 '/'   (102 Elevation Intervals)
Constant n= 0.080  Earth, long dense weeds
Inlet Invert= 232.90',  Outlet Invert= 200.00'

‡

Offset Elevation Chan.Depth
(feet) (feet) (feet)

-40.00 2.60 0.00
-36.00 1.60 1.00

0.00 0.00 2.60
23.00 1.00 1.60
28.26 2.60 0.00

Depth End Area Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)

0.00 0.0 0.0 0 0.00
1.00 22.8 45.5 17,472 55.06
1.60 54.7 61.1 42,003 195.25
2.60 119.3 68.7 91,629 662.85
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Reach 3R: Existing Channel
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Inflow Area=235.942 ac

Avg. Flow Depth=1.16'

Max Vel=2.77 fps

n=0.080

L=768.0'

S=0.0428 '/'

Capacity=662.85 cfs

85.51 cfs
84.68 cfs
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Summary for Reach 4R: Existing Channel

Inflow Area = 105.707 ac, 38.00% Impervious,  Inflow Depth > 2.01"    for  10-YR event
Inflow = 38.69 cfs @ 8.01 hrs,  Volume= 17.715 af
Outflow = 37.02 cfs @ 8.10 hrs,  Volume= 17.618 af,  Atten= 4%,  Lag= 5.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.97 fps,  Min. Travel Time= 7.5 min
Avg. Velocity = 2.01 fps,  Avg. Travel Time= 11.1 min

Peak Storage= 16,702 cf @ 8.10 hrs
Average Depth at Peak Storage= 1.61'
Bank-Full Depth= 7.60'  Flow Area= 292.6 sf,  Capacity= 2,366.15 cfs

Custom cross-section,  Length= 1,340.0'   Slope= 0.0351 '/'   (102 Elevation Intervals)
Constant n= 0.080  Earth, long dense weeds
Inlet Invert= 236.00',  Outlet Invert= 189.00'

‡

Offset Elevation Chan.Depth
(feet) (feet) (feet)

-44.00 7.60 0.00
-26.00 5.00 2.60

0.00 0.00 7.60
22.00 5.00 2.60
35.00 6.60 1.00
37.00 7.60 0.00

Depth End Area Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)

0.00 0.0 0.0 0 0.00
5.00 120.0 49.0 160,800 758.07
6.60 216.1 73.3 289,522 1,544.82
7.60 292.6 82.6 392,084 2,366.15
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Reach 4R: Existing Channel
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Inflow Area=105.707 ac

Avg. Flow Depth=1.61'

Max Vel=2.97 fps

n=0.080

L=1,340.0'

S=0.0351 '/'

Capacity=2,366.15 cfs

38.69 cfs

37.02 cfs
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Summary for Reach 5R: Existing Channel

Inflow Area = 221.773 ac, 36.94% Impervious,  Inflow Depth > 2.15"    for  10-YR event
Inflow = 80.99 cfs @ 8.15 hrs,  Volume= 39.807 af
Outflow = 80.97 cfs @ 8.16 hrs,  Volume= 39.774 af,  Atten= 0%,  Lag= 0.8 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.18 fps,  Min. Travel Time= 1.1 min
Avg. Velocity = 2.12 fps,  Avg. Travel Time= 1.7 min

Peak Storage= 5,397 cf @ 8.16 hrs
Average Depth at Peak Storage= 1.06'
Bank-Full Depth= 2.60'  Flow Area= 119.3 sf,  Capacity= 825.92 cfs

Custom cross-section,  Length= 212.0'   Slope= 0.0665 '/'   (102 Elevation Intervals)
Constant n= 0.080  Earth, long dense weeds
Inlet Invert= 247.00',  Outlet Invert= 232.90'

‡

Offset Elevation Chan.Depth
(feet) (feet) (feet)

-40.00 2.60 0.00
-36.00 1.60 1.00

0.00 0.00 2.60
23.00 1.00 1.60
28.26 2.60 0.00

Depth End Area Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)

0.00 0.0 0.0 0 0.00
1.00 22.8 45.5 4,823 68.61
1.60 54.7 61.1 11,595 243.29
2.60 119.3 68.7 25,293 825.92
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Reach 5R: Existing Channel
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Inflow Area=221.773 ac

Avg. Flow Depth=1.06'

Max Vel=3.18 fps

n=0.080

L=212.0'

S=0.0665 '/'

Capacity=825.92 cfs

80.99 cfs
80.97 cfs
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Summary for Reach 6R: Existing Channel

Inflow Area = 110.419 ac, 37.11% Impervious,  Inflow Depth > 2.16"    for  10-YR event
Inflow = 40.01 cfs @ 8.09 hrs,  Volume= 19.855 af
Outflow = 39.72 cfs @ 8.14 hrs,  Volume= 19.808 af,  Atten= 1%,  Lag= 2.8 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.74 fps,  Min. Travel Time= 3.3 min
Avg. Velocity = 1.86 fps,  Avg. Travel Time= 4.8 min

Peak Storage= 7,792 cf @ 8.14 hrs
Average Depth at Peak Storage= 0.80'
Bank-Full Depth= 2.60'  Flow Area= 119.3 sf,  Capacity= 870.78 cfs

Custom cross-section,  Length= 537.0'   Slope= 0.0739 '/'   (102 Elevation Intervals)
Constant n= 0.080  Earth, long dense weeds
Inlet Invert= 286.70',  Outlet Invert= 247.00'

‡

Offset Elevation Chan.Depth
(feet) (feet) (feet)

-40.00 2.60 0.00
-36.00 1.60 1.00

0.00 0.00 2.60
23.00 1.00 1.60
28.26 2.60 0.00

Depth End Area Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)

0.00 0.0 0.0 0 0.00
1.00 22.8 45.5 12,217 72.34
1.60 54.7 61.1 29,369 256.50
2.60 119.3 68.7 64,068 870.78
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Reach 6R: Existing Channel
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Inflow Area=110.419 ac

Avg. Flow Depth=0.80'

Max Vel=2.74 fps

n=0.080

L=537.0'

S=0.0739 '/'

Capacity=870.78 cfs

40.01 cfs
39.72 cfs
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Summary for Reach 7R: Existing Channel

Inflow Area = 51.254 ac, 38.00% Impervious,  Inflow Depth > 2.23"    for  10-YR event
Inflow = 19.13 cfs @ 8.05 hrs,  Volume= 9.505 af
Outflow = 18.85 cfs @ 8.12 hrs,  Volume= 9.468 af,  Atten= 1%,  Lag= 4.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.83 fps,  Min. Travel Time= 5.0 min
Avg. Velocity = 1.82 fps,  Avg. Travel Time= 7.8 min

Peak Storage= 5,630 cf @ 8.12 hrs
Average Depth at Peak Storage= 0.53'
Bank-Full Depth= 5.48'  Flow Area= 231.4 sf,  Capacity= 3,539.93 cfs

Custom cross-section,  Length= 846.0'   Slope= 0.1162 '/'   (102 Elevation Intervals)
Constant n= 0.080  Earth, long dense weeds
Inlet Invert= 385.00',  Outlet Invert= 286.70'

‡

Offset Elevation Chan.Depth
(feet) (feet) (feet)

-32.47 5.48 0.00
-28.13 2.82 2.66
-15.44 0.76 4.72

0.00 0.00 5.48
10.98 0.38 5.10
27.45 5.48 0.00

Depth End Area Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)

0.00 0.0 0.0 0 0.00
0.38 3.6 18.7 3,010 7.47
0.76 12.4 27.7 10,456 45.66
2.82 89.2 47.6 75,493 859.63
5.48 231.4 61.6 195,786 3,539.93
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Reach 7R: Existing Channel
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Inflow Area=51.254 ac

Avg. Flow Depth=0.53'

Max Vel=2.83 fps

n=0.080

L=846.0'

S=0.1162 '/'

Capacity=3,539.93 cfs

19.13 cfs
18.85 cfs
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Summary for Reach 8R: Existing Channel

Inflow Area = 59.165 ac, 36.33% Impervious,  Inflow Depth > 2.12"    for  10-YR event
Inflow = 21.64 cfs @ 8.02 hrs,  Volume= 10.430 af
Outflow = 21.27 cfs @ 8.07 hrs,  Volume= 10.387 af,  Atten= 2%,  Lag= 3.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.19 fps,  Min. Travel Time= 4.7 min
Avg. Velocity = 1.89 fps,  Avg. Travel Time= 8.0 min

Peak Storage= 6,020 cf @ 8.07 hrs
Average Depth at Peak Storage= 0.42'
Bank-Full Depth= 2.50'  Flow Area= 77.4 sf,  Capacity= 670.49 cfs

Custom cross-section,  Length= 905.0'   Slope= 0.1197 '/'
Constant n= 0.080  Earth, long dense weeds
Inlet Invert= 395.00',  Outlet Invert= 286.70'

‡

Offset Elevation Chan.Depth
(feet) (feet) (feet)

-22.22 2.50 0.00
-6.14 0.00 2.50
6.65 0.00 2.50

26.94 2.50 0.00

Depth End Area Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)

0.00 0.0 12.8 0 0.00
2.50 77.4 49.5 70,081 670.49
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Reach 8R: Existing Channel
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Inflow Area=59.165 ac

Avg. Flow Depth=0.42'

Max Vel=3.19 fps

n=0.080

L=905.0'

S=0.1197 '/'

Capacity=670.49 cfs

21.64 cfs
21.27 cfs
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Summary for Reach 9R: Existing Channel

Inflow Area = 111.354 ac, 36.78% Impervious,  Inflow Depth > 2.16"    for  10-YR event
Inflow = 42.30 cfs @ 8.07 hrs,  Volume= 20.085 af
Outflow = 41.27 cfs @ 8.15 hrs,  Volume= 19.998 af,  Atten= 2%,  Lag= 5.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.19 fps,  Min. Travel Time= 5.9 min
Avg. Velocity = 2.15 fps,  Avg. Travel Time= 8.7 min

Peak Storage= 14,549 cf @ 8.15 hrs
Average Depth at Peak Storage= 1.02'
Bank-Full Depth= 3.80'  Flow Area= 146.2 sf,  Capacity= 1,290.64 cfs

Custom cross-section,  Length= 1,126.0'   Slope= 0.0728 '/'   (102 Elevation Intervals)
Constant n= 0.080  Earth, long dense weeds
Inlet Invert= 329.00',  Outlet Invert= 247.00'

‡

Offset Elevation Chan.Depth
(feet) (feet) (feet)

-28.08 3.80 0.00
-16.33 1.53 2.27

0.00 0.00 3.80
27.00 1.91 1.89
33.90 3.80 0.00

Depth End Area Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)

0.00 0.0 0.0 0 0.00
1.53 29.0 38.1 32,697 121.48
1.91 44.9 45.5 50,509 222.82
3.80 146.2 62.6 164,659 1,290.64
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Reach 9R: Existing Channel
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Inflow Area=111.354 ac

Avg. Flow Depth=1.02'

Max Vel=3.19 fps

n=0.080

L=1,126.0'

S=0.0728 '/'

Capacity=1,290.64 cfs

42.30 cfs

41.27 cfs
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Summary for Reach 10R: Existing Channel

Inflow Area = 106.524 ac, 36.73% Impervious,  Inflow Depth > 2.17"    for  10-YR event
Inflow = 40.66 cfs @ 8.03 hrs,  Volume= 19.247 af
Outflow = 40.10 cfs @ 8.08 hrs,  Volume= 19.179 af,  Atten= 1%,  Lag= 2.9 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.43 fps,  Min. Travel Time= 4.2 min
Avg. Velocity = 2.05 fps,  Avg. Travel Time= 7.0 min

Peak Storage= 10,006 cf @ 8.08 hrs
Average Depth at Peak Storage= 0.61'
Bank-Full Depth= 2.36'  Flow Area= 76.0 sf,  Capacity= 551.68 cfs

Custom cross-section,  Length= 857.0'   Slope= 0.0881 '/'
Constant n= 0.080  Earth, long dense weeds
Inlet Invert= 404.50',  Outlet Invert= 329.00'

‡

Offset Elevation Chan.Depth
(feet) (feet) (feet)

-21.83 2.36 0.00
-7.20 0.00 2.36
7.20 0.00 2.36

28.20 2.36 0.00

Depth End Area Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)

0.00 0.0 14.4 0 0.00
2.36 76.0 50.4 65,155 551.68
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Reach 10R: Existing Channel
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Inflow Area=106.524 ac

Avg. Flow Depth=0.61'

Max Vel=3.43 fps

n=0.080

L=857.0'

S=0.0881 '/'

Capacity=551.68 cfs

40.66 cfs
40.10 cfs
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Summary for Link 1L: Discharge to Stormwater Facility

Inflow Area = 532.296 ac, 37.03% Impervious,  Inflow Depth > 2.07"    for  10-YR event
Inflow = 191.37 cfs @ 8.07 hrs,  Volume= 91.980 af
Primary = 191.37 cfs @ 8.07 hrs,  Volume= 91.980 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs

Link 1L: Discharge to Stormwater Facility
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Chapter 2

2–5(210-VI-TR-55, Second Ed., June 1986)

Technical Release 55
Urban Hydrology for Small Watersheds

Estimating Runoff

Table 2-2a Runoff curve numbers for urban areas 1/

Curve numbers for
-------------------------------------------  Cover description  ----------------------------------------- -----------hydrologic soil group -------------

Average percent
Cover type and hydrologic condition impervious area 2/ A B C D

Fully developed urban areas (vegetation established)

Open space (lawns, parks, golf courses, cemeteries, etc.) 3/:
Poor condition (grass cover < 50%) .......................................... 68 79 86 89
Fair condition (grass cover 50% to 75%) .................................. 49 69 79 84
Good condition (grass cover > 75%) ......................................... 39 61 74 80

Impervious areas:
Paved parking lots, roofs, driveways, etc.

(excluding right-of-way) ............................................................. 98 98 98 98
Streets and roads:

Paved; curbs and storm sewers (excluding
right-of-way) ................................................................................ 98 98 98 98
Paved; open ditches (including right-of-way) .......................... 83 89 92 93
Gravel (including right-of-way) ................................................. 76 85 89 91
Dirt (including right-of-way) ...................................................... 72 82 87 89

Western desert urban areas:
Natural desert landscaping (pervious areas only)  4/ ..................... 63 77 85 88
Artificial desert landscaping (impervious weed barrier,

desert shrub with 1- to 2-inch sand or gravel mulch
and basin borders) ...................................................................... 96 96 96 96

Urban districts:
Commercial and business ................................................................. 85 89 92 94 95
Industrial ............................................................................................. 72 81 88 91 93

Residential districts by average lot size:
1/8 acre or less (town houses) .......................................................... 65 77 85 90 92
1/4 acre ................................................................................................ 38 61 75 83 87
1/3 acre ................................................................................................ 30 57 72 81 86
1/2 acre ................................................................................................ 25 54 70 80 85
1 acre ................................................................................................... 20 51 68 79 84
2 acres .................................................................................................. 12 46 65 77 82

Developing urban areas

Newly graded areas
(pervious areas only, no vegetation) 5/ ................................................................ 77 86 91 94

Idle lands (CN’s are determined using cover types
similar to those in table 2-2c).

1 Average runoff condition, and Ia = 0.2S.
2 The average percent impervious area shown was used to develop the composite CN’s. Other assumptions are as follows: impervious areas are

directly connected to the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent to open space in
good hydrologic condition. CN’s for other combinations of conditions may be computed using figure 2-3 or 2-4.

3 CN’s shown are equivalent to those of pasture. Composite CN’s may be computed for other combinations of open space
cover type.

4 Composite CN’s for natural desert landscaping should be computed using figures 2-3 or 2-4 based on the impervious area percentage
(CN = 98) and the pervious area CN. The pervious area CN’s are assumed equivalent to desert shrub in poor hydrologic condition.

5 Composite CN’s to use for the design of temporary measures during grading and construction should be computed using figure 2-3 or 2-4
based on the degree of development (impervious area percentage) and the CN’s for the newly graded  pervious areas.
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2–6 (210-VI-TR-55, Second Ed., June 1986)

Table 2-2b Runoff curve numbers for cultivated agricultural lands 1/

                                                                                                                                                               Curve numbers for
------------------------------------------  Cover description  ---------------------------------------------               -------------  hydrologic soil group  ----------------

Hydrologic
Cover type Treatment 2/ condition 3/ A B C D

Fallow Bare soil — 77 86 91 94
Crop residue cover (CR) Poor 76 85 90 93

Good 74 83 88 90

Row crops Straight row (SR) Poor 72 81 88 91
Good 67 78 85 89

SR + CR Poor 71 80 87 90
Good 64 75 82 85

Contoured (C) Poor 70 79 84 88
Good 65 75 82 86

C + CR Poor 69 78 83 87
Good 64 74 81 85

Contoured & terraced (C&T) Poor 66 74 80 82
Good 62 71 78 81

C&T+ CR Poor 65 73 79 81
Good 61 70 77 80

Small grain SR Poor 65 76 84 88
Good 63 75 83 87

SR + CR Poor 64 75 83 86
Good 60 72 80 84

C Poor 63 74 82 85
Good 61 73 81 84

C + CR Poor 62 73 81 84
Good 60 72 80 83

C&T Poor 61 72 79 82
Good 59 70 78 81

C&T+ CR Poor 60 71 78 81
Good 58 69 77 80

Close-seeded SR Poor 66 77 85 89
or broadcast Good 58 72 81 85
legumes or C Poor 64 75 83 85
rotation Good 55 69 78 83
meadow C&T Poor 63 73 80 83

Good 51 67 76 80

1 Average runoff condition, and Ia=0.2S
2 Crop residue cover applies only if residue is on at least 5% of the surface throughout the year.
3 Hydraulic condition is based on combination factors that affect infiltration and runoff, including (a) density and canopy of vegetative areas,

(b) amount of year-round cover, (c) amount of grass or close-seeded legumes, (d) percent of residue cover on the land surface (good ≥ 20%),
and (e) degree of surface roughness.

Poor: Factors impair infiltration and tend to increase runoff.

Good: Factors encourage average and better than average infiltration and tend to decrease runoff.
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Table 2-2c Runoff curve numbers for other agricultural lands 1/

         Curve numbers for
---------------------------------------  Cover description  --------------------------------------                 ------------  hydrologic soil group ---------------

Hydrologic
Cover type condition A B C D

Pasture, grassland, or range—continuous Poor 68 79 86 89
forage for grazing. 2/ Fair 49 69 79 84

Good 39 61 74 80

Meadow—continuous grass, protected from — 30 58 71 78
grazing and generally mowed for hay.

Brush—brush-weed-grass mixture with brush Poor 48 67 77 83
the major element. 3/ Fair 35 56 70 77

Good 30 4/ 48 65 73

Woods—grass combination (orchard Poor 57 73 82 86
or tree farm). 5/ Fair 43 65 76 82

Good 32 58 72 79

Woods. 6/ Poor 45 66 77 83
Fair 36 60 73 79

Good 30 4/ 55 70 77

Farmsteads—buildings, lanes, driveways, — 59 74 82 86
and surrounding lots.

1  Average runoff condition, and Ia = 0.2S.
2  Poor: <50%) ground cover or heavily grazed with no mulch.

 Fair: 50 to 75% ground cover and not heavily grazed.
 Good: > 75% ground cover and lightly or only occasionally grazed.

3  Poor: <50% ground cover.
 Fair: 50 to 75% ground cover.
 Good: >75% ground cover.

4  Actual curve number is less than 30; use CN = 30 for runoff computations.
5  CN’s shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combinations of conditions may be computed

from the CN’s for woods and pasture.
6  Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning.

 Fair: Woods are grazed but not burned, and some forest litter covers the soil.
 Good: Woods are protected from grazing, and litter and brush adequately cover the soil.
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Table 2-2d Runoff curve numbers for arid and semiarid rangelands 1/

         Curve numbers for
----------------------------------------  Cover description  -----------------------------------------------       ---------------  hydrologic soil group  -------------

Hydrologic
                        Cover type condition 2/ A 3/ B C D

Herbaceous—mixture of grass, weeds, and Poor 80 87 93
low-growing brush, with brush the Fair 71 81 89
minor element. Good 62 74 85

Oak-aspen—mountain brush mixture of oak brush, Poor 66 74 79
aspen, mountain mahogany, bitter brush, maple, Fair 48 57 63
and other brush. Good 30 41 48

Pinyon-juniper—pinyon, juniper, or both; Poor 75 85 89
grass understory. Fair 58 73 80

Good 41 61 71

Sagebrush with grass understory. Poor 67 80 85
Fair 51 63 70

Good 35 47 55

Desert shrub—major plants include saltbush, Poor 63 77 85 88
greasewood, creosotebush, blackbrush, bursage, Fair 55 72 81 86

palo verde, mesquite, and cactus. Good 49 68 79 84

1 Average runoff condition, and Ia, = 0.2S. For range in humid regions, use table 2-2c.
2 Poor:  <30% ground cover (litter, grass, and brush overstory).

Fair:    30 to 70% ground cover.
Good:  > 70% ground cover.

3 Curve numbers for group A have been developed only for desert shrub.
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NW Hill Road at NW Horizon Drive 
 

For the intersection of NW Hill Road at NW Horizon Drive, the operational analysis showed that the 
intersection was projected to operate acceptably without the need for mitigation through year 2026 even with 
maximum development under the R2 Residential zoning. Since the number of site trips generated under this 
scenario is far in excess of the number of trips generated under the currently-proposed development scenario, 
it can be concluded that no mitigation will be needed to support added traffic at this intersection. 

NW Hill Road at NW 2nd Street 
 

For the intersection of NW Hill Road at NW 2nd Street, it was projected that the intersection would operate 
with volumes exceeding intersection capacity during the evening peak hour. It was recommended that the 
intersection be converted to all-way stop control in order to improve operation. With the conversion to all-
way stop control the intersection was projected to operate acceptably through 2026 even with the addition of 
the maximum development levels permissible under the R-2 Residential zoning. Based on the prior analysis, it 
can be concluded that the recommended conversion to all-way stop control remains appropriate, and that the 
added trips from the currently-proposed development will not result in the need for any additional mitigation 
at this intersection. It should be noted that the conversion to all-way stop control has already been 
implemented at this intersection. 

SW Hill Road at SW Redmond Hill Road 
 

For the intersection of SW Hill Road at SW Redmond Hill Road, the operational analysis again showed that 
the intersection was projected to operate acceptably without the need for mitigation through year 2026 even 
with maximum development under the R2 Residential zoning. Since the number of site trips generated under 
this scenario is far in excess of the number of trips generated under the currently-proposed development 
scenario, it can be concluded that no additional mitigation will be needed to support added traffic at this 
intersection. 

Turn Lane Warrant Analysis 

In addition to the operational analysis of the three study intersections, a safety-based turn-lane warrant 
analysis was conducted for the study intersections. Based on the analysis, installation of a northbound left-
turn lane on NW Hill Road at NW Horizon Drive was projected to be warranted upon development of the 
290th home within the proposed subdivision. Similarly, northbound and southbound left-turn lanes were 
projected to be warranted on NW Hill Road at NW 2nd Street once site development reached 290 or more 
homes.  

For the intersection of SW Hill Road at SW Redmond Hill Road it was determined that left-turn lane 
warrants would not be met under the maximum development scenario for the prior R1 Residential zoning 
(679 homes), but that installation of a left-turn lane would be warranted with maximum development under 
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the current R2 Residential zoning (873 homes). Since the revised development scenario results in fewer trips 
than the levels allowed under the prior R1 Residential zoning, it can be concluded that installation of a left-
turn lane will not be needed upon completion of the revised development plan.  

Since completion of the January, 2007 traffic impact study, the intersection of NW Hill Road at NW 2nd 
Street has been converted to all-way stop control. This change to the traffic control means that the left-turn 
lane warrant analysis previously prepared for this intersection is no longer applicable. Warrants for left-turn 
lanes are based on the idea that vehicles stopping within an otherwise free-flowing travel lane can create an 
unexpected hazard to through traffic and can increase the risk of rear-end collisions, as well as turning-
movement collisions that can occur when a stopped vehicle is rear-ended and pushed into the path of 
oncoming traffic. However, since all vehicles must now stop on all intersection approaches, the turn-lane 
warrants can no longer be appropriately applied to the intersection. Accordingly, recommendations regarding 
installation of any new approach lanes at the intersection of NW Hill Road at NW 2nd Street would be based 
solely on capacity and delay concerns, rather than turn-lane warrants. 

Based on the updated operational analysis for the intersection, it is projected that the intersection will operate 
acceptably during the morning peak hours with the existing lane configuration, but will operate at level of 
service “F” during the evening peak hours. If the previously-recommended northbound and southbound left-
turn lanes are provided, the intersection would be projected to operate at level of service C and with all 
movements within capacity. Based on this analysis, the prior recommendation for installation of northbound 
and southbound left turn lanes at NW 2nd Street remains valid under the proposed development plan.  

Conclusions 

Based on the detailed investigation of the revised development plan, the following improvement 
recommendations remain valid: 

 A northbound left-turn lane should be provided on NW Hill Road at NW Horizon Drive once site 
development reaches a total of 290 homes. 

 Northbound and southbound left-turn lanes should be provided on NW Hill Road at NW 2nd Street 
once site development reaches a total of 290 homes. 

No other operational or safety mitigations are necessary or recommended in conjunction with the modified 
development proposal. 
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Land Use: Single-Family Detached Housing
Land Use Code: 210

Variable: Dwelling Units
Variable Value: 579

Trip Equation: T = 0.70(X) + 9.74 Trip Equation: Ln(T)=0.90Ln(X)+0.51

Enter Exit Total Enter Exit Total
Directional Directional
Distribution Distribution

Trip Ends 104 311 415 Trip Ends 321 189 510

Trip Equation: Ln(T)=0.92Ln(X)+2.72 Trip Equation: Ln(T)=0.93Ln(X)+2.64

Enter Exit Total Enter Exit Total
Directional Directional
Distribution Distribution

Trip Ends 2,642 2,642 5,284 Trip Ends 2,599 2,599 5,198

Source: TRIP GENERATION, Ninth Edition

75% 63% 37%

50% 50%50%50%

TRIP GENERATION CALCULATIONS

AM PEAK HOUR PM PEAK HOUR

WEEKDAY SATURDAY

25%



Land Use: Apartment
Land Use Code: 220

Variable: Dwelling Units
Variable Value: 68

Trip Rate: 0.51 Trip Rate: 0.62

Enter Exit Total Enter Exit Total
Directional Directional
Distribution Distribution

Trip Ends 7 28 35 Trip Ends 27 15 42

Trip Rate: 6.65 Trip Rate: 6.39

Enter Exit Total Enter Exit Total
Directional Directional
Distribution Distribution

Trip Ends 226 226 452 Trip Ends 217 217 434

Source: TRIP GENERATION, Ninth Edition

50% 50% 50% 50%

TRIP GENERATION CALCULATIONS

SATURDAY

PM PEAK HOURAM PEAK HOUR

WEEKDAY

20% 80% 65% 35%



HCM Unsignalized Intersection Capacity Analysis
1: NW Hill Road & NW 2nd Street 03/08/2017

Hillcrest Subdivision Analysis Update  03/01/2017 2016 Background plus Site Trips AM Synchro 9 Light Report
MTA Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Traffic Volume (vph) 51 177 46 41 71 67 28 182 122 149 132 29
Future Volume (vph) 51 177 46 41 71 67 28 182 122 149 132 29
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 65 227 59 53 91 86 36 233 156 191 169 37

Direction, Lane # EB 1 EB 2 WB 1 NB 1 SB 1
Volume Total (vph) 292 59 230 425 397
Volume Left (vph) 65 0 53 36 191
Volume Right (vph) 0 59 86 156 37
Hadj (s) 0.08 -0.57 -0.13 -0.08 0.13
Departure Headway (s) 7.8 3.2 7.9 7.1 7.4
Degree Utilization, x 0.64 0.05 0.51 0.84 0.82
Capacity (veh/h) 412 1121 399 485 468
Control Delay (s) 23.6 6.4 18.7 37.6 35.4
Approach Delay (s) 20.7 18.7 37.6 35.4
Approach LOS C C E E

Intersection Summary
Delay 29.6
Level of Service D
Intersection Capacity Utilization 76.2% ICU Level of Service D
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis
1: NW Hill Road & NW 2nd Street 03/08/2017

Hillcrest Subdivision Analysis Update  03/01/2017 2016 Background plus Site Trips PM Synchro 9 Light Report
MTA Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Traffic Volume (vph) 34 106 31 88 184 174 61 164 76 114 211 63
Future Volume (vph) 34 106 31 88 184 174 61 164 76 114 211 63
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 37 115 34 96 200 189 66 178 83 124 229 68

Direction, Lane # EB 1 EB 2 WB 1 NB 1 SB 1
Volume Total (vph) 152 34 485 327 421
Volume Left (vph) 37 0 96 66 124
Volume Right (vph) 0 34 189 83 68
Hadj (s) 0.08 -0.57 -0.16 -0.04 0.03
Departure Headway (s) 8.6 3.2 7.1 7.7 7.5
Degree Utilization, x 0.36 0.03 0.96 0.70 0.87
Capacity (veh/h) 378 1121 500 452 468
Control Delay (s) 16.5 6.3 57.3 26.7 43.2
Approach Delay (s) 14.6 57.3 26.7 43.2
Approach LOS B F D E

Intersection Summary
Delay 40.5
Level of Service E
Intersection Capacity Utilization 76.7% ICU Level of Service D
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis
1: NW Hill Road & NW 2nd Street 03/08/2017

Hillcrest Subdivision Analysis Update  03/01/2017 2016 Background plus Site Trips Mitigated PM Synchro 9 Light Report
MTA Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Traffic Volume (vph) 34 106 31 88 184 174 61 164 76 114 211 63
Future Volume (vph) 34 106 31 88 184 174 61 164 76 114 211 63
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 37 115 34 96 200 189 66 178 83 124 229 68

Direction, Lane # EB 1 EB 2 WB 1 NB 1 NB 2 SB 1 SB 2
Volume Total (vph) 152 34 485 66 261 124 297
Volume Left (vph) 37 0 96 66 0 124 0
Volume Right (vph) 0 34 189 0 83 0 68
Hadj (s) 0.08 -0.57 -0.16 0.57 -0.15 0.57 -0.09
Departure Headway (s) 7.8 3.2 6.5 8.4 7.6 8.2 7.5
Degree Utilization, x 0.33 0.03 0.88 0.15 0.55 0.28 0.62
Capacity (veh/h) 429 1121 535 402 438 416 452
Control Delay (s) 14.6 6.3 40.1 11.7 18.5 13.2 20.8
Approach Delay (s) 13.0 40.1 17.1 18.6
Approach LOS B E C C

Intersection Summary
Delay 24.9
Level of Service C
Intersection Capacity Utilization 65.5% ICU Level of Service C
Analysis Period (min) 15




