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CHANG Consultants
Hydrology Hydraulics Sedimentation

 P.O. Box 9492 (required for regular mail) 
 6001 Avenida Alteras 
 Rancho Santa Fe, CA 92067-4492 
 (858) 756-9050, (858) 692-0761, FAX: (858) 756-9460 

E-mail: changh@mail.sdsu.edu   Web Page: chang.sdsu.edu

          October 15, 2007 
Mr. Charles W. Cohen 
Weston Benshoof 
Rochefort Rubalcava & MacCuish, Attorneys at Law 
2801 Townsgate Road, Suite 215 
Westlake Village, CA 91361 

Dear Chuck: 

 RE: Brown Barranca  

 Pursuant to our recent meeting and my field inspection, I have prepared this letter report 
to provide my professional opinion on channel improvements for Brown Barranca.   The channel 
reach of Brown Barranca under consideration is between Telegraph Road and Blackburn.  The 
Parkland Development has been planned along this channel reach. 

 Brown Barranca is an alluvial stream; it is heavily infilled with willow, mulefat, ivy, cat-
tail, castor bean, and other native and non-native plants at this time. According to a recent 
hydrology and hydraulic study by Omrun (2006), the 100-yr flood is contained in the channel and 
the velocities in the earthen channel ranges from 3 to 13.9 feet per second.  

 In order to protect future improvements from flood-related damages; the Parkland 
Development needs to be flood free and flood safe.   While the property along the channel is not 
subject to flooding, it must also be protected against any potential erosion of the stream channel. 
In other words, the stream channel must be stabilized to avoid future flood-related damages to 
the properties. Channel stabilization can be accomplished in different ways.  One must consider 
physical conditions of the stream channel in selecting a suitable method for channel stabilization.   

 Physical conditions of the stream channel suggest that vegetative control of stream bank 
erosion is a suitable means to control erosion of the channel bank for the proposed development.  
Protection of a stream bank by vegetation has been a traditional practice in this county (Parsons, 
1963).  Willow cuttings or stems can be inserted into the channel bank.   Such cuttings will 
develop into low growing bushes or trees; they are pliable and capable of recovery after mauling. 
Such plants provide protection of the stream bank in the following ways: 

(1) They reduce the flow speed or shear stress at the stream bank to a value below the 
erosive speed or shear stress.

(2) They provide a buffer for the bank material against transported materials such logs and 
other kinds of debris. 

(3) The root system of plants forms a network of reinforcement for the bank material.  
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 It is also important to point out that the use of vegetation in the stream channel is 
environmentally friendly. It preserves the natural appearance of the stream channel, the wetland, 
and natural wildlife habitat and it will continue to allow ground water recharge.  Maintenance 
trimming of the dense growth can be made periodically.  Thick branches and leaves can be 
removed; tree and bush trucks can be trimmed but not removed.    

 Brown Barranca is an ephemeral stream with storm flows occurring during the winter 
rainy season.  Storm flows at higher velocities are erosive but such flows are typically short in 
duration. As a safety measure, it is suggested that improvements along the stream channel 
maintain a minimum setback of 15 feet from existing channel banks that are flatter than 36 
degrees and a minimum setback of 25 feet along steeper banks. If any bank erosion occurs in the 
future, repairs can be made to restore the channel bank.  Maintenance repair of the channel bank 
should be a condition for the proposed development project. 

 Please let me know if you have any questions regarding this letter.  

          Sincerely, 

       
           Howard H. Chang, Ph.D., P.E. 

References

Omrun Engineering, “Brown Barranca Hydraulic Study”, prepared for hawks and Associates, 
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Diversion Weir Performance
Type I 24-hr Q100  Rainfall=8.30"RevParklandsQ99

  Printed  10/18/2008Prepared by Barry Rands, P.E.
Page 1HydroCAD® 8.50  s/n 002942  © 2007 HydroCAD Software Solutions LLC

Stage-Discharge for Pond 6P: Low Flow Bypass

Elevation
(feet)

Discharge
(cfs)

Primary
(cfs)

Secondary
(cfs)

182.00 0.00 0.00 0.00
182.10 0.06 0.06 0.00
182.20 0.25 0.25 0.00
182.30 0.55 0.55 0.00
182.40 0.96 0.96 0.00
182.50 1.48 1.48 0.00
182.60 2.09 2.09 0.00
182.70 2.79 2.79 0.00
182.80 3.57 3.57 0.00
182.90 4.43 4.43 0.00
183.00 5.35 5.35 0.00
183.10 6.32 6.32 0.00
183.20 7.34 7.34 0.00
183.30 8.39 8.39 0.00
183.40 9.46 9.46 0.00
183.50 10.54 10.54 0.00
183.60 11.60 11.60 0.00
183.70 12.63 12.63 0.00
183.80 13.60 13.60 0.00
183.90 14.47 14.47 0.00
184.00 15.13 15.13 0.00
184.10 15.87 15.87 0.00
184.20 16.57 16.57 0.00
184.30 17.25 17.25 0.00
184.40 17.90 17.90 0.00
184.50 18.53 18.53 0.00
184.60 19.13 19.13 0.00
184.70 19.72 19.72 0.00
184.80 20.29 20.29 0.00
184.90 20.85 20.85 0.00
185.00 21.39 21.39 0.00
185.10 22.75 21.92 0.83
185.20 24.78 22.44 2.35
185.30 27.26 22.94 4.32
185.40 30.09 23.43 6.66
185.50 33.24 23.92 9.32
185.60 36.66 24.39 12.27
185.70 40.34 24.86 15.48
185.80 44.25 25.31 18.94
185.90 48.39 25.76 22.63
186.00 52.75 26.20 26.55
186.10 57.30 26.63 30.67
186.20 62.05 27.06 34.99
186.30 66.98 27.48 39.50
186.40 72.10 27.89 44.20
186.50 77.39 28.30 49.09
186.60 82.84 28.70 54.14
186.70 88.47 29.10 59.37
186.80 94.25 29.49 64.76
186.90 100.19 29.87 70.31
187.00 106.28 30.25 76.02

Elevation
(feet)

Discharge
(cfs)

Primary
(cfs)

Secondary
(cfs)

187.10 112.52 30.63 81.89
187.20 118.91 31.00 87.90
187.30 125.44 31.37 94.07
187.40 132.11 31.73 100.38
187.50 138.91 32.09 106.83
187.60 145.86 32.44 113.41
187.70 152.93 32.79 120.14
187.80 160.14 33.14 127.00
187.90 167.48 33.48 133.99
188.00 174.94 33.82 141.12
188.10 182.53 34.16 148.37
188.20 190.24 34.49 155.74
188.30 198.07 34.82 163.25
188.40 206.02 35.15 170.87
188.50 214.09 35.48 178.61
188.60 222.27 35.80 186.47
188.70 230.57 36.11 194.45
188.80 238.98 36.43 202.55
188.90 247.50 36.74 210.75
189.00 256.12 37.05 219.07
189.10 264.86 37.36 227.50
189.20 273.71 37.67 236.04
189.30 282.65 37.97 244.69
189.40 291.71 38.27 253.44
189.50 300.86 38.57 262.29
189.60 310.11 38.86 271.25
189.70 319.47 39.15 280.31
189.80 328.92 39.45 289.48
189.90 338.47 39.73 298.74
190.00 348.11 40.02 308.09
190.10 357.85 40.31 317.55
190.20 367.68 40.59 327.10
190.30 377.61 40.87 336.74
190.40 387.62 41.15 346.47
190.50 397.73 41.43 356.30
190.60 407.92 41.70 366.22
190.70 418.19 41.97 376.22
190.80 428.56 42.25 386.31
190.90 439.01 42.52 396.49
191.00 449.54 42.78 406.75
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1S

54ac Developed Area

4P

Detention Basin

6P
CB

Low Flow Bypass

Drainage Diagram for RevParklandsQ10
Prepared by Barry Rands, P.E.,  Printed 10/18/2008
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Subcat Reach Pond Link



RevParklandsQ10
  Printed  10/18/2008Prepared by Barry Rands, P.E.
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Area Listing (selected nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

54.000 89 1/8 acre lots, 65% imp, HSG C  (1S)
54.000 TOTAL AREA



RevParklandsQ10
  Printed  10/18/2008Prepared by Barry Rands, P.E.
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Soil Listing (selected nodes)

Area
(acres)

Soil
Goup

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B

54.000 HSG C  1S
0.000 HSG D
0.000 Other

54.000 TOTAL AREA



Type I 24-hr Q10  Rainfall=5.50"RevParklandsQ10
  Printed  10/18/2008Prepared by Barry Rands, P.E.

Page 4HydroCAD® 8.50  s/n 002942  © 2007 HydroCAD Software Solutions LLC

Time span=0.00-24.00 hrs, dt=0.05 hrs, 481 points
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=54.000 ac   65.00% Impervious   Runoff Depth>4.23"Subcatchment 1S: 54ac Developed Area
   Tc=24.5 min   CN=89   Runoff=119.57 cfs  19.022 af

Peak Elev=184.91'  Storage=2.235 af   Inflow=88.53 cfs  3.722 afPond 4P: Detention Basin
   Outflow=32.88 cfs  3.698 af

Peak Elev=187.21'   Inflow=119.57 cfs  19.022 afPond 6P: Low Flow Bypass
   Primary=31.04 cfs  15.300 af   Secondary=88.53 cfs  3.722 af   Outflow=119.57 cfs  19.022 af

Total Runoff Area = 54.000 ac   Runoff Volume = 19.022 af   Average Runoff Depth = 4.23"
35.00% Pervious = 18.900 ac     65.00% Impervious = 35.100 ac



Type I 24-hr Q10  Rainfall=5.50"RevParklandsQ10
  Printed  10/18/2008Prepared by Barry Rands, P.E.
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Summary for Subcatchment 1S: 54ac Developed Area

Runoff = 119.57 cfs @ 10.17 hrs,  Volume= 19.022 af,  Depth> 4.23"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type I 24-hr Q10  Rainfall=5.50"

Area (ac) CN Description
54.000 89 1/8 acre lots, 65% imp, HSG C
18.900 Pervious Area
35.100 Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
24.5 Direct Entry, 

Subcatchment 1S: 54ac Developed Area

Runoff

Hydrograph

Time  (hours)
2423222120191817161514131211109876543210
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Type I 24-hr Q10
Rainfall=5.50"

Runoff Area=54.000 ac
Runoff Volume=19.022 af

Runoff Depth>4.23"
Tc=24.5 min

CN=89

119.57 cfs



Type I 24-hr Q10  Rainfall=5.50"RevParklandsQ10
  Printed  10/18/2008Prepared by Barry Rands, P.E.
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Summary for Pond 4P: Detention Basin

Inflow = 88.53 cfs @ 10.17 hrs,  Volume= 3.722 af
Outflow = 32.88 cfs @ 10.49 hrs,  Volume= 3.698 af,  Atten= 63%,  Lag= 19.0 min
Primary = 32.88 cfs @ 10.49 hrs,  Volume= 3.698 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 184.91' @ 10.49 hrs   Surf.Area= 0.897 ac   Storage= 2.235 af

Plug-Flow detention time= 65.0 min calculated for 3.698 af (99% of inflow)
Center-of-Mass det. time= 64.7 min ( 679.9 - 615.2 )

Volume Invert Avail.Storage Storage Description
#1 182.00' 1.251 af 148.00'W x 264.00'L x 7.00'H Prismatoid

6.279 af Overall - 3.152 af Embedded = 3.126 af  x 40.0% Voids
#2 182.00' 2.744 af 96.8"W x 58.0"H x 8.00'L CONSTORM 54  x 594  Inside #1

3.994 af Total Available Storage

Device Routing     Invert Outlet Devices
#1 Primary 182.00' 2.50' W x 2.00' H Vert. Orifice/Grate   C= 0.600   
#2 Primary 185.00' 3.4' long x 4.00' rise Sharp-Crested Rectangular Weir   

2 End Contraction(s)   3.0' Crest Height   

Primary OutFlow  Max=32.85 cfs @ 10.49 hrs  HW=184.91'  TW=181.36'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 32.85 cfs @ 6.57 fps)
2=Sharp-Crested Rectangular Weir  ( Controls 0.00 cfs)

Pond 4P: Detention Basin

Inflow
Primary

Hydrograph

Time  (hours)
2423222120191817161514131211109876543210
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Peak Elev=184.91'
Storage=2.235 af

88.53 cfs

32.88 cfs



Type I 24-hr Q10  Rainfall=5.50"RevParklandsQ10
  Printed  10/18/2008Prepared by Barry Rands, P.E.
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Pond 4P: Detention Basin

Primary

Stage-Discharge

Discharge  (cfs)
1301201101009080706050403020100

E
le

va
ti

o
n

  (
fe

et
)

189

188

187

186

185

184

183

182  Orifice/Grate 

 Sharp-Crested Rectangular Weir 



Type I 24-hr Q10  Rainfall=5.50"RevParklandsQ10
  Printed  10/18/2008Prepared by Barry Rands, P.E.
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Summary for Pond 6P: Low Flow Bypass

[57] Hint: Peaked at 187.21' (Flood elevation advised)

Inflow Area = 54.000 ac, 65.00% Impervious,  Inflow Depth > 4.23"    for  Q10 event
Inflow = 119.57 cfs @ 10.17 hrs,  Volume= 19.022 af
Outflow = 119.57 cfs @ 10.17 hrs,  Volume= 19.022 af,  Atten= 0%,  Lag= 0.0 min
Primary = 31.04 cfs @ 10.17 hrs,  Volume= 15.300 af
Secondary = 88.53 cfs @ 10.17 hrs,  Volume= 3.722 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 187.21' @ 10.17 hrs

Device Routing     Invert Outlet Devices
#1 Secondary 185.00' 8.0' long x 6.00' rise Sharp-Crested Rectangular Weir   

2 End Contraction(s)   3.0' Crest Height   
#2 Primary 182.00' 24.0" Vert. Orifice/Grate   C= 0.600   

Primary OutFlow  Max=30.98 cfs @ 10.17 hrs  HW=187.19'  TW=181.31'   (Dynamic Tailwater)
2=Orifice/Grate  (Orifice Controls 30.98 cfs @ 9.86 fps)

Secondary OutFlow  Max=87.53 cfs @ 10.17 hrs  HW=187.19'  TW=183.70'   (Dynamic Tailwater)
1=Sharp-Crested Rectangular Weir  (Weir Controls 87.53 cfs @ 5.28 fps)

Pond 6P: Low Flow Bypass

Inflow
Outflow
Primary
Secondary

Hydrograph

Time  (hours)
2423222120191817161514131211109876543210

F
lo

w
  (

cf
s)

130
125
120
115
110
105
100
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10
5
0

Inflow Area=54.000 ac
Peak Elev=187.21'

119.57 cfs119.57 cfs

31.04 cfs

88.53 cfs
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Pond 6P: Low Flow Bypass

Total
Primary
Secondary

Stage-Discharge

Discharge  (cfs)
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Drainage Diagram for RevParklandsQ25
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Subcat Reach Pond Link



RevParklandsQ25
  Printed  10/18/2008Prepared by Barry Rands, P.E.
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Area Listing (selected nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

54.000 89 1/8 acre lots, 65% imp, HSG C  (1S)
54.000 TOTAL AREA



RevParklandsQ25
  Printed  10/18/2008Prepared by Barry Rands, P.E.
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Soil Listing (selected nodes)

Area
(acres)

Soil
Goup

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B

54.000 HSG C  1S
0.000 HSG D
0.000 Other

54.000 TOTAL AREA



Type I 24-hr Q25  Rainfall=6.60"RevParklandsQ25
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Time span=0.00-24.00 hrs, dt=0.05 hrs, 481 points
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=54.000 ac   65.00% Impervious   Runoff Depth>5.28"Subcatchment 1S: 54ac Developed Area
   Tc=29.5 min   CN=89   Runoff=135.01 cfs  23.763 af

Peak Elev=185.87'  Storage=2.833 af   Inflow=103.12 cfs  5.376 afPond 4P: Detention Basin
   Outflow=49.50 cfs  5.351 af

Peak Elev=187.44'   Inflow=135.01 cfs  23.763 afPond 6P: Low Flow Bypass
   Primary=31.88 cfs  18.387 af   Secondary=103.12 cfs  5.376 af   Outflow=135.01 cfs  23.763 af

Total Runoff Area = 54.000 ac   Runoff Volume = 23.763 af   Average Runoff Depth = 5.28"
35.00% Pervious = 18.900 ac     65.00% Impervious = 35.100 ac
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Summary for Subcatchment 1S: 54ac Developed Area

Runoff = 135.01 cfs @ 10.23 hrs,  Volume= 23.763 af,  Depth> 5.28"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type I 24-hr Q25  Rainfall=6.60"

Area (ac) CN Description
54.000 89 1/8 acre lots, 65% imp, HSG C
18.900 Pervious Area
35.100 Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
29.5 Direct Entry, 

Subcatchment 1S: 54ac Developed Area

Runoff

Hydrograph

Time  (hours)
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Type I 24-hr Q25
Rainfall=6.60"

Runoff Area=54.000 ac
Runoff Volume=23.763 af

Runoff Depth>5.28"
Tc=29.5 min

CN=89

135.01 cfs



Type I 24-hr Q25  Rainfall=6.60"RevParklandsQ25
  Printed  10/18/2008Prepared by Barry Rands, P.E.
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Summary for Pond 4P: Detention Basin

Inflow = 103.12 cfs @ 10.23 hrs,  Volume= 5.376 af
Outflow = 49.50 cfs @ 10.54 hrs,  Volume= 5.351 af,  Atten= 52%,  Lag= 18.5 min
Primary = 49.50 cfs @ 10.54 hrs,  Volume= 5.351 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 185.87' @ 10.54 hrs   Surf.Area= 0.897 ac   Storage= 2.833 af

Plug-Flow detention time= 57.0 min calculated for 5.340 af (99% of inflow)
Center-of-Mass det. time= 57.9 min ( 678.6 - 620.7 )

Volume Invert Avail.Storage Storage Description
#1 182.00' 1.251 af 148.00'W x 264.00'L x 7.00'H Prismatoid

6.279 af Overall - 3.152 af Embedded = 3.126 af  x 40.0% Voids
#2 182.00' 2.744 af 96.8"W x 58.0"H x 8.00'L CONSTORM 54  x 594  Inside #1

3.994 af Total Available Storage

Device Routing     Invert Outlet Devices
#1 Primary 182.00' 2.50' W x 2.00' H Vert. Orifice/Grate   C= 0.600   
#2 Primary 185.00' 3.4' long x 4.00' rise Sharp-Crested Rectangular Weir   

2 End Contraction(s)   3.0' Crest Height   

Primary OutFlow  Max=49.40 cfs @ 10.54 hrs  HW=185.87'  TW=181.43'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 40.56 cfs @ 8.11 fps)
2=Sharp-Crested Rectangular Weir  (Weir Controls 8.84 cfs @ 3.16 fps)

Pond 4P: Detention Basin
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Peak Elev=185.87'
Storage=2.833 af
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Pond 4P: Detention Basin

Primary

Stage-Discharge

Discharge  (cfs)
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Type I 24-hr Q25  Rainfall=6.60"RevParklandsQ25
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Summary for Pond 6P: Low Flow Bypass

[57] Hint: Peaked at 187.44' (Flood elevation advised)

Inflow Area = 54.000 ac, 65.00% Impervious,  Inflow Depth > 5.28"    for  Q25 event
Inflow = 135.01 cfs @ 10.23 hrs,  Volume= 23.763 af
Outflow = 135.01 cfs @ 10.23 hrs,  Volume= 23.763 af,  Atten= 0%,  Lag= 0.0 min
Primary = 31.88 cfs @ 10.23 hrs,  Volume= 18.387 af
Secondary = 103.12 cfs @ 10.23 hrs,  Volume= 5.376 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 187.44' @ 10.23 hrs

Device Routing     Invert Outlet Devices
#1 Secondary 185.00' 8.0' long x 6.00' rise Sharp-Crested Rectangular Weir   

2 End Contraction(s)   3.0' Crest Height   
#2 Primary 182.00' 24.0" Vert. Orifice/Grate   C= 0.600   

Primary OutFlow  Max=31.85 cfs @ 10.23 hrs  HW=187.43'  TW=181.35'   (Dynamic Tailwater)
2=Orifice/Grate  (Orifice Controls 31.85 cfs @ 10.14 fps)

Secondary OutFlow  Max=102.46 cfs @ 10.23 hrs  HW=187.43'  TW=184.34'   (Dynamic Tailwater)
1=Sharp-Crested Rectangular Weir  (Weir Controls 102.46 cfs @ 5.61 fps)

Pond 6P: Low Flow Bypass
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Inflow Area=54.000 ac
Peak Elev=187.44'
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Pond 6P: Low Flow Bypass

Total
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1S

54ac Developed Area

4P

Detention Basin

6P
CB

Low Flow Bypass

Drainage Diagram for RevParklandsQ50
Prepared by Barry Rands, P.E.,  Printed 10/18/2008
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Subcat Reach Pond Link



RevParklandsQ50
  Printed  10/18/2008Prepared by Barry Rands, P.E.
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Area Listing (selected nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

54.000 89 1/8 acre lots, 65% imp, HSG C  (1S)
54.000 TOTAL AREA



RevParklandsQ50
  Printed  10/18/2008Prepared by Barry Rands, P.E.
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Soil Listing (selected nodes)

Area
(acres)

Soil
Goup

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B

54.000 HSG C  1S
0.000 HSG D
0.000 Other

54.000 TOTAL AREA
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Time span=0.00-24.00 hrs, dt=0.05 hrs, 481 points
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=54.000 ac   65.00% Impervious   Runoff Depth>6.16"Subcatchment 1S: 54ac Developed Area
   Tc=27.5 min   CN=89   Runoff=162.71 cfs  27.707 af

Peak Elev=186.96'  Storage=3.263 af   Inflow=129.45 cfs  6.929 afPond 4P: Detention Basin
   Outflow=76.97 cfs  6.904 af

Peak Elev=187.84'   Inflow=162.71 cfs  27.707 afPond 6P: Low Flow Bypass
   Primary=33.26 cfs  20.778 af   Secondary=129.45 cfs  6.929 af   Outflow=162.71 cfs  27.707 af

Total Runoff Area = 54.000 ac   Runoff Volume = 27.707 af   Average Runoff Depth = 6.16"
35.00% Pervious = 18.900 ac     65.00% Impervious = 35.100 ac
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Summary for Subcatchment 1S: 54ac Developed Area

Runoff = 162.71 cfs @ 10.21 hrs,  Volume= 27.707 af,  Depth> 6.16"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type I 24-hr Q50  Rainfall=7.50"

Area (ac) CN Description
54.000 89 1/8 acre lots, 65% imp, HSG C
18.900 Pervious Area
35.100 Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
27.5 Direct Entry, 

Subcatchment 1S: 54ac Developed Area

Runoff

Hydrograph

Time  (hours)
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Type I 24-hr Q50
Rainfall=7.50"

Runoff Area=54.000 ac
Runoff Volume=27.707 af

Runoff Depth>6.16"
Tc=27.5 min

CN=89

162.71 cfs



Type I 24-hr Q50  Rainfall=7.50"RevParklandsQ50
  Printed  10/18/2008Prepared by Barry Rands, P.E.
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Summary for Pond 4P: Detention Basin

Inflow = 129.45 cfs @ 10.21 hrs,  Volume= 6.929 af
Outflow = 76.97 cfs @ 10.44 hrs,  Volume= 6.904 af,  Atten= 41%,  Lag= 13.9 min
Primary = 76.97 cfs @ 10.44 hrs,  Volume= 6.904 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 186.96' @ 10.44 hrs   Surf.Area= 0.897 ac   Storage= 3.263 af

Plug-Flow detention time= 52.2 min calculated for 6.904 af (100% of inflow)
Center-of-Mass det. time= 51.8 min ( 671.9 - 620.0 )

Volume Invert Avail.Storage Storage Description
#1 182.00' 1.251 af 148.00'W x 264.00'L x 7.00'H Prismatoid

6.279 af Overall - 3.152 af Embedded = 3.126 af  x 40.0% Voids
#2 182.00' 2.744 af 96.8"W x 58.0"H x 8.00'L CONSTORM 54  x 594  Inside #1

3.994 af Total Available Storage

Device Routing     Invert Outlet Devices
#1 Primary 182.00' 2.50' W x 2.00' H Vert. Orifice/Grate   C= 0.600   
#2 Primary 185.00' 3.4' long x 4.00' rise Sharp-Crested Rectangular Weir   

2 End Contraction(s)   3.0' Crest Height   

Primary OutFlow  Max=76.64 cfs @ 10.44 hrs  HW=186.95'  TW=181.53'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 47.71 cfs @ 9.54 fps)
2=Sharp-Crested Rectangular Weir  (Weir Controls 28.92 cfs @ 4.93 fps)

Pond 4P: Detention Basin
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Storage=3.263 af

129.45 cfs

76.97 cfs



Type I 24-hr Q50  Rainfall=7.50"RevParklandsQ50
  Printed  10/18/2008Prepared by Barry Rands, P.E.

Page 7HydroCAD® 8.50  s/n 002942  © 2007 HydroCAD Software Solutions LLC

Pond 4P: Detention Basin

Primary

Stage-Discharge

Discharge  (cfs)
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Summary for Pond 6P: Low Flow Bypass

[57] Hint: Peaked at 187.84' (Flood elevation advised)

Inflow Area = 54.000 ac, 65.00% Impervious,  Inflow Depth > 6.16"    for  Q50 event
Inflow = 162.71 cfs @ 10.21 hrs,  Volume= 27.707 af
Outflow = 162.71 cfs @ 10.21 hrs,  Volume= 27.707 af,  Atten= 0%,  Lag= 0.0 min
Primary = 33.26 cfs @ 10.21 hrs,  Volume= 20.778 af
Secondary = 129.45 cfs @ 10.21 hrs,  Volume= 6.929 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 187.84' @ 10.21 hrs

Device Routing     Invert Outlet Devices
#1 Secondary 185.00' 8.0' long x 6.00' rise Sharp-Crested Rectangular Weir   

2 End Contraction(s)   3.0' Crest Height   
#2 Primary 182.00' 24.0" Vert. Orifice/Grate   C= 0.600   

Primary OutFlow  Max=33.23 cfs @ 10.21 hrs  HW=187.83'  TW=181.39'   (Dynamic Tailwater)
2=Orifice/Grate  (Orifice Controls 33.23 cfs @ 10.58 fps)

Secondary OutFlow  Max=128.81 cfs @ 10.21 hrs  HW=187.83'  TW=185.07'   (Dynamic Tailwater)
1=Sharp-Crested Rectangular Weir  (Weir Controls 128.81 cfs @ 6.13 fps)

Pond 6P: Low Flow Bypass
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Inflow Area=54.000 ac
Peak Elev=187.84'
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Pond 6P: Low Flow Bypass

Total
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Stage-Discharge
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Low Flow Bypass

Drainage Diagram for RevParklandsQ99
Prepared by Barry Rands, P.E.,  Printed 10/18/2008
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Subcat Reach Pond Link



RevParklandsQ99
  Printed  10/18/2008Prepared by Barry Rands, P.E.
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Area Listing (selected nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

54.000 89 1/8 acre lots, 65% imp, HSG C  (1S)
54.000 TOTAL AREA



RevParklandsQ99
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Soil Listing (selected nodes)

Area
(acres)

Soil
Goup

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B

54.000 HSG C  1S
0.000 HSG D
0.000 Other

54.000 TOTAL AREA
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Time span=0.00-24.00 hrs, dt=0.05 hrs, 481 points
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=54.000 ac   65.00% Impervious   Runoff Depth>6.94"Subcatchment 1S: 54ac Developed Area
   Tc=23.5 min   CN=89   Runoff=198.32 cfs  31.249 af

Peak Elev=187.97'  Storage=3.624 af   Inflow=163.47 cfs  8.443 afPond 4P: Detention Basin
   Outflow=106.15 cfs  8.416 af

Peak Elev=188.46'   Inflow=198.32 cfs  31.249 afPond 6P: Low Flow Bypass
   Primary=35.34 cfs  22.807 af   Secondary=163.47 cfs  8.443 af   Outflow=198.32 cfs  31.249 af

Total Runoff Area = 54.000 ac   Runoff Volume = 31.249 af   Average Runoff Depth = 6.94"
35.00% Pervious = 18.900 ac     65.00% Impervious = 35.100 ac
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Summary for Subcatchment 1S: 54ac Developed Area

Runoff = 198.32 cfs @ 10.16 hrs,  Volume= 31.249 af,  Depth> 6.94"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type I 24-hr Q100  Rainfall=8.30"

Area (ac) CN Description
54.000 89 1/8 acre lots, 65% imp, HSG C
18.900 Pervious Area
35.100 Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
23.5 Direct Entry, 

Subcatchment 1S: 54ac Developed Area

Runoff

Hydrograph

Time  (hours)
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Type I 24-hr Q100
Rainfall=8.30"

Runoff Area=54.000 ac
Runoff Volume=31.249 af

Runoff Depth>6.94"
Tc=23.5 min

CN=89

198.32 cfs
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Summary for Pond 4P: Detention Basin

Inflow = 163.47 cfs @ 10.16 hrs,  Volume= 8.443 af
Outflow = 106.15 cfs @ 10.34 hrs,  Volume= 8.416 af,  Atten= 35%,  Lag= 10.7 min
Primary = 106.15 cfs @ 10.34 hrs,  Volume= 8.416 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 187.97' @ 10.34 hrs   Surf.Area= 0.897 ac   Storage= 3.624 af

Plug-Flow detention time= 47.6 min calculated for 8.416 af (100% of inflow)
Center-of-Mass det. time= 47.2 min ( 664.8 - 617.7 )

Volume Invert Avail.Storage Storage Description
#1 182.00' 1.251 af 148.00'W x 264.00'L x 7.00'H Prismatoid

6.279 af Overall - 3.152 af Embedded = 3.126 af  x 40.0% Voids
#2 182.00' 2.744 af 96.8"W x 58.0"H x 8.00'L CONSTORM 54  x 594  Inside #1

3.994 af Total Available Storage

Device Routing     Invert Outlet Devices
#1 Primary 182.00' 2.50' W x 2.00' H Vert. Orifice/Grate   C= 0.600   
#2 Primary 185.00' 3.4' long x 4.00' rise Sharp-Crested Rectangular Weir   

2 End Contraction(s)   3.0' Crest Height   

Primary OutFlow  Max=105.57 cfs @ 10.34 hrs  HW=187.95'  TW=181.63'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 53.46 cfs @ 10.69 fps)
2=Sharp-Crested Rectangular Weir  (Weir Controls 52.11 cfs @ 6.29 fps)

Pond 4P: Detention Basin
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Peak Elev=187.97'
Storage=3.624 af
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Pond 4P: Detention Basin

Primary

Stage-Discharge

Discharge  (cfs)
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Summary for Pond 6P: Low Flow Bypass

[57] Hint: Peaked at 188.46' (Flood elevation advised)

Inflow Area = 54.000 ac, 65.00% Impervious,  Inflow Depth > 6.94"    for  Q100 event
Inflow = 198.32 cfs @ 10.16 hrs,  Volume= 31.249 af
Outflow = 198.32 cfs @ 10.16 hrs,  Volume= 31.249 af,  Atten= 0%,  Lag= 0.0 min
Primary = 35.34 cfs @ 10.34 hrs,  Volume= 22.807 af
Secondary = 163.47 cfs @ 10.16 hrs,  Volume= 8.443 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 188.46' @ 10.34 hrs

Device Routing     Invert Outlet Devices
#1 Secondary 185.00' 8.0' long x 6.00' rise Sharp-Crested Rectangular Weir   

2 End Contraction(s)   3.0' Crest Height   
#2 Primary 182.00' 24.0" Vert. Orifice/Grate   C= 0.600   

Primary OutFlow  Max=35.29 cfs @ 10.34 hrs  HW=188.44'  TW=181.63'   (Dynamic Tailwater)
2=Orifice/Grate  (Orifice Controls 35.29 cfs @ 11.23 fps)

Secondary OutFlow  Max=157.80 cfs @ 10.16 hrs  HW=188.30'  TW=185.91'   (Dynamic Tailwater)
1=Sharp-Crested Rectangular Weir  (Weir Controls 157.80 cfs @ 6.52 fps)

Pond 6P: Low Flow Bypass
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Inflow Area=54.000 ac
Peak Elev=188.46'
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Pond 6P: Low Flow Bypass

Total
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Span (ft-in) Rise (ft-in)
Active Waterway 

Area (sf)
Unit Weight 

(tons)

     7’-4 1/4”       4’-0”          20.80         2.11

     7’-7 1/4”       4’-6”          24.52         2.25

     7’-9 1/2”       5’-0”          28.35         2.39

    7’-11 1/8”       5’-6”          32.27         2.52

        8’-0”       6’-0”          36.25         2.65

 * All active waterway areas assume a base slab foundation

CON/STORM™ is a modular precast system designed to provide 

economic concrete below-grade detention. The fundamental element 

of the system is the distinctive high-profile arch shaped unit. CON/

STORM concrete detention facilities provide tremendous versatility in 

accommodating footprint needs. CON/STORM detention systems are 

designed for HS 20-44 and HS 25-44 loading with as little as 1’-0” of 

cover to bottom of flexible pavement.  Each element of the CON/STORM 

precast detention system weighs 2.65 tons or less. The lightweight units 

have been designed to minimize freight costs and can be set into place 

without heavy equipment thereby reducing installation costs. The system 

is most commonly used on sites in which the depth from finished grade 

to storm sewer outlet elevation is less than 10’. However, the system can 

be utilized in high cover situations as well. The arch shape of the unit 

also makes it a preferred solution when using stone backfill as part of 

the overall storage volume.

         Typical Properties
•   8’-0” span x 6’-0” rise x 8’-0” length
•   Storage volume = 36.25 ft3/ft
•   Total weight = 2.65 tons/unit
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Base Slab Foundation

The base slab is the most common foundation for 

the CON/SPAN and CON/STORM detention systems. 

A base slab is the ideal solution when creating a 

water-tight system. It’s also the most practical 

solution when dealing with high water table issues 

or sub grade soils sensitive to water infiltration.

Strip Foundations

Construction of cast-in-place strip foundations 

beneath the unit legs and endwalls allows for a large 

open area in the center of each cell. This open area 

is typically filled with a crushed stone or granular 

material. The CON/SPAN or CON/STORM system 

can then be utilized for infiltration or recharge by 

percolating runoff through the granular material 

inside of the foundations.

Pedestal Wall Foundation

Creating additional vertical rise through the use 

of a cast-in-place stem wall allows the CON/SPAN 

system to be designed for the most storage in the 

smallest possible footprint.

Foundation Versatility

The CON/SPAN and CON/STORM precast elements are three-sided arch units. In order to create a complete 

system and ensure structural integrity, both systems are installed on top of cast-in-place concrete foundations. 

These foundations provide continuous support beneath the unit legs and prevent the possibility of any 

differential settlement between adjacent precast units. Precast elements are set in a keyway that is cast into the 

foundation. CON/SPAN and CON/STORM systems can be installed on either a full structural base slab or strip 

foundations. Strip foundations, when utilized, extend around the perimeter of each cell of the vault system. 

In order to create additional vertical rise the CON/SPAN system can also be installed on top of a pedestal wall 

foundation. Engineers at CONTECH can assist with providing horizontal and vertical foundation reactions or can 

perform the complete foundation design upon request.

 CON/SPAN CON/STORM

Modular Concrete Detention Systems
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 Staggered Ends Multiple Cells

Outlet control weir wall

Variable weirs to accommodate any flow rate 

and multiple design storms.

CON/SPAN                                    CON/STORM

Outlet Control Versatility

All CON/SPAN and CON/STORM detention structures come with precast end walls on all ends to create an 

enclosed vault. In addition, supplemental precast walls can be placed inside the structure to control flows. 

Placing a precast wall inside the structure  provides the versatility to cast a wide variety of outlet openings into 

the system. Typical openings include a low-flow circular orifice, rectangular openings, multiple stage weirs, and 

overflow weirs. The number of openings that can be provided is essentially unlimited allowing for the ability to 

accommodate a large number of design storms. Using longer weirs in CON/SPAN structures minimizes the head 

that must be created over the weir to bypass larger flow rates. Integrating these walls into the overall system 

eliminates the need for downstream outlet controls.

Layout Versatility

The modular nature of the CON/SPAN and CON/STORM system allows for tremendous versatility in layout. The 

systems can be installed in multiple cells and with staggered ends to accommodate nearly any footprint. Further 

versatility comes from the ability to create skewed or “pie-shaped” pieces. This provides the ability to construct a 

vault along a curved alignment to follow a roadway or other challenging location.
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