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I. Introduction 
The following drainage study has been completed in order to determine the historic and 
developed flows for the drainage basin that drains much of the Animas Air Park, which 
flows to the southwest down a drainage that will be utilized by the Main Access Road to 
the proposed Animas Glacier Gravel Pit.   
 
The drainage basin covers approximately 347 acres, therefore the TR-55 graphical peak 
method was used to determine the amount of run-off that the area would generate in a 2-
year, 10-year, and 100-year storm events.   
 
II. Drainage Basin Description 
The project is located approximately 2 miles south of the intersection of US 160/550 and 
River Road in Durango, CO.  Due to the large size of the basin (347 acres) and the 
minimal area of disturbance for the proposed access road (2.27 acres, which is less than 
1% of the drainage basin area).  The conclusion, that no consequential change in the TR-
55 Curve Numbers (CN) would be realized due to the construction of the access road.  
Therefore, the post-development run-off would roughly equal the historic runoff and no 
detention is proposed for the proved.   
 
The 347 acre drainage basin is a mix of native scrub brush lining the mesa  and drainage 
along with the top of the mesa, which has been developed into an air park.  Many of the 
lots have been commercially developed, which has meant that many have large areas of 
impervious area due to large buildings and parking lots.   In the commercial areas, the 
CNs have been adjusted upward to reflect the conditions.   
 
The soil types and condition of the drainage basin were used to approximate the 
appropriate Curve Numbers (CN) for the Graphical Peak Discharge Method, TR-55.  The 
following is a summary of each soil type.   
 
(26) Falfa Clay Loam, 1 to 3 percent slopes, is a deep well drained soil located on mesa 
tops.  The unit is used mainly for irrigated crops, and development. The soil belongs to 
Hydrologic Group C, which will be used to determine the Curve Number for the TR-55 
Graphical Peak Discharge Method.   
 
(27) Falfa Clay Loam, 3 to 8 percent slopes, is a deep well drained soil located on mesa 
tops.  The unit is used mainly for irrigated crops, and homesites. The soil belongs to 
Hydrologic Group C, which will be used to determine the Curve Number for the TR-55 
Graphical Peak Discharge Method.   
 
(60) Shalona Loam, is a deep well drained soil found on old high terraces.  It formed in 
mixed alluvium derived from sandstone and shale.  The unit is used mainly for irrigated 
field crops and pasture and as rangeland.  It is also used for homesite and urban 
development.   The soil belongs to Hydrologic Group B, which will be used to determine 
the Curve Number for the TR-55 Graphical Peak Discharge Method.   
 



(70) Ustic Torriorthents-Ustollic Haplargids complex, 12 to 60 percent slopes, is located 
on terrace edges, mesa edges, and hillsides.  The unit is deep and well to somewhat 
excessively well drained.  This unit is used manily for wildlife habitat, as rangeland, and 
as a source of construction material.  The soil belongs to Hydrologic Group B, which will 
be used to determine the Curve Number for the TR-55 Graphical Peak Discharge 
Method.   
 
III. Hydrologic Data  
The Contributing drainage basin was divided into 7 drainage basin that were used to 
calculate the 2, 10, and 100 year peak flows at various design points, which were chosen 
based on the proposed culvert locations.  See Appendix A.   The Graphical Peak 
Discharge Method TR-55 was used to determine the peak discharge of the inflow basins.  
Using the basin properties discussed in the previous section Curve Numbers were 
estimated. See Appendix B.  
 
Tc (Time of Concentration) was calculated using the mannings coefficient, slopes, 
lengths, and estimated swale geometry of each drainage basin.  See Appendix B.  
 
Based on the Graphical Peak Discharge Method, the following flows were calculated for 
the individual drainage basins:  
 
Basin #1 has a 2-year flow rate of 12.1cfs, 10-year flow rate of 32.5cfs, and a 100-year 
flow rate of 86.2cfs.   
 
Basin #2 has a 2-year flow rate of 0.7cfs, 10-year flow rate of 2.6cfs, and a 100-year flow 
rate of 7.8cfs.   
 
Basin #3 has a 2-year flow rate of 1.6cfs, 10-year flow rate of 6.0cfs, and a 100-year flow 
rate of 17.0cfs.   
 
Basin #4 has a 2-year flow rate of 0.9cfs, 10-year flow rate of 3.5cfs, and a 100-year flow 
rate of 10.5cfs.   
 
Basin #5 has a 2-year flow rate of 1.0cfs, 10-year flow rate of 5.4cfs, and a 100-year flow 
rate of 23.0cfs.   
 
Basin #6 has a 2-year flow rate of 0.3cfs, 10-year flow rate of 1.6cfs, and a 100-year flow 
rate of 7.9cfs.   
 
Basin #7 has a 2-year flow rate of 0.5cfs, 10-year flow rate of 2.6cfs, and a 100-year flow 
rate of 12.7cfs.   
 
See Appendix B.   
 
 
 



IV. Culvert Design 
Based on the flow rates calculated using the TR-55 Graphical Peak Discharge Method, 
the flow rates for 7 design points were estimated.  In order to conservatively estimate the 
flows at each design point the basins were not routed; rather peak flows were assumed to 
occur simultaneously, which will result in a conservative design.  Storm Culverts were 
designed to accommodate the 10-year storm.   
 
Design Point A occurs and the point were Basins #1, #2, and #3 meet to cross the Main 
Access Road.  The design flow for this point is 41.1cfs.   A 36” Corrugated Metal Pipe 
(CMP) was designed with a maximum capacity of 51.00cfs at this point.   
 
Design Point B occurs and the point were Basin #2 crosses the Main Access Road.  The 
design flow for this point is 2.6cfs.   A 15” Corrugated Metal Pipe (CMP) was designed 
with a maximum capacity of 5.4cfs at this point.   
 
Design Point C occurs and the point were Basin #3 crosses the Main Access Road.  The 
design flow for this point is 6.0cfs.   A 15” Corrugated Metal Pipe (CMP) was designed 
with a maximum capacity of 6.65cfs at this point. 
 
Design Point D occurs and the point were Basins #1, #2, #3, and #4 meet and cross the 
Main Access Road.  The design flow for this point is 46.6cfs.   A 36” Corrugated Metal 
Pipe (CMP) was designed with a maximum capacity of 72.25cfs at this point. 
 
Design Point E occurs and the point were Basins #1, #2, #3, #4, and #6 meet and cross 
the Main Access Road.  The design flow for this point is 48.2cfs.   A 36” Corrugated 
Metal Pipe (CMP) was designed with a maximum capacity of 71.50cfs at this point. 
 
Design Point F occurs and the point were Basins #7 crosses the Main Access Road along 
CR 213.  The design flow for this point is 2.6cfs.   An 18” Corrugated Metal Pipe (CMP) 
was designed with a maximum capacity of 5.75cfs at this point. 
 
Design Point G occurs and the point were Basins #1 - #7 crosses CR 213.  The design 
flow for this point is 54.2cfs.   An existing  24” Corrugated Metal Pipe (CMP) will 
remain in place to convey the flows across the highway. It’s flow capacity was not 
checked.   
 
V. Basin Creek - Zero Discharge Retention Pond 
In order to satisfy the requirements of the project’s Storm Water Discharge Associated 
with Sand and Gravel Mining and Processing Permit along with their Colorado Division 
of Reclamation, Mining and Safety Permit the proposed gravel pit will not allow storm 
water to discharge from the mining site into the Basin Creek Drainage.  To ensure that 
there won’t be any discharge from the area of mining activities the owner of the pit will 
only “open” a limited amount of land at a time, with this limit being capped at 10 acres of 
disturbance.  The “open” mining area will be routed to a retention pond, which will be 
sized to contain a 100-year storm event.   Reclaimed and native area flows on the 
property will be routed around the open mining areas, in order to avoid co-mingling of 



the two types of storm water, and allowed to travel to its natural receiving water (The 
Animas River via Basin Creek). 
 
During a 100 year storm event a 20 acre site (assumed 10 acres of active mine and 10 
acres of reclamation area) will generate up to 480,200 cubic feet of runoff, which is equal 
to roughly 11 acre-feet of water.  Therefore, it is recommended that the gravel pit 
constructs a detention pond and maintains no less than 12 acre-feet of available volume to 
ensure that a 100-year storm will produce zero runoff from the “open” portion of the 
gravel pit.  Based on the project’s anticipated water usage it will be able to dispose of 
storm water to suppress dust, wash gravel, mix concrete, irrigate newly seeded native 
area, etc.   
 
Should, during the operation of the Gravel Pit, the site have less than 20 acres of 
contributing area routed to the detention pond the size of the pond volume may be 
reduced as follows:  
 
Total Acreage of Open and in process           
Reclamation Area Routed to Retention Pond     Required Storage Volume 
5 Acres             3 Acre-ft 
10 Acres             6 Acre-ft 
15 Acres             9 Acre-ft 
20 Acres             12 Acre-ft   
 
In the event that a 100 year storm occurs during the life of the project, which is likely 
based on the project life of the pit, it is important to consider the potential for another 
large storm to occur prior to the gravel pit operator being able to empty the pond to 
provide adequate storage.  Three scenarios were studied to determine their probability of 
occurrence: 100 year storm followed by a 100 year storm,   100 year storm followed by a 
10 year storm, and a 100 year storm followed by a 2 year storm.    
 
Per Four Corner’s Materials, their normal daily dust mitigation water use will be 30,000 
gallons/day (0.092 acre-feet/day).  It is assumed that with a full pond the operator will 
utilize their water trucks to reduce the amount of water within the retention pond at this 
normal rate. 1   The retention pond will be assume to be full and the only way to empty 
the pond is via dust mitigation, infiltration and evaporation are not considered and  no 
other storage is available within the pit boundary.   
 
Based on these criteria Table – 1 was created to show the probability that a 2, 10, and 100 
year storm event would occur prior to the operator being able to remove water from the 
retention pond and provide adequate storage volume for each storm event.   
 
 

                                                 
1 30,000 gallons/day should be considered an extremely conservative number, as the operator will have the 
ability to increase the amount via additional water trucks.  Other water uses on the project that have not 
been considered for this analysis include an aggregate wash plant that will average 60,000 gallons/day and 
a redi-mix concrete plant with a capacity of 72,000 gallons/day.   



 
Table -1. Probability of Storm Event Occurance within Drainage Time 
Event  Volume of 

Water (acre-ft) 
Time to Drain 
(Days) 

Probability of 
Storm Event 
Occurance1  

2-Year Storm  1.99 22 3.01%
10-Year Storm  5.10 55 1.51%
100-Year 
Storm  11.06 120 0.36%

1 The probablity of a 2 year storm on any given day = 0.137%, 5 year storm on any given day = 
0.055%, and 100 year storm on any given day = 0.0027%.  Probability given is for each storm 
occurring with the window of time that it takes 
 
Based on this analysis smaller, more frequent, storm events will have the highest 
likelihood of occurring while the pond is full or nearly full.  To reduce the chance of a 
discharge from the site, the operator should take the following steps:  

1. Maintain 12 acre-ft of free board whenever possible.   This will allow the operator 
to detain slightly more water than a 100-year storm generates and keep the pond 
from filling completely with lesser storms.  This extra freeboard will reduce the 
chances of smaller storms (following larger storm) causing the retention pond to 
discharge.   

2. Increase their efforts to drainage the pond (increase storage) when it has less than 
the required storage volume available based on the contribution area.  Additional  
ways to drain the pond included wash plant water, redi-mix concrete water, 
additional dust mitigation, construct additional retention ponds.   

3. Follow the 10-day weather forecast.   
 
Three individual swales are proposed to convey the in Disturbed and Undisturbed Flows 
in the Gravel Pit area (Basin Creek Drainage Basin).  Swale “A” will convey the 
Undisturbed Area (Basin 8) and Swales “B” and “C” will convey the Disturbed Basin 
flows.  For simplicity all three swales will have the same geometric properties:  24” depth 
12’ width, 4:1 side slopes, and a 0.50% to 1.00% transverse slope.  Table 2 shows a 
summary of the swales design flows and velocities for a slope of 0.50% and 1.00%.  
 
Table -2. Summary of Swales 
Disturbed Area 2 year storm 10 year storm 100 year storm
Swale Slope 
(%) 32.28cfs2 80.38cfs2 167.13cfs2

0.50 3.48fps 4.65fps 5.78fps
1.00 4.38fps 5.90fps 7.39fps

Undisturbed 
Area 2 year storm 10 year storm 100 year storm
Swale Slope 
(%) NA NA 11.70cfs3

0.50 NA NA 2.58fps
1.00 NA NA 3.23fps

                                                 
2 See Appendix D for Hydraflow runoff calculations 
3 See Appendix B for Drainage Basin 8 runoff calculations.  



Based on this analysis, the maximum velocity of the proposed swales would be 7.39fps 
during a 100-year storm in swales “B” and “C”.  Velocities for the 2 and 10 year storm 
within the same swales would be a maximum of 4.38fps and 5.90fps respectively.  
 
Analysis was also completed on the retention ponds potential overflow weir (only 
necessary for and embankment retention pond), and the existing grouted rip rap run 
down.  
 
Overflow Weir Requirements:  3’ High, 20’ feet wide, and armored with D9-50 rip rap.  
See Engineering Plans for Details.   
 
Grouted Rip Rap Run Down Characteristics:  10’ Bottom Width, 3’ Depth, 2:1 side 
slopes, 36.8% transverse slope.    
 
Grouted Rip Rap Run Down Flow Capacity (167.13cfs):  
Depth of Flow = 8.65 inches 
Velocity = 22.39 fps 
 
No consideration was given to the structural design or adequacy of the rundown within 
this report.   
 
See Appendix D for all calculations concerning the retention pond, swales, run down, and 
weir.   
 
See Engineering Plans for Construction Design and Details.  
 
VI. Stormwater Management Plan (SWMP) 
“Precautions shall be taken to prevent any new erosion on-site and on all adjacent areas.  
Because the proposed disturbance area is greater than 0.50 acres Construction 
Stormwater Discharge permit is required by the State of Colorado.  Stormwater Best 
Management Practices (BMP’s) shall be included on the plan to mitigate the impacts of 
the proposed construction  

  
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 

 
 

Appendix A 
Figure 1. – Drainage Basin Map #1 
Figure 2. – Drainage Basin Map #2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 







 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix B 
Figure 1. – Curve Number Calculations 

Figure 2. – Tc (Time of Concentration) Calculations 
Figure 3. - Graphical Peak Method TR-55 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Soil Type Area (SF) Acres CN Soil Type Area (SF) Acres CN Soil Type Area (SF) Acres CN
27 3524170 80.90 73 5905.98 27 360626 8.28 77 637.47 27 37331 0.86 77 65.99
26 1501568 34.47 91 3136.88 27 47538 1.09 77 84.03 70 376015 8.63 66 569.72
26 1501568 34.47 73 2516.40 70 154917 3.56 66 234.72
27 1002231 23.01 91 2093.73 413346 9.49 635.71
27 1002231 23.01 73 1679.59 563081 12.93 956.22 Average CN 66.99
26 1207474 27.72 77 2134.42 Average CN 73.97
70 1052710 24.17 66 1595.02
27 353666 8.12 66 535.86
70 175708 4.03 66 266.22 Soil Type Area (SF) Acres CN
70 171344 3.93 66 259.61 27 51629 1.19 77 91.26
70 120475 2.77 66 182.54 Soil Type Area (SF) Acres CN 60 44254.64 1.02 66 67.05
27 21163 0.49 77 37.41 27 230434 5.29 77 407.33 70 578135 13.27 66 875.96
27 4461 0.10 77 7.89 70 135491 3.11 66 205.29
27 3236 0.07 77 5.72 674018.6 15.47 1034.28

365925 8.40 612.62 Average CN 66.84
11642004 267.26 20357.27 Average CN 72.93

Average CN 76.17

Soil Type Area (SF) Acres CN Soil Type Area (SF) Acres CN Soil Type Area (SF) Acres CN
27 101590 2.33 77 179.58 27 225245 5.17 77 398.16 26 51629 7.64 73 557.72
27 97976 2.25 77 173.19 60 180582 4.15 66 273.61 70 44254.64 26.41 66 1743.06
70 63756 1.46 66 96.60 70 6655 0.15 66 10.08
70 2908 0.07 66 4.41 70 791675 18.17 66 1199.51 95883.64 34.05 2300.78

Average CN 67.57
266230 6.11 453.77 1204157 27.64 1881.36

Average CN 74.25 Average CN 68.06

Major Basin #5

Major Basin #6

Major Basin #7

Major Basin #1

Major Basin #2

Major Basin #3

Major Basin #4

Major Basin #8



Basin Ti (min) T1 (min) T2 (min) T3 (min) Tc (min) Tc (hours) Fall (ft) Distance (ft) Slope (ft/ft) Mannings (n) P2 Fall (ft) Distance (ft) Slope (ft/ft) Velocity (ft/s) Fall (ft) Distance (ft) Slope (ft/ft) Mannings, n Hydraulic Radius, r Velocity, V Fall (ft) Distance (ft) Slope (ft/ft) Mannings, n Hydraulic Radius, r Velocity, V
Historic Basin 12.47 38.13 145.64 10.91 207.13 3.45 10.00 200.00 0.05 0.40 1.60 95.00 3660.00 0.026 1.60 35.00 3890.00 0.009 0.20 0.50 0.45 300.00 2720.00 0.110 0.08 0.50 4.16
Basin #1 12.47 23.46 145.64 5.57 187.14 3.12 10.00 200.00 0.05 0.40 1.60 95.00 3660.00 0.026 2.60 35.00 3890.00 0.009 0.20 0.50 0.45 95.00 1185.00 0.080 0.08 0.50 3.54
Basin #2 7.16 1.28 2.57 0.00 11.01 0.18 5.00 100.00 0.05 0.40 1.60 5.00 200.00 0.025 2.60 70.00 639.00 0.110 0.08 0.50 4.14 NA NA NA NA NA NA
Basin #3 7.16 0.99 1.72 0.00 9.86 0.16 5.00 100.00 0.05 0.40 1.60 15.00 237.00 0.063 4.00 120.00 584.00 0.205 0.08 0.50 5.67 NA NA NA NA NA NA
Basin #4 6.96 0.53 2.22 0.00 9.71 0.16 10.00 100.00 0.10 0.40 1.60 25.00 189.00 0.132 6.00 60.00 550.00 0.109 0.08 0.50 4.13 NA NA NA NA NA NA
Basin #5 6.71 0.86 6.54 0.00 14.11 0.24 25.00 100.00 0.25 0.40 1.60 140.00 465.00 0.301 9.00 150.00 1535.00 0.098 0.08 0.50 3.91 NA NA NA NA NA NA
Basin #6 6.85 0.29 3.64 0.00 10.79 0.18 15.00 100.00 0.15 0.40 1.60 80.00 175.00 0.457 10.00 120.00 965.00 0.124 0.08 0.50 4.41 NA NA NA NA NA NA
Basin #7 6.77 1.32 3.50 0.00 11.59 0.19 20.00 100.00 0.20 0.40 1.60 125.00 596.00 0.210 7.50 10.00 410.00 0.024 0.08 0.50 1.95 NA NA NA NA NA NA
Basin #8 9.79 1.11 9.42 0.00 20.32 0.34 10.00 150.00 0.07 0.40 1.60 50.00 500.00 0.100 7.50 20.00 1000.00 0.020 0.08 0.50 1.77 NA NA NA NA NA NA

Open Channel Flow (T3)Open Channel Flow (T2)Time of Concentration Overland Flow (Ti) Shallow Concentrated Flow (T1)



1 Drainage Area (Acres) 331.37 331.37 331.37 331.37 251.27 251.27 251.27 6.11 6.11 6.11 12.99 12.99 12.99 8.40 8.40 8.40 27.64 27.64 27.64 9.49 9.49 9.49 15.47 15.47 15.47 34.05 34.05 34.05
Drainage Area (sq. mi.) 0.52 0.52 0.52 0.52 0.39 0.39 0.39 0.01 0.01 0.01 0.02 0.02 0.02 0.01 0.01 0.01 0.04 0.04 0.04 0.01 0.01 0.01 0.02 0.02 0.02 0.05 0.05 0.05
Curve Number (Avg.) 74.66 74.66 74.66 74.66 76.17 76.17 76.17 74.25 74.25 74.25 73.97 73.97 73.97 72.93 72.93 72.93 68.06 68.06 68.06 66.99 66.99 66.99 66.84 66.84 66.84 67.57 67.57 67.57
Time of Concentration (hr.) 3.45 3.45 3.45 3.45 3.12 3.12 3.12 0.18 0.18 0.18 0.16 0.16 0.16 0.16 0.16 0.16 0.24 0.24 0.24 0.18 0.18 0.18 0.19 0.19 0.19 0.34 0.34 0.34
Rainfall Distribution Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II
Pond/Swamp Area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 Frequency (Years) 2 5 10 100 2 10 100 2 10 100 2 10 100 2 10 100 2 10 100 2 10 100 2 10 100 2 10 100

3 Rainfall, P (24-hour) 1.60 1.90 2.25 3.50 1.60 2.25 3.50 1.60 2.25 3.50 1.60 2.25 3.50 1.60 2.25 3.50 1.60 2.25 3.50 1.60 2.25 3.50 1.60 2.25 3.50 1.60 2.25 3.50

4 Maximum Retention, S 3.39 3.39 3.39 3.39 3.13 3.13 3.13 3.47 3.47 3.47 3.52 3.52 3.52 3.71 3.71 3.71 4.69 4.69 4.69 4.93 4.93 4.93 4.96 4.96 4.96 4.80 4.80 4.80
Initial abstraction, Ia (Inches) 0.68 0.68 0.68 0.68 0.63 0.63 0.63 0.69 0.69 0.69 0.70 0.70 0.70 0.74 0.74 0.74 0.94 0.94 0.94 0.99 0.99 0.99 0.99 0.99 0.99 0.96 0.96 0.96
from Table 4-I

5 Cumpute Ia/P 0.42 0.36 0.30 0.19 0.39 0.28 0.18 0.43 0.31 0.20 0.44 0.31 0.20 0.46 0.33 0.21 0.59 0.42 0.27 0.62 0.44 0.28 0.62 0.44 0.28 0.60 0.43 0.27

6 Unit Peak Discharge, Qu 105 117.5 127.5 140 125 140 150 550 725 800 570 775 875 525 700 825 350 500 675 400 525 725 375 500 750 50 85 250
(csm/in) from Exhibit 4-II

7 Runoff, Q (inches) 0.20 0.32 0.50 1.28 0.23 0.56 1.38 0.19 0.48 1.26 0.18 0.47 1.24 0.16 0.44 1.18 0.08 0.29 0.90 0.07 0.26 0.85 0.07 0.25 0.84 0.08 0.27 0.88

8 Pond and Swamp Adjustment, Fp 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

9 Peak Discharge, Qp 10.7 19.7 32.8 92.8 11.4 30.5 81.1 1.0 3.3 9.6 2.1 7.4 22.0 1.1 4.0 12.7 1.2 6.2 26.4 0.4 2.0 9.1 0.6 3.1 15.3 0.2 1.2 11.7

Basin #8
Graphical Peak Discharge Method TR-55

Basin #7Basin #3Historic Basin Basin #4 Basin #5 Basin #6Basin #1 Basin #2



 
 
 
 
 
 
 
 
 
 

 
 

Appendix C 
Figure 1. – Design Point Summary Table  

Figure 2. – Culvert #1 Calculations  
Figure 3. – Culvert #2 Calculations  
Figure 4. – Culvert #3 Calculations  
Figure 5. – Culvert #4 Calculations  
Figure 6. – Culvert #5 Calculations  
Figure 7. – Culvert #6 Calculations  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Design Point # SIZE TYPE Notes Inlet Elev Outlet Elev Length Slope Approximate Road Elev Contributing Basins Design Storm Design Flow Capacity Water Elev Freeboard HW/D
A 1 36 CMP Proposed 6530.75 6525.75 70.00 7.14% 6534.50 #1, #2, #3 10-year 41.2 41.20 6534.32 0.18 1.19
B 1 15 CMP Proposed 6580.30 6579.70 60.00 1.00% 6584.00 #2 10-year 3.3 6.00 6582.8 1.20 2.00
C 1 18 CMP Proposed 6546.00 6544.00 58.00 3.45% 6548.00 #3 10-year 7.4 7.40 6547.83 0.17 1.22
D 1 36 CMP Proposed 6489.00 6479.70 120.00 7.75% 6498.00 #1, #2, #3, #4 10-year 45.2 64.00 6495.04 2.96 2.01
E 1 36 CMP Proposed 6418.00 6406.00 170.00 7.06% 6440.00 #1, #2, #3, #4, #6 10-year 47.2 64.00 6424.05 15.95 2.02
F 1 18 CMP Proposed 6364.21 6362.06 94.00 2.29% 6368.50 #7 10-year 3.1 11.15 6367.21 1.29 2.00
G 1 24 CMP Existing Existing Existing Existing Existing Existing #1-#7 10-year 56.5 Existing Existing Existing Existing

 



Culvert #1.txt
Design Point A - 36" CMP                   
Culvert Calculator                     

All calculator output should be verified prior to design use

Entered Data:
     Shape ...........................  Circular
     Number of Barrels ...............  1
     Solving for .....................  Headwater
     Chart Number ....................  2
     Scale Number ....................  3
     Chart Description ...............  CORRUGATED METAL PIPE CULVERT
     Scale Description ...............  PIPE PROJECTING FROM FILL
     Overtopping .....................  Off
     Flowrate ........................  41.2000 cfs
     Manning's n .....................  0.0220
     Roadway Elevation ...............  6534.5000 ft
     Inlet Elevation .................  6530.7500 ft
     Outlet Elevation ................  6525.7500 ft
     Diameter ........................  36.0000 in
     Length ..........................  70.0000 ft
     Entrance Loss ...................  0.0000
     Tailwater .......................  2.5000 ft

Computed Results:
     Headwater .......................  6534.3169 ft Inlet Control
     Slope ...........................  0.0714 ft/ft
     Velocity ........................  13.9940 fps

Messages:
     Inlet head > Outlet head.
     Computing Inlet Control headwater.
     Solving Inlet Equation 26.
     Solving Inlet Equation 28.
     Headwater: 6534.3169 ft

  DIS-    HEAD-  INLET  OUTLET
  CHARGE  WATER CONTROL CONTROL FLOW  NORMAL  CRITICAL     OUTLET        TAILWATER
  Flow    ELEV.  DEPTH   DEPTH  TYPE   DEPTH   DEPTH     VEL.  DEPTH     VEL. DEPTH
  cfs     ft      ft      ft              in      in      fps     ft      fps     ft
    

   9.00 6532.00    1.25    0.05  NA      7.11   11.37    9.10    0.59    0.00    
2.50
  18.00 6532.70    1.95    0.05  NA     10.07   16.30   11.13    0.84    0.00    
2.50
  27.00 6533.34    2.59    0.05  NA     12.43   20.15   12.48    1.04    0.00    
2.50
  36.00 6533.96    3.21    0.05  NA     14.51   23.41   13.50    1.21    0.00    
2.50
  45.00 6530.80    0.00    0.05  NA     16.43   23.41    7.15    1.37    0.00    
2.50
  54.00 6530.80    0.00    0.05  NA     18.26   23.41    8.58    1.52    0.00    
2.50
  63.00 6531.48    0.00    0.73  NA     20.05   23.41    9.83    1.67    0.00    
2.50
  72.00 6532.30    0.00    1.55  NA     21.84   23.41   10.79    1.82    0.00    
2.50
  81.00 6533.26    0.00    2.51  NA     23.67   23.41   11.85    1.97    0.00    
2.50
  90.00 6534.36    0.00    3.61  NA     25.59   23.41   12.98    2.13    0.00    
2.50
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Culvert #2.txt
Design Point B - 15" CMP 
Culvert Calculator                     

All calculator output should be verified prior to design use

Entered Data:
     Shape ...........................  Circular
     Number of Barrels ...............  1
     Solving for .....................  Headwater
     Chart Number ....................  2
     Scale Number ....................  3
     Chart Description ...............  CORRUGATED METAL PIPE CULVERT
     Scale Description ...............  PIPE PROJECTING FROM FILL
     Overtopping .....................  Off
     Flowrate ........................  6.0000 cfs
     Manning's n .....................  0.0220
     Roadway Elevation ...............  6584.0000 ft
     Inlet Elevation .................  6580.3000 ft
     Outlet Elevation ................  6579.7000 ft
     Diameter ........................  15.0000 in
     Length ..........................  60.0000 ft
     Entrance Loss ...................  0.0000
     Tailwater .......................  1.2500 ft

Computed Results:
     Headwater .......................  6582.7968 ft Outlet Control
     Slope ...........................  0.0100 ft/ft
     Velocity ........................  4.8892 fps

Messages:
     Outlet head > Inlet head.
     Computing Outlet Control headwater.
     Outlet submerged.
     Full flow.
     Headwater depth computed using FHWA equation.
     Headwater: 6582.7968 ft

  DIS-    HEAD-  INLET  OUTLET
  CHARGE  WATER CONTROL CONTROL FLOW  NORMAL  CRITICAL     OUTLET        TAILWATER
  Flow    ELEV.  DEPTH   DEPTH  TYPE   DEPTH   DEPTH     VEL.  DEPTH     VEL. DEPTH
  cfs     ft      ft      ft              in      in      fps     ft      fps     ft
    

   9.00 6581.55    1.25    0.05  NA     15.00   15.00    7.33    1.25    0.00    
1.25
  18.00 6582.25    1.95    0.05  NA     15.00   15.00   14.67    1.25    0.00    
1.25
  27.00 6582.89    2.59    0.05  NA     15.00   15.00   22.00    1.25    0.00    
1.25
  36.00 6583.51    3.21    0.05  NA     15.00   15.00   29.34    1.25    0.00    
1.25
  45.00 6580.35    0.00    0.05  NA     15.00   15.00   36.67    1.25    0.00    
1.25
  54.00 6580.35    0.00    0.05  NA     15.00   15.00   44.00    1.25    0.00    
1.25
  63.00 6581.03    0.00    0.73  NA     15.00   15.00   51.34    1.25    0.00    
1.25
  72.00 6581.85    0.00    1.55  NA     15.00   15.00   58.67    1.25    0.00    
1.25
  81.00 6582.81    0.00    2.51  NA     15.00   15.00   66.00    1.25    0.00    
1.25
  90.00 6583.91    0.00    3.61  NA     15.00   15.00   73.34    1.25    0.00    
1.25
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Culvert #3.txt
Design Point C - 18" CMP 
Culvert Calculator                     

All calculator output should be verified prior to design use

Entered Data:
     Shape ...........................  Circular
     Number of Barrels ...............  1
     Solving for .....................  Headwater
     Chart Number ....................  2
     Scale Number ....................  3
     Chart Description ...............  CORRUGATED METAL PIPE CULVERT
     Scale Description ...............  PIPE PROJECTING FROM FILL
     Overtopping .....................  Off
     Flowrate ........................  7.4000 cfs
     Manning's n .....................  0.0220
     Roadway Elevation ...............  6548.0000 ft
     Inlet Elevation .................  6546.0000 ft
     Outlet Elevation ................  6544.0000 ft
     Diameter ........................  18.0000 in
     Length ..........................  58.0000 ft
     Entrance Loss ...................  0.0000
     Tailwater .......................  1.5000 ft

Computed Results:
     Headwater .......................  6547.8340 ft Inlet Control
     Slope ...........................  0.0345 ft/ft
     Velocity ........................  6.9295 fps

Messages:
     Inlet head > Outlet head.
     Computing Inlet Control headwater.
     Solving Inlet Equation 26.
     Solving Inlet Equation 28.
     Headwater: 6547.8340 ft

  DIS-    HEAD-  INLET  OUTLET
  CHARGE  WATER CONTROL CONTROL FLOW  NORMAL  CRITICAL     OUTLET        TAILWATER
  Flow    ELEV.  DEPTH   DEPTH  TYPE   DEPTH   DEPTH     VEL.  DEPTH     VEL. DEPTH
  cfs     ft      ft      ft              in      in      fps     ft      fps     ft
    

   9.00 6547.25    1.25    0.05  NA     11.96   13.93    7.22    1.00    0.00    
1.50
  18.00 6547.95    1.95    0.05  NA     18.00   18.00   10.19    1.50    0.00    
1.50
  27.00 6548.59    2.59    0.05  NA     18.00   18.00   15.28    1.50    0.00    
1.50
  36.00 6549.21    3.21    0.05  NA     18.00   18.00   20.37    1.50    0.00    
1.50
  45.00 6546.05    0.00    0.05  NA     18.00   18.00   25.46    1.50    0.00    
1.50
  54.00 6546.05    0.00    0.05  NA     18.00   18.00   30.56    1.50    0.00    
1.50
  63.00 6546.73    0.00    0.73  NA     18.00   18.00   35.65    1.50    0.00    
1.50
  72.00 6547.55    0.00    1.55  NA     18.00   18.00   40.74    1.50    0.00    
1.50
  81.00 6548.51    0.00    2.51  NA     18.00   18.00   45.84    1.50    0.00    
1.50
  90.00 6549.61    0.00    3.61  NA     18.00   18.00   50.93    1.50    0.00    
1.50
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Culvert #4.txt
Design Point D - 36" CMP                  
Culvert Calculator                     

All calculator output should be verified prior to design use

Entered Data:
     Shape ...........................  Circular
     Number of Barrels ...............  1
     Solving for .....................  Headwater
     Chart Number ....................  2
     Scale Number ....................  3
     Chart Description ...............  CORRUGATED METAL PIPE CULVERT
     Scale Description ...............  PIPE PROJECTING FROM FILL
     Overtopping .....................  Off
     Flowrate ........................  64.0000 cfs
     Manning's n .....................  0.0220
     Roadway Elevation ...............  6598.0000 ft
     Inlet Elevation .................  6489.0000 ft
     Outlet Elevation ................  6479.7000 ft
     Diameter ........................  36.0000 in
     Length ..........................  120.0000 ft
     Entrance Loss ...................  0.0000
     Tailwater .......................  2.5000 ft

Computed Results:
     Headwater .......................  6495.0371 ft Inlet Control
     Slope ...........................  0.0775 ft/ft
     Velocity ........................  16.1250 fps

Messages:
     Inlet head > Outlet head.
     Computing Inlet Control headwater.
     Solving Inlet Equation 26.
     Solving Inlet Equation 28.
     Headwater: 6495.0371 ft

  DIS-    HEAD-  INLET  OUTLET
  CHARGE  WATER CONTROL CONTROL FLOW  NORMAL  CRITICAL     OUTLET        TAILWATER
  Flow    ELEV.  DEPTH   DEPTH  TYPE   DEPTH   DEPTH     VEL.  DEPTH     VEL. DEPTH
  cfs     ft      ft      ft              in      in      fps     ft      fps     ft
    

   9.00 6490.25    1.25    0.05  NA      6.97   11.37    9.37    0.58    0.00    
2.50
  18.00 6490.95    1.95    0.05  NA      9.86   16.30   11.46    0.82    0.00    
2.50
  27.00 6491.59    2.59    0.05  NA     12.16   20.15   12.85    1.01    0.00    
2.50
  36.00 6492.21    3.21    0.05  NA     14.19   23.41   13.91    1.18    0.00    
2.50
  45.00 6489.05    0.00    0.05  NA     16.05   23.41    7.15    1.34    0.00    
2.50
  54.00 6489.05    0.00    0.05  NA     17.83   23.41    8.58    1.49    0.00    
2.50
  63.00 6489.73    0.00    0.73  NA     19.55   23.41    9.83    1.63    0.00    
2.50
  72.00 6490.55    0.00    1.55  NA     21.26   23.41   10.79    1.77    0.00    
2.50
  81.00 6491.51    0.00    2.51  NA     23.00   23.41   11.85    1.92    0.00    
2.50
  90.00 6492.61    0.00    3.61  NA     24.80   23.41   12.98    2.07    0.00    
2.50
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Culvert #5.txt
Design Point E - 36" CMP                     
Culvert Calculator                     

All calculator output should be verified prior to design use

Entered Data:
     Shape ...........................  Circular
     Number of Barrels ...............  1
     Solving for .....................  Headwater
     Chart Number ....................  2
     Scale Number ....................  3
     Chart Description ...............  CORRUGATED METAL PIPE CULVERT
     Scale Description ...............  PIPE PROJECTING FROM FILL
     Overtopping .....................  Off
     Flowrate ........................  64.0000 cfs
     Manning's n .....................  0.0220
     Roadway Elevation ...............  6440.0000 ft
     Inlet Elevation .................  6418.0000 ft
     Outlet Elevation ................  6406.0000 ft
     Diameter ........................  36.0000 in
     Length ..........................  170.0000 ft
     Entrance Loss ...................  0.0000
     Tailwater .......................  2.5000 ft

Computed Results:
     Headwater .......................  6424.0475 ft Inlet Control
     Slope ...........................  0.0706 ft/ft
     Velocity ........................  15.5597 fps

Messages:
     Inlet head > Outlet head.
     Computing Inlet Control headwater.
     Solving Inlet Equation 26.
     Solving Inlet Equation 28.
     Headwater: 6424.0475 ft

  DIS-    HEAD-  INLET  OUTLET
  CHARGE  WATER CONTROL CONTROL FLOW  NORMAL  CRITICAL     OUTLET        TAILWATER
  Flow    ELEV.  DEPTH   DEPTH  TYPE   DEPTH   DEPTH     VEL.  DEPTH     VEL. DEPTH
  cfs     ft      ft      ft              in      in      fps     ft      fps     ft
    

   9.00 6419.25    1.25    0.05  NA      7.13   11.37    9.07    0.59    0.00    
2.50
  18.00 6419.95    1.95    0.05  NA     10.10   16.30   11.09    0.84    0.00    
2.50
  27.00 6420.59    2.59    0.05  NA     12.47   20.15   12.43    1.04    0.00    
2.50
  36.00 6421.21    3.21    0.05  NA     14.55   23.41   13.44    1.21    0.00    
2.50
  45.00 6421.92    3.92    0.05  NA     16.48   26.23   14.26    1.37    0.00    
2.50
  54.00 6422.74    4.74    0.05  NA     18.32   28.64   14.94    1.53    0.00    
2.50
  63.00 6423.91    5.91    0.05  NA     20.12   30.64   15.50    1.68    0.00    
2.50
  72.00 6425.25    7.25    0.05  NA     21.92   32.20   15.98    1.83    0.00    
2.50
  81.00 6426.78    8.78    0.05  NA     23.76   33.35   16.37    1.98    0.00    
2.50
  90.00 6428.48   10.48    1.10  NA     25.70   34.16   16.67    2.14    0.00    
2.50
  99.00 6430.36   12.36    3.34  NA     27.86   34.70   16.86    2.32    0.00    
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Culvert #5.txt
2.50
 108.00 6432.42   14.42    5.93  NA     36.00   36.00   15.28    3.00    0.00    
2.50
 117.00 6434.66   16.66    8.47  NA     36.00   36.00   16.55    3.00    0.00    
2.50
 126.00 6437.09   19.09   11.26  NA     36.00   36.00   17.83    3.00    0.00    
2.50
 135.00 6439.69   21.69   14.26  NA     36.00   36.00   19.10    3.00    0.00    
2.50
 144.00 6435.47    0.00   17.47  M2     36.00   36.00   20.37    3.00    0.00    
2.50
 153.00 6438.88    0.00   20.88  M2     36.00   36.00   21.65    3.00    0.00    
2.50
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Culvert #6.txt
Design Point F - 18" CMP 
Culvert Calculator                     

All calculator output should be verified prior to design use

Entered Data:
     Shape ...........................  Circular
     Number of Barrels ...............  1
     Solving for .....................  Headwater
     Chart Number ....................  2
     Scale Number ....................  3
     Chart Description ...............  CORRUGATED METAL PIPE CULVERT
     Scale Description ...............  PIPE PROJECTING FROM FILL
     Overtopping .....................  Off
     Flowrate ........................  11.1500 cfs
     Manning's n .....................  0.0220
     Roadway Elevation ...............  6368.5000 ft
     Inlet Elevation .................  6364.2100 ft
     Outlet Elevation ................  6362.0600 ft
     Diameter ........................  18.0000 in
     Length ..........................  94.0000 ft
     Entrance Loss ...................  0.0000
     Tailwater .......................  1.5000 ft

Computed Results:
     Headwater .......................  6367.2044 ft Inlet Control
     Slope ...........................  0.0229 ft/ft
     Velocity ........................  6.3096 fps

Messages:
     Inlet head > Outlet head.
     Computing Inlet Control headwater.
     Solving Inlet Equation 26.
     Solving Inlet Equation 28.
     Headwater: 6367.2044 ft

  DIS-    HEAD-  INLET  OUTLET
  CHARGE  WATER CONTROL CONTROL FLOW  NORMAL  CRITICAL     OUTLET        TAILWATER
  Flow    ELEV.  DEPTH   DEPTH  TYPE   DEPTH   DEPTH     VEL.  DEPTH     VEL. DEPTH
  cfs     ft      ft      ft              in      in      fps     ft      fps     ft
    

   9.00 6365.46    1.25    0.05  NA     14.11   13.93    6.06    1.18    0.00    
1.50
  18.00 6366.16    1.95    0.05  NA     18.00   18.00   10.19    1.50    0.00    
1.50
  27.00 6366.80    2.59    0.05  NA     18.00   18.00   15.28    1.50    0.00    
1.50
  36.00 6367.42    3.21    0.05  NA     18.00   18.00   20.37    1.50    0.00    
1.50
  45.00 6368.13    3.92    0.05  NA     18.00   18.00   25.46    1.50    0.00    
1.50
  54.00 6368.95    4.74    0.05  NA     18.00   18.00   30.56    1.50    0.00    
1.50
  63.00 6370.12    5.91    0.05  NA     18.00   18.00   35.65    1.50    0.00    
1.50
  72.00 6371.46    7.25    0.05  NA     18.00   18.00   40.74    1.50    0.00    
1.50
  81.00 6372.99    8.78    0.05  NA     18.00   18.00   45.84    1.50    0.00    
1.50
  90.00 6374.69   10.48    1.10  NA     18.00   18.00   50.93    1.50    0.00    
1.50
  99.00 6376.57   12.36    3.34  NA     18.00   18.00   56.02    1.50    0.00    
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1.50
 108.00 6378.63   14.42    5.93  NA     18.00   18.00   61.12    1.50    0.00    
1.50
 117.00 6380.87   16.66    8.47  NA     18.00   18.00   66.21    1.50    0.00    
1.50
 126.00 6383.30   19.09   11.26  NA     18.00   18.00   71.30    1.50    0.00    
1.50
 135.00 6385.90   21.69   14.26  NA     18.00   18.00   76.39    1.50    0.00    
1.50
 144.00 6381.68    0.00   17.47  NA     18.00   18.00   81.49    1.50    0.00    
1.50
 153.00 6385.09    0.00   20.88  NA     18.00   18.00   86.58    1.50    0.00    
1.50
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Appendix D 
Figure 1. – Hydraflow Analysis for Retention Pond 

Figure 2. – Disturbed 2 Year Storm – 0.50% Swale Calculation 
Figure 3. – Disturbed 2 Year Storm – 1.00% Swale Calculation 
Figure 4. – Disturbed 10 Year Storm – 0.50% Swale Calculation 
Figure 5. – Disturbed 10 Year Storm – 1.00% Swale Calculation 
Figure 6. – Disturbed 100 Year Storm – 0.50% Swale Calculation 
Figure 7. – Disturbed 100 Year Storm – 1.00% Swale Calculation 

Figure 8. – Undisturbed 100 Year Storm – 0.50% Swale Calculation 
Figure 9. – Undisturbed 100 Year Storm – 1.00% Swale Calculation 

Figure 10. – Overflow Weir Calculation 
Figure 11. – Grouted Rip Rap Rundown Calculation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Hydraflow Table of Contents Gravel Pit Pond Final.gpw

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk, Inc. v8 Tuesday, Apr 3, 2012

Watershed Model Schematic..................................................................................... 1

2 - Year
Hydrograph Reports................................................................................................................... 2

Hydrograph No. 1, SCS Runoff, Developed Gravel Pit............................................................ 2

10 - Year
Hydrograph Reports................................................................................................................... 3

Hydrograph No. 1, SCS Runoff, Developed Gravel Pit............................................................ 3

100 - Year
Hydrograph Reports................................................................................................................... 4

Hydrograph No. 1, SCS Runoff, Developed Gravel Pit............................................................ 4



1 - Developed Gravel Pit

2 - Detention Pond
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Watershed Model Schematic
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk, Inc. v8

Project: Gravel Pit Pond Final.gpw Tuesday, Apr 3, 2012

Hyd. Origin Description

Legend

1 SCS Runoff Developed Gravel Pit
2 Reservoir Detention Pond



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk, Inc. v8 Tuesday, Apr 3, 2012

Hyd. No. 1
Developed Gravel Pit

Hydrograph type =  SCS Runoff Peak discharge =  32.28 cfs
Storm frequency =  2 yrs Time to peak =  12.03 hrs
Time interval =  1 min Hyd. volume =  86,823 cuft
Drainage area =  20.000 ac Curve number =  89
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  15.00 min
Total precip. =  2.20 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
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Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk, Inc. v8 Tuesday, Apr 3, 2012

Hyd. No. 1
Developed Gravel Pit

Hydrograph type =  SCS Runoff Peak discharge =  80.38 cfs
Storm frequency =  10 yrs Time to peak =  12.03 hrs
Time interval =  1 min Hyd. volume =  222,043 cuft
Drainage area =  20.000 ac Curve number =  89
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  15.00 min
Total precip. =  4.25 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484
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Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2011 by Autodesk, Inc. v8 Tuesday, Apr 3, 2012

Hyd. No. 1
Developed Gravel Pit

Hydrograph type =  SCS Runoff Peak discharge =  167.13 cfs
Storm frequency =  100 yrs Time to peak =  12.03 hrs
Time interval =  1 min Hyd. volume =  481,900 cuft
Drainage area =  20.000 ac Curve number =  89
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  15.00 min
Total precip. =  7.95 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484

4

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Q (cfs)

0.00 0.00

20.00 20.00

40.00 40.00

60.00 60.00

80.00 80.00

100.00 100.00

120.00 120.00

140.00 140.00

160.00 160.00

180.00 180.00

Q (cfs)

Time (hrs)

Developed Gravel Pit
Hyd. No. 1 -- 100 Year

Hyd No. 1



Disturbed 2 year - 0.50%.txt

                     Channel Calculator                     

Given Input Data:
     Shape ...........................  Trapezoidal
     Solving for .....................  Depth of Flow
     Flowrate ........................  32.2800 cfs
     Slope ...........................  0.0050 ft/ft
     Manning's n .....................  0.0200
     Height ..........................  36.0000 in
     Bottom width ....................  144.0000 in
     Left slope ......................  0.2500 ft/ft (V/H)
     Right slope .....................  0.2500 ft/ft (V/H)

Computed Results:
     Depth ...........................  7.6587 in
     Velocity ........................  3.4755 fps
     Full Flowrate ...................  592.3967 cfs
     Flow area .......................  9.2880 ft2
     Flow perimeter ..................  207.1550 in
     Hydraulic radius ................  6.4564 in
     Top width .......................  205.2694 in
     Area ............................  72.0000 ft2
     Perimeter .......................  440.8636 in
     Percent full ....................  21.2741 %

                    Critical Information                    
     Critical depth ..................  6.8283 in
     Critical slope ..................  0.0075 ft/ft
     Critical velocity ...............  3.9737 fps
     Critical area ...................  8.1234 ft2
     Critical perimeter ..............  200.3074 in
     Critical hydraulic radius .......  5.8399 in
     Critical top width ..............  198.6262 in
     Specific energy .................  0.8259 ft
     Minimum energy ..................  0.8535 ft
     Froude number ...................  0.8315
     Flow condition ..................  Subcritical
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Disturbed 2 year - 1.00%.txt

                     Channel Calculator                     

Given Input Data:
     Shape ...........................  Trapezoidal
     Solving for .....................  Depth of Flow
     Flowrate ........................  32.2800 cfs
     Slope ...........................  0.0100 ft/ft
     Manning's n .....................  0.0200
     Height ..........................  36.0000 in
     Bottom width ....................  144.0000 in
     Left slope ......................  0.2500 ft/ft (V/H)
     Right slope .....................  0.2500 ft/ft (V/H)

Computed Results:
     Depth ...........................  6.2802 in
     Velocity ........................  4.3765 fps
     Full Flowrate ...................  837.7755 cfs
     Flow area .......................  7.3758 ft2
     Flow perimeter ..................  195.7879 in
     Hydraulic radius ................  5.4248 in
     Top width .......................  194.2417 in
     Area ............................  72.0000 ft2
     Perimeter .......................  440.8636 in
     Percent full ....................  17.4450 %

                    Critical Information                    
     Critical depth ..................  6.8283 in
     Critical slope ..................  0.0075 ft/ft
     Critical velocity ...............  3.9737 fps
     Critical area ...................  8.1234 ft2
     Critical perimeter ..............  200.3074 in
     Critical hydraulic radius .......  5.8399 in
     Critical top width ..............  198.6262 in
     Specific energy .................  0.8210 ft
     Minimum energy ..................  0.8535 ft
     Froude number ...................  1.1430
     Flow condition ..................  Supercritical
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Disturbed 10 year - 0.50%.txt

                     Channel Calculator                     

Given Input Data:
     Shape ...........................  Trapezoidal
     Solving for .....................  Depth of Flow
     Flowrate ........................  80.3800 cfs
     Slope ...........................  0.0050 ft/ft
     Manning's n .....................  0.0200
     Height ..........................  36.0000 in
     Bottom width ....................  144.0000 in
     Left slope ......................  0.2500 ft/ft (V/H)
     Right slope .....................  0.2500 ft/ft (V/H)

Computed Results:
     Depth ...........................  12.7642 in
     Velocity ........................  4.6490 fps
     Full Flowrate ...................  592.3967 cfs
     Flow area .......................  17.2898 ft2
     Flow perimeter ..................  249.2559 in
     Hydraulic radius ................  9.9887 in
     Top width .......................  246.1132 in
     Area ............................  72.0000 ft2
     Perimeter .......................  440.8636 in
     Percent full ....................  35.4560 %

                    Critical Information                    
     Critical depth ..................  11.9298 in
     Critical slope ..................  0.0064 ft/ft
     Critical velocity ...............  5.0607 fps
     Critical area ...................  15.8831 ft2
     Critical perimeter ..............  242.3753 in
     Critical hydraulic radius .......  9.4364 in
     Critical top width ..............  239.4380 in
     Specific energy .................  1.3996 ft
     Minimum energy ..................  1.4912 ft
     Froude number ...................  0.8927
     Flow condition ..................  Subcritical
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Disturbed 10 year - 1.00%.txt

                     Channel Calculator                     

Given Input Data:
     Shape ...........................  Trapezoidal
     Solving for .....................  Depth of Flow
     Flowrate ........................  80.3800 cfs
     Slope ...........................  0.0100 ft/ft
     Manning's n .....................  0.0200
     Height ..........................  36.0000 in
     Bottom width ....................  144.0000 in
     Left slope ......................  0.2500 ft/ft (V/H)
     Right slope .....................  0.2500 ft/ft (V/H)

Computed Results:
     Depth ...........................  10.5364 in
     Velocity ........................  5.9016 fps
     Full Flowrate ...................  837.7755 cfs
     Flow area .......................  13.6201 ft2
     Flow perimeter ..................  230.8852 in
     Hydraulic radius ................  8.4947 in
     Top width .......................  228.2910 in
     Area ............................  72.0000 ft2
     Perimeter .......................  440.8636 in
     Percent full ....................  29.2677 %

                    Critical Information                    
     Critical depth ..................  11.9298 in
     Critical slope ..................  0.0064 ft/ft
     Critical velocity ...............  5.0607 fps
     Critical area ...................  15.8831 ft2
     Critical perimeter ..............  242.3753 in
     Critical hydraulic radius .......  9.4364 in
     Critical top width ..............  239.4380 in
     Specific energy .................  1.4193 ft
     Minimum energy ..................  1.4912 ft
     Froude number ...................  1.2296
     Flow condition ..................  Supercritical
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Disturbed 100 year - 0.50%.txt

                     Channel Calculator                     

Given Input Data:
     Shape ...........................  Trapezoidal
     Solving for .....................  Depth of Flow
     Flowrate ........................  167.1300 cfs
     Slope ...........................  0.0050 ft/ft
     Manning's n .....................  0.0200
     Height ..........................  36.0000 in
     Bottom width ....................  144.0000 in
     Left slope ......................  0.2500 ft/ft (V/H)
     Right slope .....................  0.2500 ft/ft (V/H)

Computed Results:
     Depth ...........................  18.9348 in
     Velocity ........................  5.7843 fps
     Full Flowrate ...................  592.3967 cfs
     Flow area .......................  28.8939 ft2
     Flow perimeter ..................  300.1403 in
     Hydraulic radius ................  13.8626 in
     Top width .......................  295.4784 in
     Area ............................  72.0000 ft2
     Perimeter .......................  440.8636 in
     Percent full ....................  52.5967 %

                    Critical Information                    
     Critical depth ..................  18.2949 in
     Critical slope ..................  0.0057 ft/ft
     Critical velocity ...............  6.0572 fps
     Critical area ...................  27.5922 ft2
     Critical perimeter ..............  294.8635 in
     Critical hydraulic radius .......  13.4750 in
     Critical top width ..............  290.3590 in
     Specific energy .................  2.0979 ft
     Minimum energy ..................  2.2869 ft
     Froude number ...................  0.9414
     Flow condition ..................  Subcritical
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Disturbed 100 year - 1.00%.txt

                     Channel Calculator                     

Given Input Data:
     Shape ...........................  Trapezoidal
     Solving for .....................  Depth of Flow
     Flowrate ........................  167.1300 cfs
     Slope ...........................  0.0100 ft/ft
     Manning's n .....................  0.0200
     Height ..........................  36.0000 in
     Bottom width ....................  144.0000 in
     Left slope ......................  0.2500 ft/ft (V/H)
     Right slope .....................  0.2500 ft/ft (V/H)

Computed Results:
     Depth ...........................  15.7403 in
     Velocity ........................  7.3878 fps
     Full Flowrate ...................  837.7755 cfs
     Flow area .......................  22.6224 ft2
     Flow perimeter ..................  273.7977 in
     Hydraulic radius ................  11.8979 in
     Top width .......................  269.9222 in
     Area ............................  72.0000 ft2
     Perimeter .......................  440.8636 in
     Percent full ....................  43.7230 %

                    Critical Information                    
     Critical depth ..................  18.2949 in
     Critical slope ..................  0.0057 ft/ft
     Critical velocity ...............  6.0572 fps
     Critical area ...................  27.5922 ft2
     Critical perimeter ..............  294.8635 in
     Critical hydraulic radius .......  13.4750 in
     Critical top width ..............  290.3590 in
     Specific energy .................  2.1599 ft
     Minimum energy ..................  2.2869 ft
     Froude number ...................  1.2987
     Flow condition ..................  Supercritical
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Undisturbed 100 year - 0.50%.txt

                     Channel Calculator                     

Given Input Data:
     Shape ...........................  Trapezoidal
     Solving for .....................  Depth of Flow
     Flowrate ........................  11.7000 cfs
     Slope ...........................  0.0050 ft/ft
     Manning's n .....................  0.0200
     Height ..........................  24.0000 in
     Bottom width ....................  120.0000 in
     Left slope ......................  0.2500 ft/ft (V/H)
     Right slope .....................  0.2500 ft/ft (V/H)

Computed Results:
     Depth ...........................  4.7117 in
     Velocity ........................  2.5753 fps
     Full Flowrate ...................  232.0404 cfs
     Flow area .......................  4.5431 ft2
     Flow perimeter ..................  158.8539 in
     Hydraulic radius ................  4.1183 in
     Top width .......................  157.6938 in
     Area ............................  36.0000 ft2
     Perimeter .......................  317.9091 in
     Percent full ....................  19.6322 %

                    Critical Information                    
     Critical depth ..................  3.9995 in
     Critical slope ..................  0.0088 ft/ft
     Critical velocity ...............  3.0975 fps
     Critical area ...................  3.7772 ft2
     Critical perimeter ..............  152.9805 in
     Critical hydraulic radius .......  3.5555 in
     Critical top width ..............  151.9958 in
     Specific energy .................  0.4957 ft
     Minimum energy ..................  0.4999 ft
     Froude number ...................  0.7722
     Flow condition ..................  Subcritical
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Undisturbed 100 year - 1.00%.txt

                     Channel Calculator                     

Given Input Data:
     Shape ...........................  Trapezoidal
     Solving for .....................  Depth of Flow
     Flowrate ........................  11.7000 cfs
     Slope ...........................  0.0100 ft/ft
     Manning's n .....................  0.0200
     Height ..........................  24.0000 in
     Bottom width ....................  120.0000 in
     Left slope ......................  0.2500 ft/ft (V/H)
     Right slope .....................  0.2500 ft/ft (V/H)

Computed Results:
     Depth ...........................  3.8533 in
     Velocity ........................  3.2289 fps
     Full Flowrate ...................  328.1546 cfs
     Flow area .......................  3.6235 ft2
     Flow perimeter ..................  151.7747 in
     Hydraulic radius ................  3.4379 in
     Top width .......................  150.8260 in
     Area ............................  36.0000 ft2
     Perimeter .......................  317.9091 in
     Percent full ....................  16.0552 %

                    Critical Information                    
     Critical depth ..................  3.9995 in
     Critical slope ..................  0.0088 ft/ft
     Critical velocity ...............  3.0975 fps
     Critical area ...................  3.7772 ft2
     Critical perimeter ..............  152.9805 in
     Critical hydraulic radius .......  3.5555 in
     Critical top width ..............  151.9958 in
     Specific energy .................  0.4831 ft
     Minimum energy ..................  0.4999 ft
     Froude number ...................  1.0602
     Flow condition ..................  Supercritical
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Overflow Weir.txt

                       Weir Calculator                      

Given Input Data:
     Weir Type .......................  Rectangular
     Equation ........................  Suppressed
     Solving for .....................  Depth of Flow
     Flowrate ........................  167.1300 cfs
     Coefficient .....................  0.6500 
     Height ..........................  36.0000 in

Computed Results:
     Depth of Flow ...................  21.5346 in
     Full Flow .......................  361.2447 cfs
     Velocity ........................  4.6566 fps
     Width ...........................  240.0000 in
     Area ............................  60.0000 ft2
     Perimeter .......................  312.0000 in
     Wet Perimeter ...................  283.0693 in
     Wet Area ........................  35.8911 ft2
     Percent Full ....................  59.8185 %
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Grouted Rip Rap Rundown.txt

                     Channel Calculator                     

Given Input Data:
     Shape ...........................  Trapezoidal
     Solving for .....................  Depth of Flow
     Flowrate ........................  167.1300 cfs
     Slope ...........................  0.3680 ft/ft
     Manning's n .....................  0.0300
     Height ..........................  36.0000 in
     Bottom width ....................  120.0000 in
     Left slope ......................  2.0000 ft/ft (V/H)
     Right slope .....................  2.0000 ft/ft (V/H)

Computed Results:
     Depth ...........................  8.6477 in
     Velocity ........................  22.3852 fps
     Full Flowrate ...................  1680.9964 cfs
     Flow area .......................  7.4661 ft2
     Flow perimeter ..................  139.3369 in
     Hydraulic radius ................  7.7160 in
     Top width .......................  128.6477 in
     Area ............................  34.5000 ft2
     Perimeter .......................  200.4984 in
     Percent full ....................  24.0215 %

                    Critical Information                    
     Critical depth ..................  23.8319 in
     Critical slope ..................  0.0138 ft/ft
     Critical velocity ...............  7.6553 fps
     Critical area ...................  21.8320 ft2
     Critical perimeter ..............  173.2896 in
     Critical hydraulic radius .......  18.1419 in
     Critical top width ..............  143.8319 in
     Specific energy .................  8.5079 ft
     Minimum energy ..................  2.9790 ft
     Froude number ...................  4.7290
     Flow condition ..................  Supercritical
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Appendix E 
Figure 1. – USDA Soil Conservation, Soil Map  

Figure 2. – USDA Soil Conservation, Soil Characteristic Tables 
Figure 3. – USDA Soil Conservation, Soil Description (Falfa Clay Loam, 1 to 3 percent) 
Figure 4. – USDA Soil Conservation, Soil Description (Falfa Clay Loam, 3 to 8 percent) 

Figure 5. – USDA Soil Conservation, Soil Description (Shalona Loam) 
Figure 6 – USDA Soil Conservation, Soil Description (Ustic Torriorthents-Ustollic 

Haplargids Complex 
 
 


























