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DIVERSION / CULVERT DESIGN FLOWS 

Storm 
Event 

CW 
D1/C1 

cfs 

CW 
D2 
cfs 

CW 
D3 
cfs 

CW 
D4 
cfs 

CW 
D5/C3 

cfs 

CW 
D6 
cfs 

CW 
D7/C4-
5 cfs 

Past 
D1      
cfs 

Past 
D3/C1 

cfs 

Past 
D4/C2 

cfs 

Past 
D6/C4 

cfs 

Past 
D9/C5 
outlet 

cfs 
10yr  6 

hr 0.20 0.62 0.07 0.30 0.90 0.11 1.06 0.75 1.24 1.41 0.88 0.00 
10yr 24 

hr 0.93 2.54 0.34 1.05 3.44 0.71 3.92 1.60 2.60 4.71 1.61 0.00 
25yr  6 

hr 0.93 2.53 0.34 1.10 3.24 0.76 3.82 1.80 2.65 4.86 1.67 0.00 
100yr 6 

hr 2.64 7.90 0.98 2.99 10.31 1.92 11.52 3.00 5.40 13.14 3.11 3.98 
Design 
flows 2.40 7.80 2.50 4.80 10.10 5.00 11.5 2.20 2.80 4.86 3.60 3.98 

 
 
DIVERSION DESIGN 
 
Temporary diversions and culverts for these miscellaneous flows are required to be 
designed to pass the 10 year, 6 hour storm (R645-301-742.333).  They were previously 
designed for the 100 year 6 hour storm.  Combining of the watersheds as proposed in 
2006 does not always allow for that same conservative design.  However, the designs are 
still more conservative than the 10 year 6 hour storm.  See the table above for design flow 
rates. 
 
Permanent diversion designs are described in the permit term reclamation plan and final 
reclamation plan.  Design summaries are given in the tables below. The diversions were 
designed to fit within a range of expected field values. The minimum design channel 
depth is conservatively calculated by using a minimum channel slope and a maximum 
expected Mannings N. Additional freeboard is not required in the regulations, but the 
operator may construct the diversions larger than required to reduce the risk of overflow 
from storms greater than the required design precipitation event.   
 
The Maximum velocity expected in the channel is calculated by using minimum 
Manning’s N values and maximum channel slopes. Manning’s N for a channel bed with 
riprap is estimated by the equation N=0.0395*(D50)

1/6 with D50 in feet (Applied 
Hydrology and Sedimentology for Disturbed Areas page 188).  If the normal depth of 
flow is less than twice D50 then N is estimated by the equation N=0.456*(D50 
*Slope)0.159 with D50 in inches and slope in feet/feet (Development of Riprap Design 
Criteria by Riprap Testing in Flumes: Phase 1 May 1987, Colorado State University, 
prepared for Uranium Recovery Field Office and Division of Waste Management). 
   
While the slopes and N values are expected to be near the middle of the range provided, 
these values provide the maximum variance accepted without additional rip rap or lining 
through the channel.  The cross sections may vary but must always be sufficient to 
provide the maximum required flow area. 
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DIVERSION DESIGN CRITERIA 

Ditch No. Manning N 
Side 
Slope 

Min 
Bottom 
Width 

Design 
Flow 

Channel 
Slope (%) 

Flow 
Depth (ft) 

Flow Area 
(ft^2) 

Maximum 
Velocity 

Minimum 
Channel 
Depth Comments 

 Min Max minH/1V (ft) (cfs) Min Max Min Max Min Max (ft/s) (ft) No lining required 

CW-D1 0.03 0.05 2 0 2.40 1.6 5 0.53 0.8 0.60 1.30 4.3 0.80 No lining required 

CW-D2 0.03 0.05 2 0 7.80 3 4 0.89 1.1 1.58 2.40 4.9 1.10 No lining required 

CW-D3 0.03 0.05 2 0 2.50 2 6 0.52 0.8 0.54 1.30 4.62 0.80 No lining required 

CW-D4 0.03 0.05 2 0 4.80 2 5 0.70 1.0 0.98 2.10 4.9 1.00 No lining required 

CW-D5 0.03 0.05 2 0 10.10 1 2.5 1.04 1.5 2.16 4.70 4.7 1.50 No lining required 

CW-D6 0.03 0.05 2 1 5.00 1 6 0.56 0.9 1.19 2.50 4.2 0.90 No lining required 

CW-D7 0.03 0.05 2 1 14.50 1 2.3 0.98 1.5 2.90 6.00 5 1.50 No lining required 

Past-D1 0.012 0.03 2 2 2.20 0.2 1.5 0.20 0.6 0.48 1.92 4.58 0.60 No lining required 

Past-D3 0.025 0.05 2 0 2.80 1 4 0.55 0.9 0.61 1.62 4.59 0.90 No lining required 

Past-D4 0.025 0.05 2 1 4.86 2 5 0.49 0.8 0.97 2.10 4.95 0.80 No lining required 

Past-D5 0.025 0.05 2 1 2.50 0.5 2.5 0.38 0.8 0.67 2.08 3.73 0.80 No lining required 

Past-D6 0.03 0.05 2 1 3.60 2 5 0.42 0.7 0.77 1.68 4.68 0.70 No lining required 

Past-D9 0.025 0.05 2 1 3.98 0.8 5 0.46 1.0 0.82 2.20 4.85 1.00 No lining required 

 
 
 
CULVERT DESIGN CRITERIA 

Culvert 
No 

Minimum 
Pipe 

Diameter 
(in) 

Pipe 
Length 

(ft) 

Pipe 
Slope 

% 

Controlling 
Head 

Water (Ft) 

Design 
Flow 
(cfs) 

Design 
Velocity 

(ft/s) 
Inlet / Outlet 
Conditions 

Past-C1 18 40 1 1 2.8 2.3 No lining req'd 

Past-C2 24 115 3 1.2 4.9 2.9 No lining req'd 

        

Past-C4 12 75 3 1.65 3.6 4.6 
Submerged inlet outlet 
Riprap D50=6" 

Past-C5 24 40 1 0.1 3.98 2.6 No lining req’d 

        

CW-C1 12 60 3.7 1.9 4 5 No lining req'd 

        

CW-C3 4@8" 10 6 0.67 6.8 5 No lining req'd 

CW-C4 36 60 1.7 1.9 3.8 4.2 No lining req'd 

CW-C5 18 780 1.8 3 11.5 4.9 No lining req'd 

        

        

 
Culverts were designed for these watersheds previously under a very conservative storm 
(100 yr 6 hr).  With the combined watersheds now proposed, we have checked to make 
sure that the designs are still more conservative than the required 10 year 6 hour storm.  
See the table above for the design flow rates used. 
 
 



DETERMINATION OF BOND AMOUNT - Summary

ITEM Q
U

A
N

T
IT

Y

R
A

T
E

C
O

S
T

Total Crusher Demolition Culvert Removal & Riprap 141,699$               

Total Backfill, Grading and support 720,767$               

Total Revegetation and Erosion Control 273,340$               

Total  (Direct Costs) 1,135,806$            

Mobilization and Demobilization 10% 113,581$               

Contingency 5% 56,790$                 

Engineering Redesign 2.5% 28,395$                 

Main Office Expense 6.8% 77,235$                 

Project Management Fee 2.5% 28,395$                 

Total  (Indirect Costs) 26.8% 304,396$               

Total (Direct and Indirect Costs  -  2015 dollars) 1,440,202$            

Escalation 5 years to Mid Term 2020 5 1.20% 88,511$                 

Escalation 5 years to Mid Term 2025 5 2.95% 239,187$               

Total Reclamation Costs (Escalated) 1,767,900$            

Bond Amount Required (Rounded to the nearest $1,000) 1,768,000$            

SCA bond clean 9-10-20.xlsx    Summary 9/10/2020
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