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 PRELIMINARY DRAINAGE ANALYSIS 
& 

DETENTION BASIN SIZING 
For 

Centennial Industrial Site & Brunswick Industrial Site 
 
 
Executive Summary 
The following Preliminary Drainage Analysis has been prepared by Nevada City Engineering, 
Inc. (“NCE”) as supporting documentation for the Preliminary Grading Plans related to the Use 
Permit Application by Rise Grass Valley Inc. (“Rise”) in anticipation of the re-opening of 
portions of the former Idaho Maryland Mine, located in unincorporated territory of Nevada 
County, CA.  Rise Grass Valley Inc. plans to re-open mining operations from a new facility to be 
located on the site of the former New Brunswick Shaft, located southwest of the intersection of 
Brunswick Road and East Bennett Road.  Rise plans to use materials generated from 
underground tunneling and ore processing as engineered fill which will be placed and compacted 
in areas of the Centennial and Brunswick Industrial Sites.  When operations are completed it is 
planned that the engineered fill areas will be redeveloped as industrial park facilities, ultimately 
adding lasting economic benefit to western Nevada County.  It should be noted that final 
development as an industrial park facility is not part of the Use Permit Application by Rise.  
During the active period of mining operations, water from the underground mine will be treated 
on site before being discharged to South Fork Wolf Creek.  This Drainage and Detention Study 
anticipates a peak flow rate of 2,500 gallons per minute (gpm) or 5.6 cubic feet per second (cfs) 
from the dewatering operation.  The detention basin for the Brunswick Site is sized to detain 
storm flows to compensate for the quantity of treated mine water discharged to South Fork Wolf 
Creek, in addition to compensating for increased runoff from ultimate development of the site.  
The hydrologic calculations and detention studies for both sites anticipate runoff at full 
development.  Therefore, when mining operations are completed and the sites are developed as 
industrial parks, all potential increases in runoff due to increases in impervious surfaces 
(pavement and buildings) will already be accounted for.  Moreover, the drainage calculations and 
detention basins are specifically designed to respond to the drainage requirements of the County 
of Nevada and consist of Hydrologic Calculations and a Detention Study.  Detailed hydraulic 
calculations, other than for the reservoir routing analysis contained in the Detention Study, have 
been omitted at this time as additional storm drain pipes that will convey site drainage flows to 
the detention basins will ultimately be designed to flow at less than their total capacity. 
Therefore, the overall system will function hydraulically as intended. 
 
Post project storm-water discharge from both the Centennial and Brunswick Sites, including, in 
the case of the Brunswick Site, the treated mine water discharge of 5.6 cfs will be equal to or less 
than the estimated pre-project storm-water discharge levels.  Therefore, with the construction of 
the storm-water detention ponds, the project will have no impact or increase of flows in creeks 
during storm events.  Following is a Summary Table of Pre- and Post-Development Storm-Water 
flows from the location of the Brunswick Site. 
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Summary Table of Pre- and Post-Development Storm-Water Flows, Brunswick Site: 
 

Storm 
Event 

Pre-Development 
current 

Post Development  
with detention and 5.6 cfs 

mine water discharge 
2 year  79 cfs 36 cfs 
10 year 140 cfs 84 cfs 
25 year 195 cfs 158 cfs 
100 year 227 cfs 207 cfs 

 
 
Hydrologic Calculations 
For the drainage basins identified on the attached Hydrology Maps as Drainage Areas >A-1= and 
>A-2', and >B-1' through >B-3', hydrologic calculations were developed utilizing the unit 
hydrograph method as contained in the Pond Pack Version 8i computer program.  In accordance 
with the requirements of the County of Nevada’s Use Permit Application process, values for the 
10-year and 100-year frequency storms were developed using the County of Nevada’s Design 
Storm Depth tables for a 24 hour storm as contained in County of Nevada, Department of 
Transportation Standard Drawings D-13 and D-14.  Depths for a Mean Annual Precipitation of 
56” were used (6.80” for Q-10, and 9.64” for Q-100).  At the request of Rise Grass Valley Inc., 
NCE has also included analyses for the 2-year, and 25-year storms at the Brunswick site.  Design 
storm depths for these events were attained from information published on  the National Oceanic 
and Atmospheric Administration (NOAA) “Hydrometeorological Design Studies Center, 
Precipitation Frequency Data Server” website for the specific location of the Brunswick Site.  
For the Brunswick Site the depths were 4.73” for the 2-year storm and 8.59” for the 25-year 
storm. 
 
To develop the storm hydrographs for each storm event at each site, Runoff Curve Numbers 
consistent with County of Nevada Standard Drawing D-16 were generated for each drainage 
subarea based on existing land use and vegetative conditions for the pre-development analyses.  
Similarly, post-development curve numbers were generated based on anticipated ultimate 
development for each site.  Governing Times of Concentration for each drainage area were 
developed in accordance with County of Nevada Standard Drawing D-9 as a further input into 
the program. 
 
The layouts of the storm drain systems are designed to capture flows from newly developed 
portions of the sites (Drainage Areas >A-1’ and ‘B-1’ and ‘B-2’) routing them into and through 
the proposed detention basins and into proposed 60" diameter outlet riser structures.  They are 
also designed to bypass flows from certain undeveloped and/or unchanged portions of the sites’ 
upstream areas, along with flows from some off-site upstream tributary areas, which do not 
change from historic pre-development conditions.  These consist of Drainage Areas ‘A-2’ and 
‘B-3’. 
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Detention Study 
Input for the Detention Study was prepared by Nevada City Engineering, Inc. utilizing the 
hydrology developed as described above. The storm flows collected by the proposed on-site 
storm drain systems were then routed through the proposed detention basins into 60” diameter 
CSP (corrugated steel pipe) outlet riser structures.  The results indicated reductions of peak flows 
ranging from 8.9% to 54.4%.  The specifics of these reductions are summarized on Page 7 of the 
Detention Study.  The total drainage areas mitigated by the proposed detention basins consist of 
66.86 acres for the Centennial Site, and 126.69 acres for the Brunswick Site, in their post-
development conditions.  Consequently, the impact of the detention basins is to reduce the flow 
emanating from the developed areas of the sites to less than pre-development levels.   The 
drainage systems draining off-site areas for which the pre- and post-development flows do not 
change are designed to bypass the detention basins resulting in no net impact to downstream 
properties. 
 
Grading Process 
Grading Plans at 1”=100’ scale for both sites are included with the Use Permit Submittal.  The 
Grading Plans demonstrate, in addition to the layout of the Brunswick Site and processing 
facilities, the completed engineered fill operation grading and the related drainage systems which 
are analyzed in this report.  On-site fills are proposed to be constructed at a slope ratio of 3:1.  
Under this scenario, due to the relatively mild gradient, mid slope benches will not be required.  
Where slope banks are great enough in height to require mid-slope interceptor ditches, “J” 
Ditches as indicated on the detail included on Page 14 of this study will be provided.  These will 
eliminate any likelihood of erosion occurring on the slope faces.  Additionally, the 3:1 slopes 
have a softer, more natural look which will make the proposed ultimate development of the 
engineered fill areas into industrial parks more aesthetically pleasing than benched slopes.  These 
flatter slopes will also enhance the viability of landscaping and vegetative efforts on those 
slopes.   
 
The proposed detention basins at each site are intentionally located at the downstream toe of 
each fill site.  This is done so that they may be constructed and made functional relatively early 
in the process of the fill operations.  Therefore, as the fill areas rise throughout the anticipated 
duration of this portion of the mining operation, flows will be directed to these facilities via the 
drainage pipes which proceed downhill from the surface of the fill, allowing the flows to be 
directed to the detention basins.  These pipes in the proposed 3:1 slope, at any given point in the 
process of placing the fills, will be extended up slope from the detention basins to the then 
current surface.  Interceptor ditches and catchment sumps will be formed at the surface, as 
indicated on the Grading Plans, and will be replaced periodically as the fill operation progresses 
and the surface elevation rises.  By this strategy, site drainage will continually be positively 
controlled throughout the process of the engineered fill placement operation. 
 
SMARA (Surface Mining and Reclamation Act) Coordination 
The Nevada County drainage requirements indicate that new storm drain systems and channels 
shall be designed to convey the 10- and 100-year, 24 hour storm event.  Furthermore, SMARA 
states that erosion control methods shall be designed for the 20-year, 1 hour storm and shall 
control erosion and sedimentation during operations as well as after reclamation is complete (see 
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CCR Title 14, Section 3706).  The 2-, 10-, 25-, and 100-year, 24 hour storm events were 
analyzed in this report, which more than satisfies the Nevada County requirements.  Since the 
100-year, 24 hour event is greater than the SMARA required 20-year, 1 hour event, the 100-year, 
24 hour results will provide a greater factor of safety in the drainage design. 
 
Summary 
In summation, the proposed grading will result in significant areas which will be ready for final 
development as industrial parks, while the proposed drainage systems fully mitigate any impacts 
of development of the properties, resulting in downstream flows which range from 8.9% to 
54.4% less than pre-development levels depending on the design storm.  These mitigated flows 
will be released, through control outlet structures, in the case of the Centennial Site, to the main 
branch of Wolf Creek, and in the case of the Brunswick Site, to South Fork Wolf Creek. 
 
Detailed Calculations 
 

1. Develop Times of Concentration 
 

a. Subarea A-1 (Centennial Site): 
Pre-Development:  L = 3,080 lf, So = 2,590-2,490/3,080 = 0.0325 
Tc = 3,080 lf/4.3 ft/sec/60 sec/min = 11.94 min. Use 12.0 min. 
Post-Development: L = 2,600 lf, So = 2,590-2,495/2,600 = 0.0365 
Tc = 2,600 lf/4.4 ft/sec/60 sec/min = 9.85 min. Use 10.0 min. 
 

b. Subarea A-2 (Centennial Site): 
Pre- and Post-Development: L = 2,130 lf, So = 2,744-2,548/2,130 = 0.0920 

  Tc =  sheet flow:     200 lf @ 12.0%, avg. grass,       tc = 12.7 min.  
   channel flow: So = 2,720-2,548/1,930 = 0.0891 
     tc = 1,930 lf/7.14 ft/sec/60 sec/min =    4.5 min. 
        Total Tc =  17.2 min. 
   For sizing culvert extension from existing log pond 
 

c. Subarea B-1 (Brunswick Site): 
Pre-Development:  L = 3,955 lf, So = 2,946-2,716/3,955 = 0.0582 
Tc = 3,955 lf/5.3 ft/sec/60 sec/min = 12.43 min. 
Post-Development: L = 3,806 lf, So = 2,946-2,725/3,806 = 0.0581 
Tc = 3,806 lf/5.3 ft/sec/60 sec/min = 11.97 min. Use 12.0 min., both scenarios 
 

d. Subarea B-2 (Brunswick Site): 
Pre-Development: L = 1,370 lf, So = 2,852-2,716/1,370 = 0.0993 

  Tc =  sheet flow:     300 lf @ 18.0%, avg. grass,       tc = 13.0 min.  
   channel flow: So = 2,798-2,716/1,070 = 0.0766 
     tc = 1,070 lf/6.40 ft/sec/60 sec/min =    2.8 min. 

      Total Tc =  15.8 min. 
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Post-Development: L = 1,340 lf, So = 2,852-2,725/1,340 = 0.0948 
  Tc =  sheet flow:     300 lf @ 18.0%, avg. grass,        tc = 13.0 min.  
   channel flow: So = 2,798-2,725/1,040 = 0.0702 
     tc = 1,040 lf/6.0 ft/sec/60 sec/min =      2.9 min. 

      Total Tc =  15.9 min. 
 For conservatism and consistency use 12.0 min. per Subarea B-1 
 

e. Subarea B-3 (Brunswick Site): 
Pre- and Post-Development: L = 3,500 lf, So = 2,866-2,738/3,500 = 0.0366 

  Tc =  sheet flow:     500 lf @ 12.0%, avg. grass,       tc = 16.0 min.  
   channel flow: So = 2,806-2,738/3,000 = 0.0227 
     tc = 3,000 lf/3.50 ft/sec/60 sec/min =  14.3 min. 
        Total Tc =  30.3 min. 

 For checking capacity of existing 48” culvert across/under site 
 

2. Develop CN  Values 
 

a. Centennial Site: 
Pre-Development: 
69.96 ac./69.96 ac. = 100% Wood or Forest Land, Good Cover, Soil Type ‘D’ 
CN = 77.0 
Post-Development: 

 38.11 ac./66.86 ac. = 57% Industrial/Commercial/Business, 
Soil Type ‘D’:    0.57 x 93 53.01 

 28.75 ac./66.86 ac. = 43% Wood or Forest Land, 
    Good Cover, Soil Type ‘D’:   0.43 x 77 = 33.11 
    Total       86.12 
b. Brunswick Site: 

Pre-Development 
Subarea B-1: 
76.10 ac./89.36 ac. = 85% Wood or Forest Land, 

Good Cover, Soil Type ‘D’:  0.85 x 77 = 65.45 
8.26 ac./89.36 ac. =  9% Open Space, Fair Condition, 
   Soil Type ‘D’:    0.09 x 84 =   7.56 
5.00 ac./89.36 ac. = 6% Industrial/Commercial/Business, 
   Soil Type ‘D’:    0.06 x 93 =   5.58 
   Total       78.59 
Subarea B-2: 
12.45 ac./34.33 ac. = 36% Wood or Forest Land, 

Good Cover, Soil Type ‘D’:  0.36 x 77 = 27.72 
15.00 ac./34.33 ac. = 44% Open Space, Fair Condition, 
   Soil Type ‘D’:    0.44 x 84 = 36.96 
6.88 ac./34.33 ac. = 20% Industrial/Commercial/Business, 
   Soil Type ‘D’:    0.20 x 93 = 18.60 
   Total       83.28 



 
18-037-01 DST.001 

7 

Post-Development: 
Subarea B-1: 
56.90 ac./98.55 ac. = 58% Wood or Forest Land, 

Good Cover, Soil Type ‘D’:  0.58 x 77 = 44.66 
18.15 ac./98.55 ac. =  18% Open Space, Fair Condition, 
   Soil Type ‘D’:    0.18 x 84 = 15.12 
23.50 ac./98.55 ac. = 24% Industrial/Commercial/Business, 
   Soil Type ‘D’:    0.24 x 93 = 22.32 
   Total       82.10 
Subarea B-2: 
4.48 ac./28.14 ac. = 16% Wood or Forest Land, 

Good Cover, Soil Type ‘D’:  0.16 x 77 = 12.32 
8.30 ac./28.14 ac. =  30% Open Space, Fair Condition, 
   Soil Type ‘D’:    0.30 x 84 = 25.20 
15.36 ac./28.14 ac. = 54% Industrial/Commercial/Business, 
   Soil Type ‘D’:    0.54 x 93 = 50.22 
   Total       87.74 

 
3. Input Storm Depth Values 
 

a. Centennial Site 
10-yr, 24 hr storm: 6.80 inches+ 
100-yr, 24 hr storm: 9.64 inches+ 

b. Brunswick Site 
2-yr, 24 hr storm: 4.73 inches* 
10-yr, 24 hr storm: 6.80 inches+ 
25-yr, 24 hr storm: 8.59 inches* 
100-yr, 24 hr storm: 9.64 inches+ 

  *  Values obtained from NOAA, “Hydrometeorological Design Studies Center, 
      Precipitation Frequency Data Server”  
  +  Values obtained from County of Nevada Standard Drawings D-13 & D-14 
 

4. Summary of Flow Values – Centennial Site 
      Pre-Dev:     Post-Dev:        Target Outflow:        After Detention  

10-yr. storm:    72.44 cfs    89.68 cfs    72.44 cfs    45.14 cfs 
100-yr. storm:121.02 cfs  137.41 cfs  121.02 cfs    75.75 cfs 

 
5. Summary of Flow Values - Brunswick Site 

      Pre-Dev:     Post-Dev:        Target Outflow:        After Detention: 
2-yr. storm:      78.92 cfs     93.31 cfs   78.92-5.57 =   73.35 cfs    30.74 cfs 
10-yr. storm:  139.98 cfs   157.48 cfs 139.98-5.57 = 134.41 cfs    78.63 cfs 
25-yr. storm:  194.52 cfs   213.78 cfs 194.52-5.57 = 188.95 cfs  152.78 cfs 
100-yr. storm:226.76 cfs   247.08 cfs 226.76-5.57 = 221.19 cfs  201.21 cfs 
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6. Size Extension of Drainage Culvert from Subarea A-2 
 

Slope  soil  veg. surface         Total 
C    = 0.15  +  0.12 +  0.06  +  0.12 =     0.45  
A = 28.06 ac.  Tc = 17.2 min.  I-100 = 2.98 in./hr. 
Q = CIA = 0.45 x 2.98 x 28.06 = 37.6 cfs 
So = 2,534–2,500/1,040 = 0.0327 
 
d = [Qn / K’So½]3/8 = [37.6(0.012)/0.463*(0.0327)½]3/8 = 1.88 ft. 
Use 30” pipe for extra margin of safety 
* K’ from King’s Handbook of Hydraulics, 6th Edition, for pipe flowing at D/d = 0.82 
 

7. Verify Size of Existing 48” Culvert Draining Subarea  B-3  
 

Slope  soil  veg. surface         Total 
C    = 0.07  +  0.11 +  0.04  +  0.07   =     0.29  
A = 167.60 ac.  Tc = 30.3 min.  I-100 = 2.28 in./hr. 
Q = CIA = 0.29 x 2.28 x 167.6 = 110.8 cfs 
So = 2,740–2,710/1,645 = 0.0182 
K’ = Qn/d8/3So½ = 110.8(0.024)/4.08/3(0.0182) ½ = 0.4889 
From King’s Handbook of Hydraulics, 6th Edition, for K’ = 0.4889, D/d = 0.0883 
So, 48” pipe will flow at a depth of 0.0883 x 4.0 = 3.5 ft. 
Therefore, 48”pipe is OK. 
 

8. Size outfall culvert for Centennial Site 
 

So = 2,495–2,490/170 = 0.0294, Q100 = 121 cfs 
d = [Qn / K’So½]3/8 = [121(0.024)/0.463*(0.0294)½]3/8 = 3.85 ft. 
Therefore, use 48” pipe 
* K’ from King’s Handbook of Hydraulics, 6th Edition, for pipe flowing at D/d = 0.82 
 
K’ = Qn/d8/3So½ = 121(0.024)/4.08/3(0.0294) ½ = 0.4201 
From King’s Handbook of Hydraulics, 6th Edition, for K’ = 0.4201, D/d = 0.7468 
So, 48” pipe will flow at a depth of 0.7468 x 4.0 = 2.98 ft. 

  
9. Size outfall culvert for Brunswick Site 
 

So = 2,725–2,710/160 = 0.0938, Q100 = 227 cfs 
d = [Qn / K’So½]3/8 = [227(0.024)/0.463*(0.0938)½]3/8 = 3.93 ft. 
Therefore, use 48” pipe 
* K’ from King’s Handbook of Hydraulics, 6th Edition, for pipe flowing at D/d = 0.82 
 
K’ = Qn/d8/3So½ = 227(0.024)/4.08/3(0.0938) ½ = 0.5095 
From King’s Handbook of Hydraulics, 6th edition, for K’ = 0.5095, D/d = 0.07803 
So, 48” pipe will flow at a depth of 0.7803 x 4.0 = 3.12 ft. 



 
18-037-01 DST.001 

9 

 
10. Size Treated Mine Water Outfall to South Fork Wolf Creek, Brunswick Site 
 

K’ = Qn/d8/3So½ = 5.57(0.012)/1.008/3(0.0385) ½ = 0.3406 
From King’s Handbook of Hydraulics, 6th Edition, for K’ = 0.3406, D/d = 0.6371 
So, 12” treated mine water outfall pipe will flow at a depth of 0.6371 x 1.0 = 0.64 ft. 
 
Check Velocity at Outfall: 
At D/d = 0.6371, Ca = 0.5281, A = Ca(d²) = 0.5281(1.0²) = 0.53 ft²  
V = Q/A = 5.57/0.53 = 10.51 ft./sec. 
 
Determine Length of Outfall Apron: 
L = 0.37VoD½ = 0.37(10.51)1.0½ = 3.89 ft. 
Therefore, for conservatism, use L=5.0 ft. 
Note:  The existing flow line and portions of the banks of South Fork Wolf Creek are 
currently lined with miscellaneous rocks which will act as a stabilizing structure for 
both the flow line and the banks.  Due to the small amount of flow being released into 
the South Fork Wolf Creek, it should not be necessary to install any additional 
armoring of either the channel bottom or its banks. 

 
Glossary of Terminology and Technical Abbreviations 
 
A    - Area 
ac.  - acres 
C    - Coefficient of Runoff for use in the Rational Formula 
Ca  - Coefficient for determining the cross sectional area of flow in a circular conduit (pipe)  
cfs  - flow rate in cubic feet per second 
CN - Soil Conservaton Service Curve Number 
D   - Depth of flow in a circular conduit (pipe) 
d    - diameter of a circular conduit (pipe) 
ft.   - feet 
hr.  - hour 
I     - Intensity (normally in inches per hour) 
in.  - inches 
K’  - Conveyance factor related to Manning’s equation 
L    - Length  
lf.   - linear feet 
n    - Manning’s “n” value 
V   - Velocity 
Vo - Velocity at outlet 
So  - Slope of the flow line of a pipe or open channel 
Tc  - Time of Concentration 
Q   - Flow rate (normally in cfs) 
Q10 - Flow rate for the statistical frequency of occurrence (10-year for instance) 
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